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L—The Affinity Values of Tropine and its 


Derwatives. 
By Victor HerBert VELEY. 


Ir seems unnecessary to dwell at any length on the importance of a 
study of the base tropine, as it forms the starting point of alkaloids 
in such common use as cocaine, tropacocaine, atropine, homatropine, 
hyoscyamine, and others. It appears, however, that there are very 
few data from the physical chemistry standpoint as to the factors of 
these various substances. 

Gaudechon has recently (Bull. Soc. chim., 1907, [iv], 1, 681) 
determined the heats of combustion, and consequently of formation, of 
the cocaine and atropine series of alkaloids, and remarked generally 
that the data obtained by him were in accordance with the accepted 
views of their constitution. Determinations of the eiectric con- 
ductivity or hydrolysis of the salts are entirely wanting, although it 
is an interesting point of history that the ancient Peruvians uncon- 
sciously practised the latter in that they dried the leaves of the coca 
plant, mixed them with lime, and used the preparation for chewing, it 
being their favourite narcotic (compare records of Ondegardo, Acosta, 
and Herrera). Nearly four hundred years later, the workers of to-day 
precipitate cocaine from solutions of salts by alkaline solutions, and 
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study the reactions of this base and its congeners when heated under 
different conditions with the caustic alkalis or alkaline earths. 

Various formule have been proposed by Ladenburg, Merling, and 
Willstatter to represent the constitution of tropine, but for the 
present purpose it is only necessary to discuss briefly those proposed 
by the two last writers. 

According to Merling (Ber., 1891, 34, 3108), tropine may be 
regarded as consisting of conjoint piperidine and hexamethylene 
residues (formula I) linked in the 1: 4-positions ; Willstitter (Ber, 
1897, 30, 2679) at first represented the base as consisting of con- 
joint hexamethylene and!pyrrolidine residues linked in the 1 : 3-position 
(formula II), but subsequently (Ber., 1898, 31, 1534), as consisting of 
conjoint piperidine and pyrrolidine residues (formula III) linked like- 
wise in the 1 : 3-position : 

(1) (1 
CH,-CH—CH, CH, CH—C H : 
cae oN ; | “NMe CH: 
CHCOH, “CH(OH)S cH | (GH, (HOH | NMe CH-OH. 
\cH,——NMe* NMeCH-CH, OH,-CH—CH, 
(I.) (II.) (III. ) 


As regards IT and III, it appears to be an open question whether 
the hydroxyl group is in the 2- or 3-position relatively to that marked 
(1), but this point is not material to the present inquiry. Ecgonine is 
derived from tropine by the replacement of hydrogen by the carboxyl 
group in a position contiguous to that occupied by the hydroxyl, 
benzoylecgonine is derived from ecgonine by the replacement of the 
hydroxylic hydrogen atom by the benzoyl group ; cocaine is derived 
from benzoylecgonine by the replacement of the carboxylic hydrogen 
atom by the methyl group, and, lastly, anhydroecgonine is derived from 
ecgonine by the abstraction of the elements of water from ecgonine. 
It appeared possible that some further light might be thrown on the 
constitution of these several substances by determinations of their 
affinity values by the methyl-orange or other method, with more 
especial reference to the presence of (1) a piperidine residue, (2) a 
pyrrolidine residue, or (3) a piperidine modified by a pyrrolidine, 
these being the three alternatives with regard to the nitrogen of the 
several constitutional formule proposed for tropine. It has been 
shown in a previous communication that piperidine and its homologues 
have a high affinity value, and also that the 1:4-derivatives have a 
higher affinity value than the 1 : 3. 


EXPERIMENTAL, 


Tropine Hydrochloride.—A crystalline sample of tropine was dis- 
solved in V/20-hydrochloric acid so as to form an V/20-solution of the 
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hydrochloride ; this, as also a solution diluted to half its strength, 
was examined, with the following results : 
V=4x 10°, V=8 x 10°. V=4x 10". V=8 x 10°, 
Temp. 16°. Temp. 18°. Temp. 16°. Temp. 18°, 
1°5 0-8 6:2 2°3 
31 6 7°8 3 
6 

Values of K=1°55 and 0°8 ;* hydrolysis values 4:8 and 5:0 respec- 
tively ; hence yas =0°84 10-% and kygs=1°9 10-®. Although the 
difference between the two last is rather greater than can be 
accounted for by variation of temperature, yet both results show that 
tropine is a weaker base than piperidine, k,=1:58 10-°, the hydro- 
chloride of which shows notrace of hydrolysis. The difference between the 
afinity values of tropine and piperidine can be shown by the methyl- 
orange method in the form of a simple lecture experiment. It would 
appear, therefore, that formula I should be excluded, and that formula IT 
is the more probable. But as there is an accumulation of independent 
evidence that tropine and its derivatives, especially ecgonine, can be 
transformed into pyridine derivatives (Ladenburg, Stéhr, Willstitter, 
and others), then the only conclusion to be arrived at is that the 
affinity value of the stronger piperidine residue is modified by being 
conjoined to the weaker pyrrolidine residue. 

Ecgonine Hydrochloride.—A fine crystalline sample (Merck) was 
dissolved in water, and the solution diluted as in other cases of 
considerable hydrolysis. The following results were obtained at 14°: 

F=8 x 10%. V=4x 104. V=4x 104, 
1°5 2°9 ; 14°5 
2°8 5°8 t 14°5 
42 8°7 ‘8 14°5 
5°6 11°6 ‘ 14°5 

Values of K=1°4 and 2°9, corrected 1°42 and 2°85 respectively ; 
hydrolysis value= 89°7. This last, as intermediate between that found 
for sarcosine, 87°5, and betaine, 94°7 (Trans., 1908, 93, 662; compare 
Winkelblech, Zeitsch. physikal. Chem., 1901, 36, 574), shows that 
ecgonine is of the order of an amphoteric electrolyte, and Willstiitter’s 
view, that it is probably an inner anhydride or betaine (loc. cit., 
p. 1540), is confirmed. 

Anhydroecgonine Hydrochloride.—This substance was dealt with 
precisely as the above, and the following results were obtained at 14°: 

V=4x104. j V=8 x 104. V=4x104, 
2°1 5°4 8°4 
6 
7 
8 


*4 8°4 
“4 8°4 
3) 8°4 


4°2 
6°3 
8°4 


* The factors for hydrochloric acid are those given in my previous communication 
(Trans., 1908, 98, 656). 
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Values of k=1°05 and 2:1 respectively; hydrolysis value= 65-6 ; 
koay = 3°68 10; this last figure is almost identical with that, 3:4 10-4, 
found by Cumming for 1 :3-benzobetaine (Proc. Roy. Soc., 1906, 78, A, 
136). Anhydroecgonine is thus more basic or less acid than ecgonine 
but it'is not possible in the present state of knowledge to attribute 
this result to the presence of a tetrahydro- in the stead of a hexahydro- 
pyridine residue. 

Benzoylecgonine Hydrochloride.—Benzoylecgonine was dissolved in 
such a volume of V/20-hydrochloric acid so as to form an W/20- 
solution, presuming that no hydrolysis occurred. The solution was 
diluted and dealt with as in the preceding cases, but the factor found 
was identical with that of hydrochloric acid of the same concentration, 
or, in other words, the solution behaved as if the benzoylecgonine 
was not present ; thus showing that under the conditions of experiment 
no combination between the two substances had taken place. It is 
generally stated that benzoylecgonine possesses both a basic and an 
acidic function, but the former must be of the order of caffeine, the 
hydrochloride of which was found to give a hydrolysis value of 97:2 
under precisely similar conditions of experiment (Trans., 1908, 
93, 664). 

Cocaine Hydrochloride—An N/20 and more dilute solutions of this 
salt showed no hydrolysis with methyl-orange, but as the alkaloid 
is displaced from solutions of its salts by ammonia solution, its 
affinity value would lie between the limits 110° and 110~’. The 
V/20-solution was heated to boiling in a Jena glass flask fitted with an 
inverted condenser for four hours, and the acidity found after this 
treatment was equal to one per cent. in terms of hydrochloric acid. 

It was not possible, however, to prove directly whether this result 
was due (1) to the hydrolysis of the hydrochloride, (2) to a partial 
resolution of cocaine into benzoylecgonine and methyl! alcohol, or (3) 
a conjoint effect of (1) and (2). it has been shown by Einhorn (Ber., 
1888, 21, 48) that cocaine when boiled with water is resolved into 
benzoylecgonine and methyl alcohol, although this change requires a 
long time for its completion, and also by Breteau (J. Pharm. Chim., 
1906, [vi], 23, 474) that a sample of cocaine hydrochloride, originally 
damp, was found after a lapse of years to contain methyl benzoate, 
benzoic acid, and ecgonine hydrochloride. 

The decomposition of cocaine, as also of its isomeride, a-cocaine, 
under varied conditions, might form a subject of an investigation of 
considerable practical importance, but however this may be, it is 
evident that cocaine, or the methy! ester of benzoylecgonine, is a very 
much stronger base than its corresponding acid, benzoylecgonine. 
This result is in complete accordance with those obtained by Johnson 
(Proc. Roy. Soc., 1906, 78, A, 96) for methylglycine, and myself for 
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ethylglycine (loc. cit., 662), as compared with those of glycine, both of 
which concur in showing that the substitution of the carboxylic bydro- 
gen atom by hydrocarbon groups in the case of an amino-acid destroys 
the amphoteric electrolytic character of such an acid. The difference 
between the composition of solutions of benzoylecgonine and cocaine 
hydrochlorides can readily be shown by the methyl-orange method as 
a simple lecture experiment. 

An attempt was made to determine approximately the affinity 
value of cocaine by an independent method, possibly of general 
applicability for other alkaloids which are relatively strong bases. 
The method is based on the determination of the mass of sodium 
hydroxide required to produce an initial precipitation of the alkaloid 
from an aqueous solution of a given mass of its hydrochloride; the 
method can only be applied in cases in which the alkaloid is sufficiently 
insoluble, and its hydrochloride sufficiently soluble, in water. But as 
no process has as yet been devised for determining with any degree of 
accuracy the strength of a sodium hydroxide solution of titre value 
4/1000 or thereabouts, solutions of sodium salts known to be partly 
hydrolysed into the free acid and base were substituted. After 
preliminary trials, borax was selected as possessing the two practical 
advantages, (1) that it is readily procurable in a great degree of 
purity, and (2) that it and the alkaloid hydrochlorides are in common 


use in surgical operations, If it is assumed that the unaltered salt 
and the liberated acid produce no appreciable effect on the course of 
the reaction, then Guldberg and Waage’s equilibrium formula may be 
applied, thus : 

Before initial precipitation we have : 


Cocaine hydrochloride + sodium hydroxide = 
sodium chloride + cocaine ; 
and if M,, M,, M,, and M, be the respective masses of the four 
substances in solution, then 
MM JMNM, = bje. . . ws - GC), 
in which &, and & are the relative affinities of sodium hydroxide and 
cocaine for hydrochloric acid. But as the chlorine ion is common to 
both sides of the chemical equation, then we have simply 
MIM, @ Bf8e 2 se re wc ne 
or the relative masses of the two bases will give their relative affinities 
for hydrochloric acid up to the point at which a state of homogeneous 
equilibrium, all four substances remaining in solution, passes into 
a state of heterogeneous equilibrium, namely, the precipitation of 
the alkaloid. 
It was found that 0°5 c.c. of an WV/10-solution of borax (anhydrons) 
sufficed to produce an initial precipitation of cocaine from 10 c.c. of an 
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N/20-solution of the hydrochloride, and also that 0°26 c.c. of the same 
borax solution produced a like result with the same volume of an W/40- 
solution of the salt, the precipitation in the latter case taking a rather 
longer time to become apparent. Taking the former result, there are 
the following data: 1 c.c. V/10-borax solution contains 20°2 milli- 
grams of salt, but such a solution is hydrolysed to the extent of 
1 per cent.* (actual figure, 0°95 per cent.) ; hence the hydrolysed portion 
is equivalent to 0°202 milligram, and the amount of sodium hydroxide 
corresponding therewith is 0°08 milligram. But 10 c.c. of an W/20- 
solution of cocaine hydrochloride contain 151°6 milligrams of alkaloid, 
and 0:04 milligram of sodium hydroxide sufficed to upset the equili- 
brium of the amount of alkaloid in combination with hydrochloric 
acid. Hence ratio of affinity of sodium hydroxide and cocaine relative 
to hydrochloric acid =151°6:0°04=3790:1; but, according to 
Ostwald, the ratio of affinity of sodium hydroxide to ammonia 
=100:1°8; hence ratio of affinity of ammonia to cocaine =3790/ 
1000 x 1:8=68°2. The affinity value of ammonia is ky, =1°7 10-°; 
hence that of cocaine = 1°7 10~5/68=2°5 1077. 

The limit value of the methyl-orange method is somewhat less than 
1 10-7; cocaine hydrochloride should, if the above data are correct, 
show no hydrolysis at the ordinary temperature with methyl-orange, 
but the solution, when heated, would in all probability show traces of 
hydrolysis. Such a conclusion is in perfect agreement with the 
observations recorded above. 

The method proposed implies the assumptions: (1) that, as stated 
above, the effects produced by substances in solution other than the 
sodium hydroxide and alkaloid hydrochloride are inconsequent ; and 
(2) that the ratio value of affinities of soda and ammonia, and the 
value of kg given for boric acid, are substantially correct. 

It is proposed to give at an early date some further determinations 
of the affinity values obtained by the above method, but, meanwhile, 
subject to such revisions given above, the plea may reasonably be put 
forward that it is better to have approximate values for the affinity 
numbers of the alkaloids in daily use as drugs rather than to have 
none at all, which up to the present time has been the state of affairs. 

Tropeines.—The hydrochlorides of two substances of this type were 
examined, namely, atropine, the tropeine of tropic acid, and hom- 
atropine, the tropeine of mandelic acid, but neither showed any 


* Shields (Zeitsch. physikal. Chem., 1893, 12, 187) gives the hydrolysis value of 
an W/10-borax solution=0°5 per cent. ; although the figure has found its way into 
text-books, yet it was arrived at by results very far from concordant, as this author 
himself admitted. The number given above has been calculated from Lundén’s 
recent value for boric acid, £(1s)=5'48 10", by means of the approximate equation 
x= n/ViulKa. 
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appreciable hydrolysis even after their solutions had been heated to 
the boiling point for four hours. It would thus appear (1) that their 
affinity values are higher than 1 10~’, and (2) that no conversion of 
the lactonic group into the corresponding hydroxy-acid, thus: 


-CH,-OH 
+H,O -> an 


‘CO CH,° 
| O 
took place, such a change being the probable explanation of the 
difference in physiological activity, namely, mydriasis, between 
aqueous and alkaline solutions of such tropeines (compare Jowett and 
Marshall, Trans., 1900, 77, 481 ; Jowett and Hann, zdid., 1906, 89, 
357). . 
Hyoscyamine was also examined, and its behaviour was similar 
to those of atropine and homatropine. 


Summary. 


(1) It is shown that tropine, the parent base of the atropine and 
cocaine alkaloids, has a lower affinity value than piperidine, and it is 
concluded that the stronger piperidine residue is modified by being 
conjoined to the weaker pyrrolidine residue if the constitution most 
recently proposed by Willstitter is taken as substantially correct. 

(2) Eegonine, the carboxylic acid of tropine, possesses all the 
properties of an amphoteric electrolyte, and Willstiitter’s view, that it 
is of the nature of an inner anhydride or betaine, is confirmed. 

(3) Anhydroecgonine is a stronger base than ecgonine ; the value 
obtained is approximately equal to that of a betaine of the aromatic 
series, 

(4) Benzoylecgonine in dilute solution does not remain in com- 
bination with hydrochloric acid, and its basic function is of the order 
of caffeine. 

(5) Cocaine is a relatively strong base, although weaker than 
ammonia ; the effect produced by the substitution of the carboxylic 
hydrogen in benzoylecgonine by the methyl group is quite analogous 
to that previously observed in the case of glycine. The affinity value 
of cocaine was found to be approximately ,=2'5 10-7 by deter- 
mining the mass of sodium hydroxide contained in a hydrolysed borax 
solution which was required to upset the equilibrium between a 
certain mass of cocaine combined with hydrochloric acid. 

(6) The tropeines, atropine, and homatropine have an aflinity 
value greater than k,=1 10-’, and W/20-solutions of their hydro- 
chlorides show no appreciable hydrolysis when heated to the boiling 
point, 
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In conclusion, I have to express my obligations to the Research 
Fund Committee of the Chemical Society, for a grant for purchase of 
materials, and also to Messrs. Burroughs, Wellcome & Co., for kindly 
presenting me with certain samples of alkaloids and their salts for 
the purpose of this investigation. 


I1.—The Formation and Reactions of Imino-compounds. 
Part VII. The Formation of 1:3-Naphthylene- 
diamine from 8-Imino-a-cyano-y-phenylpropane. 
By Srantey Ropert Best and Jocetyn Fietp THorps. 


In a former part of this series (Trans., 1906, 89, 1906), attention 
was drawn to the formation of ethyl 1 : 3-naphthylenediamine-2- 
carboxylate by the action of cold concentrated sulphuric acid on 
ethyl 8-imino-a-cyano-y-phenylbutyrate, thus : 

CH, 
aan Aaa 
| Lec —> | J Joo, ie 
\/ /CH:CO,Et ‘fa 

CN NH, 

It was, moreover, shown in later parts of the series (Trans., 1967, 
91, 578, 1004, 1687) that the formation of the naphthalene ring 
could also be effected from a number of similar imino-nitriles by the 
aid of the same reagent. In all the compounds investigated, however, 
a carbethoxyl group was attached to the carbon atom united with the 
nitrile group ; and in order to show that the formation of the naph- 
thalene ring in this manner is of general application, it was necessary 
to investigate the behaviour of a benzenoid imino-nitrile constituted 
as above, but containing the group —CH,*CN. In this way any 
influence which might be exerted by the mobile hydrogen atom 
present, when, for example, a carbethoxyl group is attached to this 
carbon atom, would be eliminated. 

A compound of this class is -imino-a-cyano-y-phenylpropane, 
which, if a second substituting group attached to the a-carbon atom 
is without effect, would be converted by the aid of concentrated 
sulphuric acid into the sulphate of 1 : 3-naphthylenediamine, thus: 


/\/Nwa, 


mm, —w» | ij 


Aye 
NH, 
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Many unexpected difficulties were, however, met with in attempting 
to synthesise this imino-nitrile. Holzwart has shown (J. pr. Chem., 
1889, [ii], 39, 242) that B-imino-a-cyano-B-phenylethane, 

NH:CPh:CH,°CN, 
can be readily prepared by the action of sodium on an equimolecular 
mixture of acetonitrile and benzonitrile in dry ethereal solution, and 
our own experiments have also shown that the same product can be 
produced by the action of a trace of sodium ethoxide on a mixture of 
the two nitriles dissolved in alcohol; but on applying either of these 
reactions to a mixture of phenylacetonitrile and acetonitrile, the sole 
product was found to be B-imino-a-cyano-ay-diphenylpropane, 
CH,Ph-C(:NH)-CHPh:CN, 

which had evidently been formed by the condensation of phenyl- 
acetonitrile with itself. 

Ultimately the desired result was obtained by the hydrolysis of 
ethyl B-imino-a-cyano-y-phenylbutyrate, 

CH,Ph-C(°NH)-CH(CN):-CO,Et, 
a method for the preparation of which in quantity has already been 
given (Trans., 1906, 89, 1916). This ethyl salt is, however, remark- 
ably stable towards alkaline hydrolysing agents; thus, when the 
ethyl salt is boiled with one equivalent of potassium hydroxide 
dissolved in methyl alcohol, it is completely converted into methyl 
B-imino-a-cyano-y-phenylbutyrate, CH,Ph:C(:NH):CH(CN):CO,Me, 
and if water is present, hydrolysis takes place at the imino-group 
with the formation of the potassium salt, 

CH,Ph*C(OK):C(CN):CO, Me, 

which yields, on acidifying, methyl a-cyano-y-phenylacetoacctate, 
CH,Ph:CO-CH(CN):CO,Me, identical with the compound prepared 
by Haller and Blane (Compt. rend., 1900, 130, 1594) by the action 
of phenylacetyl chloride on the sodium compound of methyl cyano- 
acetate. No trace of the carboxylic acid could be isolated in this 
way, but it was subsequently found that if the methyl or ethyl salt is 
heated with alcoholic sodium ethoxide, it is slowly converted into the 
sodium salt of the acid, CH,Ph-C(:NH)-CH(CN)-CO,Na, from which 
the free carboxylic acid can be readily prepared on acidifying. 

B-Imino-a-cyano-y-phenylbutyric acid, when treated with ice-cold 
concentrated sulphuric acid, passes at once into the sulphate of 
1 : 3-naphthylenediamine-2-carboxylic acid, 


CH, 
/\“\o:ni 
<i //OH-CO;H 

CN 


+ H,SO, —> | 
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and, since this salt is readily dissociated by water, the free carboxylic 
acid is obtained on pouring the strongly acid solution on ice. 

8-Imino-a-cyano-y-phenylbutyric acid readily loses carbon dioxide 
on being heated at 140°, and 8-imino-a-cyano-y-phenylpropane can be 
isolated from the product in a crystalline condition. 

This substance, on treatment with cold concentrated sulphuric acid 
passes at once into the sulphate of 1: 3-naphthylenediamine, 

CH, 
(‘ENE -" (Y ‘NE, 


WH lle 
GN NH, 


and it is therefore evident that it is immaterial whether one of the 
hydrogen atoms attached to the a-carbon atom of an imino-nitrile of 
this type is substituted or not in order that the nitrile may be con- 
verted into a naphthalene derivative by the aid of concentrated 
sulphuric acid. It is, of course, essential that one of these hydrogen 
atoms should remain unsubstituted. 


EXPERIMENTAL, 


Methyl B-Imino-a-cyano-y-phenylbutyrate, 
CH,Ph-C(:NH)*CH(CN)-CO,Me. 

This methyl salt was prepared in an attempt to hydrolyse ethyl 
8-imino-a-cyano-y-phenylbutyrate to the corresponding carboxylic acid 
by the aid of the theoretical quantity of potassium hydroxide dis- 
solved in absolute methyl alcohol. The theoretical quantity of the 
alkali was used in this experiment, because it has already been shown 
(Trans., 1906, 98, 1919) that excess of this reagent readily decom- 
poses this ethyl salt into malonic and phenylacetic acids, and, there- 
fore, considerable care had to be exercised in order to prevent the 
disruption of the chain. Ten grams of ethyl B-imino-a-cyano-y- 
phenylbutyrate were added to a solution containing 2°4 grams of pure 
potassium hydroxide dissolved in methyl alcohol, and the solution 
was boiled for one hour. Water was then added, and the solid which 
separated was collected and crystallised from dilute methyl alcohol. 
The methyl salt forms slender, colourless needles melting at 98° : 

0°1573 gave 0°3840 CO, and 00807 H,O. C=6658; H=5-7. 

C,,.H,,0,N, requires C=66'7 ; H=5°6 per cent. 

The transformation of the ethyl into the methyl salt in this experi- 
ment is, excepting for the small quantity of the corresponding ketone 
isolated in the manner described below, almost quantitative. No 
trace of unaltered ethyl salt could be detected in the mother liquors 
from the crystallisation of the methyl salt. 
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Methyl a-Cyano-y-phenylacetoacetate, CH,Ph:CO*CH(CN):CO, Me. 


The alkaline solution, after separating the ‘imino-nitrile in the 
above experiment, on being acidified with hydrochloric acid yielded 
an oil, which rapidly became solid on scratching. It was collected 
and recrystallised from dilute methyl alcohol, yielding long, slender 
needles melting at 53°. The ester dissolves in sodium hydrogen 
carbonate solution with effervescence : 

01612 gave 0°3912 CO, and 0°0754 H,O. C=66:18; H=5:19. 

C,.H,,0,N requires C= 66°3 ; H=5:1 per cent. 

This substance is therefore evidently methyl a-cyano-y-phenylaceto- 
acetate, although the melting point is 8° lower than that given by 
Haller and Blanc (loc. cit.). Although we have subjected the compound 
prepared by us to repeated recrystallisation, we have been unable to 
isolate 2 compound melting higher than 53°. The formation of this 
ketone is quantitative if water is present during the above hydrolysis. 


os ag 
Methyl 1 : 3-Naphthylenediamine-2-carboxylate, | | pila 


/\ /00,Me 
NH, 


This methyl salt was prepared by the action of cold concentrated 
sulphuric acid on methyl f-imino-a-cyano-y-phenylbutyrate. Ten 
grams of the salt were slowly added in a finely-ground condition to 
50 grams of concentrated sulphuric acid, the acid being kept cool 
throughout the operation by means of running water. When all 
had been added, the deep green sulphuric acid solution, after being 
kept at the ordinary temperature for fifteen minutes, was poured on 
ice, and the solution filtered to remove a small quantity of precipitated 
matter. The oil which was precipitated from this solution by the - 
addition of excess of ammonia was then extracted with ether, and the 
deep yellow ethereal solution shaken with dilute hydrochloric acid 
until colourless. The free base was precipitated on rendering the 
hydrochloric acid washings alkaline, and was purified by recrystallisa- 
tion from methylalcohol. Methyl 1 : 3-naphthylenediamine-2-carboxylate 
forms small, bright yellow plates melting at 119°: 

0°2005 gave 0°4891 CO, and 0°0980 H,O. C=6654; H=5-43. 

C,,H,,0,N, requires C=66°7 ; H =5°6 per cent. 

Like the corresponding ethyl salt, methyl 1 : 3-naphthylenediamine- 
2-carboxylate dissolves in dilute mineral acids, forming colourless 
solutions. The hydrochloride is precipitated in white needles from a 
solution of the base in dilute hydrochloric acid on the addition of 
excess of concentrated acid : 
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0°2113 gave 0:2093 AgC]. Cl=24°52. 
C,,H,,0,N,,2HCl requires Cl = 24°56 per cent. 
When ethyl 1 : 3-naphthylenediamine-2-carboxylate is warmed with 
a methyl-alcoholic solution of the equivalent quantity of potassium 


hydroxide, the crystalline potassium salt of 1 : 3-naphthylenediamine. § 


2-carboxylic acid slowly separates (compare Trans., 1906, 89, 1921), 
which yields the corresponding acid, melting at 85°, on acidifying its 
aqueous solution. When the free carboxylic acid is heated at 100°, 
carbon dioxide is evolved and 1 : 3-naphthylenediamine, melting at 96°, 
is produced. 


B-Imino-a-cyano-y-phenylbutyric Acid, CH,Ph:C(:NH)-CH(CN)-CO,H. 


The partial hydrolysis of ethyl 8-imino-a-cyano-y-phenylbutyrate was 
ultimately effected by the aid of an alcoholic solution of sodium ethoxide, 
and it is probable that the mechanism of this hydrolysis is as follows: 
It has already been shown that ethyl 8-imino-a-cyano-y-phenylbutyrate 
reacts only partly with cold alcoholic sodium ethoxide, and that if the 
product is treated with methyl iodide, only a small proportion of the 
ethyl salt is converted into ethyl B-imino-a-cyano-y-pheny|valerate, 
CHMePh*C(:NH)-CH(CN)-CO,Et (compare Trans., 1906, 98, 1922). 
From this experiment, it would appear as if the hydrogen atom of the 
cyanoacetic residue in ethyl 8-imino-a-cyano-y-phenylbutyrate is not 
replaceable by sodium—at any rate, by the action of cold sodium 
ethoxide. It is, however, probable that, on prolonged treatment with 
excess of sodium ethoxide at a higher temperature, a partial replace- 
ment of this hydrogen atom does ensue, and that there is formed a 
disodium derivative of the formula CHPhNa’C(:NH)-:CNa(CN)-CO,Et. 
When this compound is acted on by water, the sodium atom attached 
to the benzyl residue is replaced in the ordinary manner by hydrogen, 
but the sodium combined with the cyanoacetic residue reacts in the 
same way as the sodium derivative of ethyl cyanoacetate, and gives 
the sodium salt of the corresponding acid. For the sake of clearness, 
it may be well to recall the behaviour of the sodium compound of 
ethyl cyanoacetate towards water, which has been previously recorded 
(Trans., 1900, 7'7, 925), and the explanation which was then given ; 
for it was shown that when ethyl sodiocyanoacetate is treated. with 
ice-cold water, no trace of ethyl cyanoacetate is recovered, and the 
solution contains only the sodium salt of cyanoacetic acid. The 
explanation then suggested was in accordance witn the following 
scheme : 


OH 
CN-CH:C<ON! —> CN-CH,"CZORt > ON-CH,-C<® . 


\ONa ONa 


It 
disod 
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It is true that we have no direct evidence of the formation of the 
disodium salt of ethyl B-imino-a-cyano-y-phenylbutyrate to which 
reference has been made above, since an experiment made with the 
object of forming a dimethyl derivative by the action of methyl iodide 
yielded only the monomethy]l derivative ; but in view of the remarkable 
stability of ethyl 8-imino-a-cyano-y-phenylbutyrate towards alcoholic 
potash, this explanation seems to possess a greater degree of probability 
than that which involves the direct hydrolysis of the ethyl salt to the 
sodium sali of the acid, with the consequent formation of diethyl 
ether. 

In order to prepare the acid, the following conditions were found to 
yield the best results: Twenty grams of the ethyl salt were mixed 
with an alcoholic solution of 4 grams of sodium, and the clear 
solution, which must contain sufficient alcohol to prevent the imino- 
nitrile from separating on cooling, transferred to a Carius tube, 
which, after being sealed, was heated at 100° for three hours. The 
product was then poured into water, and the oily mass which separated 
extracted with ether. The ethereal solution was then washed with 
dilute sodium carbonate solution, and the alkaline washings, after being 
freed from ether on-the water-bath, were acidified by means of hydro- 
chloric acid. The oil which then separated rapidly solidified, and, after 
being collected, was recrystallised from alcohol. B-Jmino-a-cyano- 
y-phenylbutyric acid forms colourless prisms melting and decomposing 
at 138°; 

0'1515 gave 0°3617 CO, and 0°0681 H,O. C=65:20; H=5°01. 

C,,H,,0.N, requires C=65°3 ; H=4°9 per cent. 

The acid is soluble in hot water, and can be recrystallised from this 
solvent, but some loss is entailed in the process, owing to the decom- 
position of the acid into carbon dioxide and B-imino-a-cyano-y-phenyl- 
propane. The constitution of the acid was proved by its conversion 
into phenylacetic and malonic acids by the action of excess of aqueous 
potassium hydroxide. The silver salt separates froma neutral solution 
of the ammonium salt on addition of the theoretical quantity of silver 
nitrate solution as a white, microcrystalline precipitate : 

0:2216 gave 00772 Ag. Ag=34°84. 

C,,H,O,N,Ag requires Ag = 34°87 per cent. 

The ethereal solution, from which the above acid had been 
extracted, yielded an oil on evaporation, from which a quantity of 
unchanged ethyl B-imino-a-cyano-y-phenylbutyrate separated on stand- 
ing. The yield of the acid by this process is only about 30 per cent., 
but the crude ethyl salt recovered from the experiment can be used 
again without further purification, and thus a considerable quantity of 
the acid can be readily obtained. 
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Conversion of B-Imino-a-cyano-y-phenylbutyric Acid into 
1 : 3-Naphthylenediamine-2-carboxylic Acid. 


This conversion is readily effected by the aid of concentrated 
sulphuric acid in the following way: Five grams of the acid are 
added slowly to 15 grams of concentrated sulphuric acid cooled in 
ice, and, when all has dissolved, the deep green solution, after being 
kept at the ordinary temperature for fifteen minutes, is poured on 
ice. The acid separates at once as a white precipitate, which, after 
crystallisation from warm water, is obtained in colourless needles 
melting at 85°: 

0°1808 gave 0°4320 CO, and 0°0852 H,O. C=65:17; H=5-21. 

C,,H,,0,N, requires C=65°3 ; H = 4-9 per cent. 

The acid was proved to be 1: 3-naphthylenediamine-2-carboxylic 
acid by the fact that on boiling with water it was slowly converted 
into 1 : 3-naphthylenediamine melting at 96°. 


B-Imino-a-cyano-y-phenylpropane, CH,Ph*C(-NH):CH,:CN. 


This imino-nitrile was prepared by heating f-imino-a-cyano-y- 
phenylbutyric acid above its melting point until the evolution of 
carbon dioxide had ceased, and was isolated in the following manner: 
Five grams of the acid were placed in a test-tube, and heated in a 
bath of sulphuric acid at 140° until the evolution of carbon dioxide 
had finished, an operation which required about fifteen minutes. 
The liquid was then cooled, mixed with a little alcohol, and the 
alcoholic solution filtered. After being decolorised with animal 
charcoal, a little water was added, and, after some time, crystals 
separated slowly from the clear solution. These were collected and 
recrystallised from alcohol, yielding colourless needles melting 
at 48°: 

0°1723 gave 0:4794 CO, and 0:0994 H,O. C=75°88; H=6-41. 

C,,H,)N. requires C=76'0 ; H=6°3 per cent. 

The imino-nitrile is readily hydrolysed by excess of aqueous 

potassium hydroxide, yielding phenylacetic and malonic acids. 


Conversion of B-Imino-a-cyano-y-phenylpropane into 1 : 3-Naphthylene- 
diamine. 


When 3 grams of the imino-nitrile are slowly added to 9 grams of 
well-cooled concentrated sulphuric acid, a pale green solution is 
produced, and, after the lapse of fifteen minutes, a clear solution is 
obtained on pouring the mixture into water. On rendering the 
solution alkaline with ammonia, a crystalline precipitate separates on 
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standing, which, on being collected and recrystallised from hot water, 
yields small plates melting at 96°: 
0°'1687 gave 0°4697 CO, and 0°0972 H,O. C=75:93; H=64. 
C,,H,)N, requires C=76°0; H=6°3 per cent. 
The compound is evidently therefore 1 : 3-naphthylenediamine. 


Part of the expense entailed by this research has been met by a 
grant from the Government Grant Committee of the Royal Society, 
for which we desire to express our indebtedness. 
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Il.—TZhe Optical and Sensitising Properties of the 
isoCyanine Dyes.* 
By Samuet Epwarp Suepparp (1851 Exhibition Scholar). 


THE isocyanines are a class of dyes analogous to the cyanines, but 
derived from quinaldine; their structural formula has not yet been 
clearly established, but it appears that we may assume the presence of 
a quinaldine and a quinoline nucleus. In the course of an investiga- 
tion of their properties as photographic sensitisers, certain results of 
general photochemical interest were obtained, a short account of which 
is here given. 
Absorption of Light by isoCyanine Solutions. 


The measurements were made in an improved form of the Hiifner 
spectrophotometer.tf As a measure of the absorption, the Bunsen 


extinction-coefficient was taken : H=1/d log sm where d is the thick- 


0 


ness traversed, 7, the original intensity of light, and J that after 
absorption. From this, the Vierordt absorption ratio A=C/e is 
obtained, C being the concentration; as units, 1 cm. and grams 
per litre were employed. If Beer’s law holds, the ratio C/e should 
remain constant. Aqueous isocyanine solutions are very sensitive 
towards acid, even the atmospheric carbon dioxide bleaching them, so 
that the measurements were made in alcohol. The absorption-curves 
show two maxima ; that near the red is termed the a-band, the other, 


* Fuller details as to the technical and photochemical results will be found in 
the Photographic Journal (Transactions of the Royal Photographic Society). 

+ The apparatus, etc., is described in the Theory of the Photographic Process, by 
8. E. Sheppard and C. E. K. Mees (Longmans). 
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the B-band. For the dye used, the maxima lay at 540 pp and 575 py 
in alcohol, at 545 uz and 580 wy» in chloroform, at which points the 
measurements were made. The results of three series in alcohol are 
tabulated. 


TABLE I. 


Concentration. A at 540 wu. A at 575 wu. 
0°200 0°001083 —_ 
0°100 0°001149 0700605 
0°050 0°001135 0°00586 
0°025 0°001219 0°00615 
0°020 0°001115 a 
0°0125 0°001309 0°00678 
0°0100 0°001144 0700605 
0°0050 0°001175 0°00608 
0°0025 0°001239 0°00625 
0°00125 0°001395 0°00640 


In spite of some discrepancy, it appears that Beer’s law is followed 
in alcohol and this occurs, although conductivity measurements indicate 
a progressive dissociation. The increase of A in the lowest numbers, 
whilst in the opposite sense to that required by the application of the 
ionic theory, is probably due to the aforementioned influence of carbon 
dioxide. More consistent results were obtained in chloroform. 


TABLE II. 


Concentration. e at 545 wy. A, 


0°1200 1°797 0°001112 
0°0100 0'910 0°001101 
0°0050 0°454 0°001105 
0°0025 0°227 0°001100 
0°00125 0°106 0°001170 


Although carbon dioxide ig more soluble in chloroform, the con- 
centration of the hydrogen ion which produces the bleaching is lower. 
As Beer’s law is followed in alcohol while dissociation is in progress, 
and as solutions in comparatively non-dissociating solvents show the 
same absorption and intensity of colour as those in alcohol and water, 
it is concluded that the absorption of light by solutions of the isocyanine 
dyes is independent of ionisation. On the assumption of a causal con- 
nexion between structure and colour, it always appeared difficult to 
conceive that undissociated molecule and ion should possess the same 
chromophore, and yet one be colourless, the other coloured. The 
position of Hantzsch (Ber., 1900, 33, 278) appears more logical ; a 
change from a colourless to a coloured condition always implies an 
alteration in structure. Green and King (Trans., 1906, 89, 518) 
have shown the inadequacy of the unmitigated ionic theory as applied 
to phenolphthalein. 


PROPERTIES OF THE ISOCYANINE DYES. 


Influence of Solvent. 


It is well known that the absorption spectrum of a dye depends in 
many cases on the solvent. Kundt formulated the rule that the 
absorption is displaced toward the red as the dispersion of the solvent 
increases, but many exceptions have been found. Measurements with 
an isocyanine were made in the following solvents: water (aqueous 
alkali), aleohol, 25 per cent. alcohol, acetone, toluene, chloroform, 
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1. Curve for water. 3. Curve for toluene. 
2. Curve for alcohol. 4, Curve for quinoline. 


quinoline. The results obtained from the absorption-curves were as 
follows : 
Water. Acetone. Alcohol. Toluene. Chloroform. Quinoline. 
575 uu «= 77 me O77 pm 580 uu 583 up 590 wu 
The progressive displacement of the absorption is shown in the 
accompanying curve, 
The result was the same whether the solutions were prepared 
directly or by the addition of concentrated alcoholic solution to the 
VOL. XCV. Cc 
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other solvents. It will be seen that Kundt’s law holds. The author 
is of the opinion that this is an expression of a state of association 
between the solvent and solute, a “ weighting” of the molecule thus 
taking place. The question is more fully discussed in another place, 
as well as its relation to the theory of sensitising. Possibly the action 
of the solvent is of a similar nature to that exercised on the optical 
rotatory power of dissolved substances. 


Relation of Absorption to Constitution. 


The absorption curves of some thirteen isocyanines have been 
measured ; the details are chiefly of technical interest, and are given 
elsewhere. Briefly, it may be stated that increase in the molecular 
weight by the substitution of heavy groups shifts the absorption 
toward the red (Nietzki’s rule). Further substitution in either the 
quinaldine or the quinoline nucleus affects both absorption bands 
simultaneously, although not necessarily to the same extent. On the 
whole, substitution in the quinaldine nucleus appears most effective, 
the alkyloxy-group being the most efficient auxochrome. 


The isoCyanines as Sensitisers. 


Whilst, of course, chiefly of technical moment, the sensitising of 
silver halides by dyes possesses also a more general interest. Theory 
of any kind must explain two sets of phenomena: firstly, the process 
by which the dye is taken up and retained by the halide: secondly, 
the photochemical reaction in virtue of which the halide becomes 
developable on exposure to such wave-lengths as are absorbed by 
the dye. As regards the first, which may be regarded as part of the 
general problem of dyeing, experiments with the ¢socyanines support 
the view that the dye forms an absorption compound with the halide ; 
thus it was found that the most prolonged washing leaves a definite 
proportion of dye associated with the halide, and that the maximum 
effect is secured by removing excess of the dye. When the most 
effective conditions for sensitising had been determined, it became 
possible to compare the sensitising function of a number of %so- 
cyanines. As regards the influence of substitution, it appears from 
comparison of pairs of dyes that the ethyl, methyl, and propyl groups 
are of equal value ; the alkyloxy-group is the most efficient, especially 
in the quinoline nucleus. 


Relation to Light Sensitiveness. 


The isocyanines, like the cyanines, are bleached by light. In 
turpentine the reaction proceeds with a measurable velocity for Auer 
light. Solutions of equal original absorption were taken, and the times 
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which were required to bleach them to one-third of this were 
measured. ‘The reciprocal of this was considered as proportional to the 
light sensitiveness. The issue showed a definite parallelism between 
light sensitiveness and sensitising power. Although this relation 
does not hold when comparing different groups of dyes together, and, 
indeed, it could not be expected to, yet its validity within a group of 
the same constitution indicates that both phenomena depend on the 
same photochemical change in the molecule. 


Relation between the Sensitising and Absorption Spectra of the Dyes. 


Measurements were made of the sensitising curves for seven of the 
dyes. They showed that the sensitising maxima depend directly on 
the maxima in the absorption spectra. The bands are shifted some 
10 to 15 px toward the red compared with the aqueous absorptions, 
the a-band near the red being, in general, displaced more than the 
B-band. Compared with the alcoholic spectrum, the a-band is shifted 
some 10 uz. This displacement may be considered as coming under 
Kundt’s rule. It is evident that the sensitising maxima can be 
predicted from the absorption curves, and that structural changes will 
affect them to the same extent. 


The investigations summarised in the foregoing were carried out 
during the winter and summer semesters of 1906—7 at the Physical 
Institute of the University of Marburg, to the authorities of which 
the writer desires to express his thanks for the facilities afforded him, 
and, in particular, to the Director, Prof. F. Richarz, and to Prof. Karl 
Schaum for their interest and advice. 


IV.—Hydroaromatic Ketones. Part I. Synthesis of 
Trimethyleyclohexenone (isoPhorone) and Some 
Homologues. 


By Arrnaur Wituiam CrossLry AND CHARLES GILLING (Salters’ 
Fellow). 


In an account of the action of reducing agents on 5-chloro-1 : 1-di- 

methyl-A*-cyclohexen-3-one (I) (chloroketodimethyltetrahydrobenzene), 

it has been shown (Trans., 1907, 91, 63) that when the chloroketone 

is acted on by sodium in absolute alcoholic solution, a two-fold reaction 

takes place, the chlorine atom first reacting with the sodium ethoxide 
c 2 
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formed, with production of the substance having formula (II), which ig 
then reduced to 5-ethoxy-1l : 1-dimethyleyclohexan-3-ol (III). This 
unexpected reactivity of the chlorine atom, as exhibited in this reaction, 


CMe, CMe, 


H. of ‘ou, H 0% cu, 
: “ion 6c. Jo-ort  HO-HC. JoH‘or 
CCl Na‘OEt wy, wy, t 
CH CH OH, 


(I.) (II.) (III.) 


seemed to make it of interest to submit chlorodimethyleyclohexenone to 
a series of reactions which would throw light on this point, and with 
this object in view the following experiments were undertaken. 

Iu the first place, chlorodimethyleyclohexenone was heated with 
sodium ethoxide in alcoholic solution, when it gave rise, as expected, 
to the ethyl ether of dimethyldihydroresorcin (II) (Trans., 1899, 75, 
775). 

Although interesting from the point of view of this research, the 
method is not one to be employed for the preparation of this ethyl 
ether, which can be obtained readily and in almost theoretical amount 
by the direct esterification of dimethyldihydroresorcin with alcohol 
and sulphuric acid (Trans., 1908, 93, 640). 

The next reagent tried was ethyl sodiomalonate, which first 
condenses with chlorodimethylcyclohexenone with elimination of 
sodium chloride to give a substance of formula (IV). 


OMe < oH “oo cll OMe, oR” “(och 


CH(CO,Et), OH,*CO,Et 
(IV.) (V.) 


The reaction does not, however, stop at this stage, for one of the 
carbethoxy-groups is hydrolysed, probably by the sodium ethoxide, 
and the resulting carboxyl group loses the elements of carbon dioxide, 
leaving as reaction product ethyl 1 : 1-dimethyl-A*-cyclohexen-3-one-5. 
acetate (V). This type of reaction is not unusual, and as another 
example may be quoted the formation of ethyl phloroglucinol- 
dicarboxylate by the interaction of ethyl malonate and ethyl sodio- 
malonate, where a carbethoxy-group is removed in a similar way 
(Moore, Trans., 1904, 85, 165). 

Ethyl dimethyleyc/ohexenoneacetate is produced to the extent of 
fifty-five per cent. of the theoretical quantity obtainable from the 
chlorodimethyleyclohexenone employed, and its constitution is 
established by analysis, by the fact that it gives a semicarbazone, and 
by the nature of the product obtained from it on hydrolysis with 
alcoholic potassium hydroxide. In the latter case, the free acid (V1) 
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first produced is unstable, and at once loses the elements of carbon 
dioxide, yielding 1: 1 : 5-trimethyl-A*-cyclohexen-3-one (VIT). 


OMe oH Cock ad CMe" “ono 


OH, ‘CO,H OH, 
CVE.) (VII.) 

The net result of the action of ethyl sodiomalonate on chlorodi- 
methyleyclohexenone is, therefore, the replacement of the chlorine 
atom by a methyl group, and the method of preparation leaves no 
doubt as to the constitution of the ketone formed. 

This is the constitution which has been assigned to isophorone as 
obtained from the condensation of acetone by Bredt and Riibel 
(Annalen, 1898, 299, 164) and Kerp and Miller (idid., 193). Further, 
Knoevenagel (ibid., 1897, 29'7, 185) arrived at the same configuration 
for the ketone which he synthesised from mesityl oxide and ethyl 
acetoacetate, and the identity of these ketones with the trimethyl- 
cyclohexenone described in, this communication is ‘seen from the 


following comparison of properties : 
M. p. of semi- 
B. p. of ketone. M. p. of oxime. carbazone. 


Bredt and Riibel ......... 89°/10 mm. 75° and — 
100°/17 mm. 99—100° — 


Kerp and Miiller 98—100°/16 mm. 76—78° — 


Knoevenagel ......... s+ 98°/17 mm. 74—75° 186° 
213—214°/760 mm. 


Crossley and Gilling ... 99°/18 mm. 78° 190—191° 
214°/754 mm. 

Bredt and Riibel obtained on oxidation of their ketone with 
potassium permanganate a crystalline acid, C,H,,O,, a liquid ketonic 
acid, C,H,,0,, and as-dimethylsuccinic acid, and assigned to the two 
former acids respectively the constitutions represented by formule 
(VIII) and (IX). In the case of the acid C,H, ,0,, they proved that it 
was monobasic, but as it did not form a hydrazone or an oxime, they did 
not consider the constitution as definitely established. From such an 
acid, BB-dimethylglutaric acid should be readily obtainable on 
oxidation, but Kerp and Miiller, who treated the ketone with sodium 
hypobromite, definitely state that they could not find #f-dimethyl- 
glutaric acid among the products formed. The oxidation of the 
ketone described in this communication with potassium permanganate 
resulted in the isolation of the same products as mentioned by Bredt 
and Riibel, and as the constitution of the ketone is established by 
synthesis, it follows that the conclusions of Bredt and Riibel as to the 
structure of their oxidation products are correct. But, in addition, it 
is now found that both the acid C,H,,0, and the acid O,H,,0, yield 
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AB-dimethylglutaric acid (X) when oxidised with sodium hypobromite, 
thus affording additional and direct evidence as to their structure. 

Trimethylcyclohexenone therefore gives a series of oxidation products 
represented by the following scheme: 


OMe, OMe, OMe, 
H,C/ SCH, H.C’ cH, H,c/’ Non, 
CH,-C, /co’ —> i Oa . 7 
Ns CH,-CO / CH,-CO CO,H 
GH 60,H : 
(VIII) (1X.) 
CMe, OMe, 
A\o uf. 
H,C/ NCH, —> H,C/ oq 
HO,C 00,H 00,H 
(X.) 


Bredt and Riibel isolated from isophorone two oximes melting 
respectively at 75° and 99—100°, and suggested, in explanation thereof, 
that tsophorone prepared from acetone is not homogeneous, but 
contains an isomeric ketone differing only in the position occupied by 
the double bond, a conclusion also arrived at by Kerp and Miller. 
Knoevenagel, who prepared isophorone by synthesis from mesityl 
oxide and ethyl acetoacetate, states that he could only isolate one 
oxime melting at 75°, whereas Wolff (Annalen, 1902, 322, 380) 
showed that ‘sophorone prepared by Knoevenagel’s method also gives 
the two oximes mentioned by Bredt and Riibel. In view of these 
statements, the oxime prepared from the trimethylcyclohexenone 
herein described has been subjected to a very thorough process of 
fractional crystallisation, but no evidence could be obtained of the 
existence of the oxime melting at 100°, all fractions melting sharply 
at 78°. Nor is this to be wondered at, for it would not appear 
possible for the double bond in the ketone to be in any but one 
position, which fact lends additional support to the suggestion of the 
other mentioned experimenters, that csophorone prepared from acetone 
is a mixture of two isomeric ketones. 

The condensation of chlorodimethyleyc/ohexenone has also been 
carried out with substituted malonic esters, and the reactions proceed 
in an analogous manner to that described above, giving rise to 
homologues of isophorone. Unfortunately, the yields become much 
smaller as the substituting group increases in molecular weight ; thus 
with ethyl malonate 55 per cent. of the calculated amount of 
condensation product was obtained ; with ethyl methylmalonate, 
25 per cent.; with ethyl ethylmalonate, 20 per cent., and with 
ethyl isopropylmalonate, only traces of a condensation product were 
formed. The ketones are obtained from the initial reaction products 
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on hydrolysis in yields of 70 to 75 per cent. of the calculated 
quantity. 
EXPERIMENTAL, 
1. Interaction of Chlorodimethylcyclohexenone and Sodiwm Ethoxide. 


Twelve grams of chlorodimethyleyclohexenone were added to a 
solution of 1°8 grams of sodium in 20 c.c. of absolute ethyl alcohol, 
and heated in a soda-water bottle at the temperature of a boiling- 
water bath for two hours. The dark reddish-brown reaction product was 
poured into water, the aqueous liquid extracted four times with ether, 
the ethereal solution washed with water, dried, and evaporated, when 
a residue of 10 grams was obtained (82 per cent. of theory) which 
rapidly solidified. It was crystallised from light petroleum, b. p. 
40.—60°, after which it melted at 60°, and was found to be identical 
with the ethyl’ ether of 1: 1-dimethyldihydroresorcin previously 
described (Trans., 1899, 75, 775). 


2. Interaction of Chlorodimethyleyclohexenone and Ethyl Malonate. 


Twenty-four grams of chlorodimethylcyclohexenone (1 molecule) 
were added to a mixture of 48 grams (2 molecules) of ethyl malonate 
and 6:9 grams of sodium dissolved in 85 c.c. of absolute alcohol, when 
a vigorous reaction took place, the liquid turning red, and a solid 
separating. The reaction product was transferred to two soda-water 
bottles, which were securely corked, immersed in a water-bath, and 
heated for two hours, when the whole was poured into water, extracted 
four times with ether (aqueous sulution=A), the ethereal solution 
washed with water, and dried. The residue of 60 grams left on 
evaporating the ether was distilled in a current of steam so as to 
remove traces of chlorodimethyleyclohexenone and excess of ethyl 
malonate. The residue of the distillation was then extracted five 
times with ether, the ethereal solution washed, dried, the ether 
evaporated, and the residual oily liquid distilled under 29 mm. pressure, 
when the following fractions were collected : 

Below 170°=1 gram. 180—205°=4°1 grams, 
175—180°=17'5 grams. Residue =2°8 grams. 

The fraction 175—180° was redistilled, and a portion boiling con- 
stantly was analysed : 

0°1637 gave 0°4107 CO, and 01301 H,O. C=6842; H=8-83. 

C,,H,,0, requires C=68°57 ; H=8°57 per cent. 

Ethyl 1 : 1-dimethyl-A*-cyclohexen-3-one-5-acetate, 

CMe? cH 


CH,-CO, Et 
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is a faintly yellow, oily liquid, possessing a slight ethereal odour, and 
boiling at 171°/22 mm. The yield of pure ester is 55 per cent. of the 
amount theoretically obtainable from the chlorodimethyleyclohexenone 
employed. 

The semicarbazone, prepared in the usual manner, separated from 
dilute alcohol in nodules of minute needles melting, after several 
crystallisations, at 156—157° without decomposition : 

0°1094 gave 13:4 c.c. N, (moist) at 11° and 754 mm. N=14:50, 

C,,H,,0,N, requires N = 15°72. 
C,,H,,0,N,°3C,H,"OH requires N = 14°48 per cent. 

The substance crystallises with half a molecule of ethyl alcohol, as 
confirmed by a determination of carbon and hydrogen. 

Hydrolysis of Ethyl Dimethylcyclohexenoneacetate.—Fifty-one grams 
of ethyl dimethylcyclohexenoneacetate (1 molecule) were added to 
an alcoholic solution of 34 grams (2°5 molecules) of potassium 
hydroxide and heated on the water-bath for two hours. The mixture, 
which rapidly turned red and from which a solid separated, was 
poured into water, acidified with sulphuric acid, when a rapid 
evolution of carbon dioxide occurred, and extracted four times with 
ether. The ethereal solution was washed, first with a dilute solution 
of sodium hydroxide, then with water, dried, and, after evaporating 
the ether, the residue was distilled under a pressure of 24 mm., when 
25°5 grams (76 per cent. of theory) passed over at 102°5—103° 
This portion was analysed after a second distillation : 

0°1291 gave 0°3694 CO, and 0°1224 H,O. C=78:04; H=10°53. 

C,H,,0 requires C = 78:26 ; H=10'14 per cent. 
1:1: 5-Trimethyl-A*-cyclohexen-3-one, 
OMes< oy? gH, 
CH, 
is a colourless, refractive liquid, possessing an agreeable slightly 
camphoraceous odour, and boiling at 99°/18 mm., 109°/32 mm., and 
214°/754 mm. 

The semicarbazone crystallises from alcohol in radiating clusters 
of flattened needles, melting to a clear liquid at 190—191°, and giving 
off gas at 195° (Knoevenagel gives the melting point 186°) : 

Found, N= 21°47. C,,H,,ON, requires N = 21:54 per cent. 

The oxime was prepared by dissolving 2 grams of hydroxylamine 
hydrochloride in the smallest possible quantity of water, adding 
absolute alcohol, then 2 grams of the ketone, and neutralising the 
solution with potassium hydroxide. After two days, the whole was 
poured into brine, extracted four times with ether, the ethereal 
solution washed, dried, and the ether evaporated, when an oily residue 
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was left which rapidly solidified. The solid was spread on porous plate, 
and crystallised from light petroleum (b. p. 40—60°), when it separated 
in large, transparent prisms melting at 78°: 

Found, N= 9:08. C,H,,ON requires N = 9°15 per cent. 

A quantity of the oxime prepared according to the directions given 
by Bredt and Riibel was fractionally crystallised from light 
petroleum, but, although a large number of fractions were obtained, 
they all melted in the neighbourhood of 78°, and no evidence of the 
presence of a higher melting oxime could be obtained. 

Oxidation of Trimethyleyclohexenone.—Twenty grams of the ketone 
were suspended in 150 c.c. of water, and a 4 per cent. solution of potass- 
ium permanganate was slowly added, care being taken to maintain 
the whole at the temperature of melting ice. Oxidation was complete 
when 64 grams of potassium permanganate had been used, and, after 
working up in the usual manner, the residual yellow oil, weighing 
24 grams, was distilled under 33 mm, pressure and the following 
fractions collected : 

Below 150°=1 gram. 160—170°= 3:2 grams. 
150—160 =3°6 grams. 170—190°= 2:2 grams. 
190—250°=10°2 grams. 

The first four fractions were redistilled under 30 mm. pressure 
and separated into two main portions boiling at 150—160° and 
160—165°. 

The fraction 150—160°/30 mm., on standing, deposited minute 
needles which, after crystallisation from water, melted at 141°, nor 
was this melting point altered on mixing with pure as-dimethyl- 
succinic acid. The identity of these two substances was further 
proved by the preparation of an anilic acid which melted at 185—186° 
(as-dimethylsuccinanilic acid melts at 186°). 

The fraction 160—165°/30 mm. was again distilled, and a portion 
boiling at 160°/29 mm, analysed : 

0°1191 gave 0°2622 CO, and 0°0935 H,O. C=60°04; H=8:73. 

C,H,,0, requires C = 60°76 ; H = 8°86 per cent. 

Although the analytical numbers do not agree very closely with 
theory, probably due to the presence of traces of dimethylsuccinic 
acid, they are sufficiently good to show that this liquid must be 
y-acetyl-BB-dimethylbutyric acid, CO,H*CH,:CMe,:CH,°CQ-CH, 
(compare Bredt and Riibel), described by Vorlinder (Annalen, 1899, 
304, 19). This was further established by preparing from the acid 
a semicarbazone, which crystallised from alcohol in flattened needles 
melting at 168° with evolution of gas : 

Found, N=19°42. O,H,,0,N, requires N = 19°53 per cent. 
The fraction 190—250°/33 mm. yielded on redistillation 6°5 grams 
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of a viscid liquid boiling at 220—245°/30 mm., which solidified with 
difficulty, and the solid crystallised from benzene in beautiful tri. 
angular plates melting at 98—99°: 


0°1104 gave 0°2351 CO, and 0:0766 H,O. C=58-08 ; H=7-71. 
C,H, ,0, requires C = 58-06 ; H =7°53 per cent. 


This acid is identical with the yy-dimethyl-ae-diketoheptoic acid, 
CO,H:CO-CH,°CMe,*CH,*CO-CH,, described by Bredt and Riibel, who 
were unable to prepare from it a hydrazone or an oxime. The 
present authors were equally unsuccessful in attempting to isolate a 
semicarbazone. 

Oxidation of the Acid, C,H,,0,.—Nine grams of the acid were 
dissolved in 100 c.c. of water containing a slight excess of sodium 
hydroxide, and bromine added drop by drop, the liquid being main- 
tained colourless and slightly alkaline by the addition of more sodium 
hydroxide from time to time. When the addition of bromine caused 
a permanent yellow coloration, which persisted even on the addition 
of a little more sodium hydroxide, the oxidation was stopped, and 
the separated bromoform removed by extraction with ether. Sodium 
hydrogen sulphite was then added in sufficient quantity to destroy 
the excess of sodium hypobromite, the liquid evaporated to a small 
volume, acidified with sulphuric acid, and extracted ten times with 
ether. The ethereal solution was washed with a solution of sodium 
sulphite to remove bromine, then with water, dried, and the ether 
evaporated, when 6°5 grams of solid were obtained. This residue 
was heated with acetyl chloride for two hours, the solvent evaporated, 
and the residue crystallised from benzene, when it melted at 125°, 
This is the melting point of @@-dimethylglutaric anhydride, and the 
identity of the two substances was further established by converting 
a portion into the corresponding acid, which melted at 100—101°, 
nor was this melting point lowered by mixing with an equal quantity 
of pure B8-dimethylglutaric acid : 


C,H,,0, requires C = 52°50 ; H=7-50 per cent. 


Oxidation of the Acid C,H,,0,.—Six and a-half grams of this acid 
were oxidised with sodium hypobromite exactly as described above, 
when 5°5 grams of a solid residue were obtained. After treatment 
with acetyl chloride and crystallisation from benzene, the anhydride 
melted at 124° and the corresponding acid at 100—101°, nor were 
these melting points altered on admixture with pure Bf-dimethyl- 
glutaric anhydride and acid respectively. 

The fraction 180—205° (see p. 23), weighing 4°1 grams, con- 
sisted of a mixture of ethyl dimethyleyclohexenoneacetate and the 
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corresponding dicarboxylic ester, CMe, <n? o> CH, as seen from 
2. ] 


CH(CO,Et), 
the following analysis : 
01365 gave 0°3334 CO, and 0:1069 H,O. C=66°61; H= 8°70. 
C,,.H,,0, requires C= 68°57 ; H=8°57 per cent. 
154900; »  C=63'83; H=7°80 _,, 

Further, when hydrolysed in the manner already described with 
alcoholic potassium hydroxide, it yielded only trimethylcyclohexenone. 

The residue (see p. 23) was a resin, from which, by extraction with 
light petroleum (b. p. 80—100°), a small amount of a white solid was 
obtained crystallising from methyl alcohol in silky needles melting 
at 158°, but the amount was too small for complete investigation. 

The aqueous alkaline liquid A (see p. 23) was acidified with 
sulphuric acid and extracted four times with ether. On evaporation, 
the ethereal solution yielded 2°3 grams of a white solid crystallising 
from dilute alcohol in white, feathery needles melting at 141°. 

For a long time it was not found possible to suggest a formula for 
this substance, as it was naturally thought to contain only carbon, 
hydrogen, and oxygen. In reality, it contains nitrogen also, and its 
formation is due to the fact that the ethyl malonate used contained 
appreciable quantities of ethyl cyanoacetate. Indeed, when this 
latter ester is employed instead of ethyl malonate in the original 
condensation, the substance melting at 141° becomes the main reaction 
product, and its exact nature is at present under investigation.* 


3. Interaction of Chlorodimethylcyclohexenone and Ethyl 
Nethylmalonate. 


Fifty-two grams of ethyl methylmalonate (2 molecules), prepared 
according to the directions given by Perkin (Trans., 1896, 69, 1477), 
were mixed with a solution of 69 grams of sodium in 85 c.c. of 
absolute alcohol, 24 grams of chlorodimethylcyc/ohexenone added, and 
the whole worked up exactly in the manner described on p. 23. 
The crude substance, after two distillations under 30 mm. pressure, 
gave the fractions : 174—180°, 9:1 grams ; 180—210°, 2°6 grams. 

The fraction 174—180° was redistilled, and a constant boiling 
portion analysed : 

0:0982 gave 02500 CO, and 0:0825 H,O. C=69°43; H=9°33. 

C,,H. 0, requires C= 69°64 ; H=8°93 per cent. 

* The ethyl malonate used in these experiments was purchased from Messrs. 
Kahlbaum, who inform us that it is practically impossible to prepare ethyl malonate 
directly from cyanoacetic acid so as to be entirely free from ethyl cyanoacetate. 


The firm will, however, shortly place on the market ethyl malonate free from 
nitrogen under the name: ethyl malonate ‘‘ Kahlbaum.” 
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Ethyl a-1:1-dimethyl-A*-cy ciohexen-3-one-5-propionate, 
OMes< oy? o> OH, 
CH,*CH°CO,Et 
is a colourless, refractive liquid, boiling at 180°/33 mm., and possessing 
a fatty odour resembling that of castor oil. 

The fraction 180—210° consisted doubtless of a mixture of the 
preceding ester and the corresponding dicarboxylic ester, for on 
hydrolysis with alcoholic potassium hydroxide it yielded the dimethy]l- 
ethyleyclobexenone described below. 

Hydrolysis of Ethyl Dimethyleyclohexenonepropionate.—Fifteen grams 
of the ester were hydrolysed with 10 grams of potassium hydroxide, 
and, after working up in the manuer described, the reaction product 
was distilled under 30 mm. pressure, when nearly the whole (7°5 grams) 
boiled between 123—124°. Aftera second distillation, it was analysed : 

0°1058 gave 0°3050 CO, and 0:1037 H,O. C=78:62; H=10°88., 

C,,H,,0 requires C= 78°94 ; H=10°53 per cent. 
OMey< on" “oon 
CH CH, 
is a colourless, refractive liquid, boiling at 122°/29 mm., and _ possess- 
ing a pleasant camphoraceous odour. 

The semicarbazone, prepared in the usual manner, crystallised from 
dilute alcohol in fattened needles which, after several crystallisations, 
melted at 197° with evolution of gas: 


01040 gave 18°7 c.c. N, (moist) at 752 mm. and 195°. N=20°38. 
C,,H,,ON, requires N = 20°10 per cent. 


1: 1-Dimethyl-5-ethyl-A*-cyclohexen-3-one, 


4. Interaction of Chlorodimethylcyclohexenone and Ethyl 
Ethylmalonate. 


Fifty-five grams of ethyl ethylmalonate, 6:9 grams of sodium in 
85 c.c. of absolute alcohol, and 24 grams of chlorodimethyleyclo- 
hexenone were employed in this experiment. The resulting liquid 
was distilled at 32 mm. pressure, when 71 grams, boiling at 
180—190°, and 1°5 grams, boiling at 190—220°, were obtained. 

The fraction 180—190° was redistilled and analysed : 


0°1019 gave 0°:2627 CO, and 0:0870 H,O. C=7030; H=9-48. 
C,,H,.0, requires C=70°59 ; H =9-24 per cent. 


Ethyl a-1 : 1-dimethyl-A‘-cyclohexen-3-one-5-butyrate, 


OMe<oi" “o> cH 


6. H, ‘CH: CO,Et 
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is an almost colourless oily liquid, boiling at 185°/30 mm., and 
possessing a fatty odour. 

The fraction 190—220° corresponds with the similar boiling 
portion obtained in the preparation of the lower members of this 
series of esters. It is doubtless a mixture of the monocarboxylic and 
dicarboxylic esters, for on hydrolysis it yielded the dimethylpropy]l- 
cyclohexenone described below. 

Hydrolysis of Ethyl Dimethyleyclohexenonebutyrate.—This was 
carried out as with the preceding esters, when 70 per cent. of the 
theoretical amount of 1: 1-dimethyl-5-propyl-A‘-cyclohexen-3-one, 
OMe, <C> OH 

C3H, 
125°/19 mm., and possessing an agreeable camphoraceous and celery- 
like odour : 

0:1146 gave 0:3340 CO, and 071129 H,O. C=79'49; H=10°94. 

C,,H,,0 requires C=79°52 ; H=10°84 per cent. 

The semicarbazone crystallised from dilute alcohol in rosettes of 
flattened needles, melting at 156° with slight decomposition, and 
giving off gas at 190°: 

0:1047 gave 16°8 c.c. N, (moist) at 753 mm. and 13°. N=18°77. 

C,,H,,ON, requires N = 18°83 per cent. 


, was obtained as a colourless liquid, boiling at 


Attempts to effect the condensation of chlorodimethylcyclohexenone 
and ethyl isopropylmalonate were also made, but, although traces of an 
ester were obtained, the yield was so small as to render the method 
of no practical utility as a means of obtaining the higher members of 
this series of hydroaromatic ketones. 


The authors take this opportunity of expressing their thanks to the 
Research Fund Committee of the Chemical Society for a grant which 
has, in part, defrayed the expenses of this investigation. 


ResEARCH LABORATORY, PHARMACEUTICAL SOCIETY, 
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V.—The Decomposition of Carbon Diomde by the 
Silent Electric Discharge. 


By AtrreD Hott, jun. 


In 1885 Shenstone described an experiment * to the Physical Society 
which illustrated the changes that occur in the nature of an electric 
discharge passing between parallel glass plates. 

When the glass surfaces were about 1 cm. apart, the discharge 
consisted of a few large sparks like those produced by an induction 
coil. On diminishing the distance between the plates, the sparks 
became more numerous. 

When the distance between the plates was about 1 mm., the 
sparks became fewer, anda glow made its appearance. If the air 
between the plates was moist, the glow vanished and the sparks 
reappeared. 

A similar change was observed in the discharge when oxygen was 
substituted for air, but the glow was feebler. 

The investigations of Lenard on the chemical effects brought about 
by ultra-violet light (Ann. Physik, 1900, 70, 486), and the 
researches undertaken by many experimenters with induction sparks, 
point to the conclusion that the silent discharge acts by reason of 
ultra-violet light as well as by the heating effects produced by the 
sparks occurring under certain conditions. 

Since the decomposition of moist and dry carbon dioxide both 
by sparks and ultra-violet light has been investigated, it seemed 
to the author that a study of the action of the silent discharge 
on this gas would throw additional light on the nature of the discharge 
itself. 

Brodie has shown that carbon dioxide dried over sulphuric acid 
is decomposed into carbon monoxide and oxygen, and that a very 
large proportion of the oxygen thus produced is ozonised (Phil. Zrans., 
1874, 164, 83). 

The action of sparks has been examined by several authors, 
particularly by Dixon (Trans., 1885, 47, 571) and Collie (Trans., 
1901, 79, 1063). Their results show that the gas is decomposed 
whether moist or dry, and that the shorter the spark and the 
lower the pressure of the gas the larger is the amount decom- 
posed. 

Chapman, Chadwick, and Ramsbottom (Trans., 1907, 91, 942), 
in studying the chemical action of ultra-violet light, found no action 


* This experiment is described at the end of a paper published in conjunction 
with Cundall (Trans., 1887, 51, 610). 
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on moist carbon dioxide; the dry gas, however, was decomposed to an 
extent which varied inversely with the pressure. 

In the present research, only the amounts of carbon monoxide and 
oxygen produced in the decomposition were determined, the apparatus 
employed proving unsuitable for the estimation of the ozone. The 
oxygen was always found to be more or less ozonised. In a future 
communication, the author hopes to give some details concerning 
the amount of ozone produced during the decomposition of carbon 
dioxide by the silent electric discharge under varying conditions of 
pressure and dryness. 

The apparatus employed in the present investigation is illustrated 
in Fig. 1. 


The carbon dioxide was obtained by heating pure sodium hydrogen 
carbonate in the vessel C; B, and B, were long U-tubes filled with 
phosphoric oxide; A was the ozoniser ; If a manometer. The tubes 
containing the phosphoric oxide were removed during the experiments 
with moist gas, but the apparatus was otherwise unaltered. In the 
experiments with the dry gas, a drop of sulphuric acid was placed on 
the top of the mercury column in the manometer in order to protect 
the bright surface of the mercury from the action of ozone. When 
experimenting with the moist gas, a drop of water replaced the 
sulphuric acid, as it served both to protect the surface of the mercury 
and to saturate the gas with water vapour. 
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The method of carrying out an experiment was as follows: the 
whole apparatus was evacuated, the tap D was shut, and B, and B, 
filled with carbon dioxide. The tap / was then closed, and the gas 
allowed to dry in contact with the phosphoric oxide for at least 
twelve hours, 

The tap D was now opened, and the gas passed into the ozoniser, 
the pressure being read on the manometer. The taps Z and D were 
shut, and the space between them and the pump evacuated. 

The silent discharge was passed through the gas in the ozoniser 
until the pressure, as indicated by the manometer, became constant. 
The tap Z was then opened, and the gas pumped out and analysed. 

The decomposition of dry carbon dioxide is shown by the curve 
in Fig. 2. The amount of gas decomposed varied inversely as 
the pressure. 

The actual decomposition at any one pressure varied, alterations in 


Fig. 2. 
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the degree of dryness of the gas and intensity of the discharge 
producing considerable changes. As a result of a large number 
of experiments, the greatest percentage of carbon dioxide is decom- 
posed when the gas has been very carefully dried and the discharge is 
strong. 

Similar experiments were carried out with ozonisers, in which the 
annular space through which the discharge passed varied from 0°5 mm. 
to 5 mm. in breadth. 

It was found, ceteris paribus, that the narrower the space the 
greater is the decomposition. 

The numbers given below were obtained in one series of experi- 
ments, in which the gas was as far as possible of uniform dryness 
and the discharge of constant intensity. 


Pressure in mM. ...........0.+ 30 60 165 235 300 388 652 
Percentage decomposition ... 48°4 35°9 31°0 21°38 199 164 2°6 
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Entirely different results were obtained with the moist gas, the 
decomposition becoming greater as the pressure increased. 

The following numbers show the actual amount of decomposition 
recorded in one series of experiments, the curve in Fig. 3 repre- 
senting the mean of all the values obtained for different pressures, 

Pressure iN MM. .......06ee008 50 85 220 355 448 525 628 

Percentage decomposition... 3°8 4:0 65°5 8'1 103 185 14°0 

As in the case of the dry gas, a weak discharge, or the use of an 
ozoniser with a wide annular space, diminished the amount of 
decomposition. 

An examination of the results shows that dry carbon dioxide is 
decomposed by the silent discharge to about the same extent as by 
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sparks or ultra-violet light, but that the moist gas decomposes quite 
differently. 

‘wo explanations can be given of the behaviour of the moist gas, one 
resulting from the interaction of the decomposition products, the 
other from changes occurring in the nature of the discharge itself. 

If the following series of reactions took place in moist carbon 
dioxide to an extent varying inversely with the pressure of the gas, 
the decomposition would be greater as the pressure increased. 

2CO, = 200+ 0, 
30, = 20, 
0, + CO= CO, + O,. 

But Remsen and Southworth (Ber., 1875, 8, 1414) have shown that 
ozone and carbon monoxide do not react together under varying 
conditions, and the author has also carried out some experiments with 
these gases at diminished pressures and obtained negative results ; it 
would seem, therefore, that this cycle of reactions does not take place 
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to any appreciable extent. Changes taking place in the discharge 
itself afford the simplest explanation of the behaviour of the moist 
gas. 

It seems probable that in the moist gas the discharge at low 
pressures consists almost entirely of ultra-violet light, but as the 
pressure increases, more and more sparks occur in the discharge, and 
bring about the decomposition of the gas. 

The changes which Shenstone observed when the discharge passed 
through a moist atmosphere are exactly in accordance with this view, 
the sparks becoming more numerous in a wet gas and with increasing 
pressure. 

CHEMICAL LABORATORIES, 
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VI.—The Absorption Spectra of para-Benzoquinone, 
Quinol, and Quinhydrone in the State of Vapour 


and in Solution. 
By Watter Nort Hartiry Anp Atrrep Goprrey Gorpon LEonarp. 


THE absorption spectra of p-benzoquinone, its mono- and di-oximes, 
and its chloroimide and dichloroimide were examined by Hartley, 
Dobbie, and Lauder (Brit. Assoc. Report, 1902, 107), and compared 
with the various structural formule which had been proposed for 
these substances. 

The spectra of p-benzoquinone were found to differ widely from 
those of its derivatives, but it was difficult to form a decided opinion 
whether this was due merely to a difference in composition or to some 
definite structural difference. A comparison of the curves of p-benzo- 
quinonechloroimide and p-nitrosophenol, which substances differ by 
substitution for a hydrogen atom, of chlorine in the one case, and of 
hydroxy] in the other, was expected to disclose such a resemblance or 
.@ difference between them as might be observed between p-benzo- 
quinonedichloroimide and jp-benzoquinonedioxime; the difference 
proved to be much greater in the one case than in the other, so much 
so that it did not favour the representation of p-nitrosophenol 
(p-benzoquinoneoxime) by a formula similar to that of p-benzoquinone- 
chloroimide. Hence, it would appear that the absorption phenomena 
are complicated probably by the dynamic isomerism of the isonitroso- 
complex. In general terms, it may be said that p-nitrosophenol yields 
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a curve showing two absorption bands; p-benzoquinonechloroimide 
differs from’ this by its curve showing one band only ; the dichloro- 
imide has one band, the dioxime also one, but it is of greater width 
and intensity than that of the dichloroimide. 

The powerful oxidising properties of p-benzoquinone when submitted 
to the action of light in presence of polyhydric aliphatic alcohols and 
of ethyl alcohol in particular were referred to, and alcohol was con- 
sidered unsuitable as a solvent for p-benzoquinone, because of its 
liability to reduce this substance to quinol (Ciamician and Silber, 
Ber., 1901, 34, 1350). On that account, the solutions of p-benzo- 
quinone then already examined had been prepared with water. 

Experiments with an aqueous solution of p-benzoquinone prepared in 
a dark room were repeated by one of us in the year 1902, subsequent 
to the publication of the Report mentioned, and it was found that the 
action of light speedily changed the colour of the liquid from yellow 
to brown, which was deemed to be evidence of a decisive change in 
chemical composition, leading to the production of some substance not 
pre-existing in the solution. From a comparison of the curves for 
p-benzoquinone and quinol, it was believed that quinol was produced. 

Baly and Stewart (Trans., 1906, 89, 506) regard water as an un- 
satisfactory solvent, because it is a substance wih strong residual 
affinity, and in the examination of organic substances it is the 
influence or properties of residual affinity which is the subject of 
investigation. They point out that the absorption curve of p-benzo- 
quinone in alcoholic solution is entirely different from that observed 
by Hartley, Dobbie, and Lauder in the aqueous solution. The 
examination of more highly concentrated alcoholic solutions showed 
an absorption band lying between 1/A 1950 and 2800, which they 
term the isorropic band. As regards the aqueous solution, they say 
that apparently an additive product is formed; the isorropic band 
shrinks, and a benzenoid band makes its appearance at 7/A 4000. 
Thus there are three bands in the absorption spectrum of p-benzo- 
quinone in aqueous solution. 

These results are in agreement with the unpublished observations 
referred to above as being made in the year 1902. It was, however, 
seen that there is a great probability that both the alcoholic and aqueous 
solutions of p-benzoquinone yield quinol, and that the band of quinol 
appears as the second band in these spectra. Further work in this 
direction was held in abeyance until the completion of experiments on 
the absorption spectra of substances in the state of vapour, 
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Part I. 


The Absorption Spectrum of p-Benzoquinone Vapour at Different 
Temperatures, 


As the effect of different solvents appears to lead to a change in the 
absorption spectrum of p-benzoquinone, and because the colour of the 
compound is remarkable, it became desirable that we should ascertain 
the absorption spectrum of the substance itself, to what extent the 
colour was due to any very definite absorption band, and, further. 
more, to show the relationship between the spectrum of the substance 
in a state of vapour and in solution in an inert solvent. 


EXPERIMENTAL. 


The spectra of the vapour were obtained by means of the tube 
apparatus employed in examining the vapour spectra of benzene and 
its homologues at different temperatures and pressures, but the flask 
for liquids was removed (Phil. Trans., 1908, A, 208,475). A weighed 
quantity of pure crystallised p-benzoquinone was introduced into the 
tube, and gradually vaporised by raising the temperature. Exposures 
were made at definite intervals, during which the temperature of the 
bath was kept constant, and the pressure inside the tube after 
heating allowed to attain to atmospheric pressure. In case any 
gas might be present which could act chemically on the vapour, 
pure dry carbon dioxide was passed through the apparatus to expel all 
air, and further operations were performed in this neutral gas. 

In two series of spectra there were twenty-seven bands in all, 
although at no one temperature between 17° and 147° were more than 
eight bands visible. 

The p-benzoquinone weighed 0°0094 gram; it was contained in a 
tube, 150 mm. in length, which was filled with dry carbon dioxide. 
The whole of the substance could not have been entirely vaporised 
at 70°. The numbers bracketed represent wave-lengths on each 
side of a band. Where there is but one measurement, the band 
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Series I—(continued). 
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The weight of p-benzoquinone was 0°0726 gram, and with this 
larger quantity the whole of the crystals were not vaporised until the 
temperature of 147° had been attained. As before, the atmosphere of 
the tube was carbon dioxide. 

Abbreviations.—d. Diffused ; f. faint ; sh. sharp ; s. strong ; b. broad. 
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General Remarks.—-In the spectra at the lower temperatures and 
with the smaller weight of y-benzoquinone, it will be observed that 
all the bands are situated in the most refrangible rays beyond 
A 2600. Beyond the bands there is a general absorption, which 
increases in extension with rise of temperature into the region of 
less refrangible rays; at the same time, other bands make their 
appearance. 

In Series II, where the quantity of substance was nearly eight 
times as large, and the temperature finally attained was 147°, the 
changes are of the same nature, that is to say, the general absorption 
creeps up with rise of temperature into the less refrangible rays, and 
at the same time new bands develop, 


The Absorption Spectrum of Quinol Vapour at Different Temperatures 
_ tn an Atmosphere of Hydrogen containing Alcohol Vapour. 


0°0081 Gram of quinol was heated in the metal tube, but was not 
all vaporised. The quinol was quite pure, consisting of colourless 
crystals which had undergone no change in properties after condensa- 
tion from the vaporous state. No p-benzoquinone was formed. 


Abbreviations.—/. Faint ; s. strong ; v.s. very strong. 


. II. 
Temperature. Absorption band at Absorption band. Rays transmitted to 
A. A. A. A. 
2538 f. 2396 to 2332 2144°5 
2538 f. 2402 ,, 2334 2144°5 
2538 f. 2425 ,, 2321 2144°5 
2538 v.s. — _ 2430 
2538 v.s. — _ 2435 


III. 
Absorption band, 
A. A. 
2538 s. 2949 to 2680 2442 
2538 v.s. 2949 ,, 2680 2449 
2538 v.38. 3011 ,, 2680 2496 
2538 s, 3039 ,, 2647 2510 
2538 v.38. 3066 ,, 2575 2530 
2538 f. 3080. ,, 2575 2538 
—_ 3080 ,, 2575 _ 


The spectrum is characterised by (1) a very narrow, but well- 
defined, absorption band at \ 2538; (2) a broad band ranging from 
AX 2396 to 2332 at 70°, and (3) one from A 3080 to 2575 at 170° 
The second band, with its centre at \ 2364, is not well shown when 
the solid is vaporised in air or carbon dioxide, but it appears when 
the quinol is vaporised in hydrogen, and more strongly when the 
hydrogen is mixed with alcohol vapour. 

It would appear from this that the band is really a quino! band, 
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On examining the spectrum of pure quinol in aqueous solution, it is 
seen that there is a weakening at this part of the spectrum ; in fact, a 
feeble absorption, but no well-defined band. The band at A 2538 is 
more persistent in this series of photographs than in those taken from 
quinol vaporised either in air or in carbon dioxide, probably owing 
to the decreased extent of the general absorption under the former 
conditions. Special measurements were made of this band when the 
quinol was vaporised in air. At different temperatures above 100°, 
it becomes very strong and broader, 


Measurements af the Fine Band in the Absorption Spectrum of 
Quinol Vaporised in Air. 


Abbreviations.—/. Faint ; s. strong ; v.s. very strong, 


22°, 50°, 100°. 110°, 120°. 130°, 

A. A. A. A. A. ,s 
2538 f. 2538 2538 2538 2539 ) 2539 ) 
pa sss Y* 2538 f* 3537°5f"* 25375"  o537-55%% 


At 140° the band becomes merged in a general absorption. It will 
be seen that the band extends slightly on both sides as the tempera- 
ture rises ; in this respect it differs from the vapour bands of the 
hydrocarbons. Where two numbors are bracketed, it means that 
micrometer measurements were made on each side of the band, but if 
the numbers are the same, it means that the band was too narrow to 
make a difference in linear measurements equivalent to 1 Angstrém 
unit. 


The Absorption Spectrum of Quinhydrone Vapour in Air at Different 
Temperatures. 


The weight of quinhydrone taken was 0°05 gram; this was not 
entirely vaporised, but the vapour condensed was apparently quite un- 
changed. The fine, but very narrow, absorption band characteristic of 
quinol vapour at A 2538, which is observed as faint at 22° and strong 
at 100°, did not appear. It might have been expected that it would 
be photographed if the substance underwent dissociation when vapor- 
ised ; it is therefore inferred that dissociation did not take place. 
The broader quinol band commencing about A 2900 does not appear 
very strongly, but this may be explained by the increased intensity of 
the general absorption hereabouts. 
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Temperature. Absorption band. Rays transmitted to 
A. A. A. 
— — 2144°5 
2373 to 2332 2144°5 
2401 33% 2144°5 
2425 3: eae 
2430 ,, 2: 2144°5 
— 2430 
— 2456 
_— 2469 
— 2474 
* Rays weak from 
A. A. A. 
2949 to 2568 2544 
2973 ,, 2573 2572 
Rays weak beyond 2973 2572 
— 3073 
— 3073 
— 3073 


* This feeble absorption corresponds with the principal band of quinol, but it is 
somewhat narrower, see p. 38, at temperatures 120° to 140°, 


Part II. 


The Absorption Spectra of Solutions of p-Benzoquinone, Quinol, and 
Quinhydrone. 


p-Benzoquinone.—This was prepared by resubliming a fine specimen 
procured from Kahlbaum ; it was obtained in feathery groups of large 
crystals. 

The solutions were all prepared in the dark room and exposed to 
red light only. Past experience of one of us has shown that it is 
necessary to photograph the spectra immediately after the solutions 
have been prepared, and to record the concentration and thickness 
of the layers of solution examined. 

p-Benzoquinone in Absolute Alcohol.—Five different solutions were 
prepared, and series of spectra photographed on five different plates, 
but they are all comprised in a series of twenty-four spectra on 
one plate. The tabulated statement below shows the concentration 
of the different solutions prepared and the thicknesses through which 
the photographs were taken. 

5 milligram-mols. in 100 c.c. ... 100 70 50 40 30 20mm. 


1 milligram-mol.in 100 ,, ... 50 40 30 20 10 5 4 3 2 Imm. 
”” s» 2500 ,, .. 20 15 10.5 4 8 2 1mm. 


p-Benzoquinone in Water.—The freshly-prepared aqueous solutions 
were of the same concentrations, and examined through the same 
thicknesses as above. 

In the case of the aqueous solution which had been kept for eight 
days exposed freely to daylight, the concentration of 1 milligram- 
mol, in 100 c.c. was examined and diluted with water to 500 c.c. 
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and to 2,500 ¢.c.; the thicknesses examined were 50, 40, 30, 20, 15, 
10, and 5 mm. 

p-Benzoquinone in Anhydrous Ether.—In addition to the concentra- 
tions and thicknesses of solution being the same as those of the 
alcoholic solutions, a series of photographs and also eye observations 
with the spectroscope were made on a solution of 25 milligram-mols. 
in 100 c.c. at thicknesses of 100, 70, 50, 40, 30, 20, 10 mm. 

Quinol in Water.—The absorption curves of this substance having 
been drawn and described previously, only the following solutions 
were examined ; 


1 milligram-mol. in 100 c.c.... 40 30 20 10 5 3mm, 
SG a ee ae oe oe oe ee 
Quinhydrone in Water.—The concentrations prepared were the same 
as for quinol, but the thicknesses of liquid examined differed ; these 
were respectively for the former and the latter : 


50 40 30 20 10 5 4 38 2 1 mm. 
and 20 15 10 e+ oe 3 2 1 mm. 


Quinhydrone in Alcohol.— 
5 milligram-mols, in 100c.c. ... 100 70 50 40 30 20 10mm. 


1 milligram-mol. in 100 ,, .. 40 30 20 10 5 4 3 2 1mm, 
1 ts s Be sw HF Bee so <€ 3 2 Fim. 

When freshly-dissolved in alcohol, ether, and water, y-benzoquinone 
yields a pale yellowish-green solution.: This, however, changes in sun- 
light toa greenish-brown, and subsequently to a deep red colour, in 
the case of both the alcoholic and aqueous solutions. The ethereal 
solution, on the other hand, remains unchanged for a very much 
longer period than the others, and the alcoholic is not so rapidly 
altered as the aqueous solution. 

The Solution in Alcohol.—The absolute alcohol purchased was dried 
with a small quantity of freshly-ignited quicklime, filtered, and redis- 
tilled. On photographing the solutions, it was found that the absorp- 
tion curve differed from that given in the Brit. Assoc. Report, in so 
far as the band with centre about !/A 3400 does not appear strong in 
the alcoholic solution, but has the character of a considerable exten- 
sion of the spectrum. The other two bands in the less and more 
refrangible rays, with centres about 1/A 2400 and 1/A 4100 respectively, 
are well shown. 

The Aqueous Solution.—The absorption for the aqueous solution does 
not agree with the curve given in the Report already referred to; the 
band at 1/A 3400 does appear, but it is not at all as persistent as there 
represented, 

This may be accounted for, first, by the more recent solution having 
been prepared while protected from the action of daylight, and 
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secondly, by the much shorter period during which the solutions were 
exposed to the action of the rays of the spark when photographing 
the spectra, The other bands at '/\ 2400 and '/A 4100 are strong. 
The Ethereal Solution.—The band in the less refrangible rays is 
seen to be strong as far as '/A 1500; no band appears at !/A 3400, 
and the band in the more refrangible rays, 1/A 4100, is almost the same 
as in the alcoholic solution, 
The measurements of the absorption bands cannot be read from Figs, 
1 and 2 showing the curves of the respective solutions, The solution 
bands are compared with the vapour bands on p, 48, and also with the 
solution bands of quinol. The following table will greatly facilitate 
reference to the curves : 
Orange. Green. 
————, Yellow. —-"-—— Blue, Violet, 
B. C. Dd. E. F. G. H. 
1455 1528 1696 1897 2056 2321 2519 
6867 6562 5892 5269 4860 4307 3967 


J 


Ultra-violet solar lines. 
M. N. 0. P. Q, R. S. ra U~7 


Wa... 2542 2618 2683 2793 2907 2976 3044 3145 8225 3311 3396 
A ... $933 3&20 3727 3580 3440 3360 3285 3179 3100 3020 2947 


A Comparison of the Solution Spectra. 


The significance of the curves and the manner in which the 
properties of the solutions may be interpreted from them is of 
particular interest in the case of p-benzoquinone on account of the 
great range of the spectrum traversed, which is almost all that can 
be photographed through a quartz train and a solvent such as alcohol. 
Another feature of these spectra is the extraordinary extent of dilution 
to which the solution may be submitted before all the distinct bands 
become visible. Taking the curveof p-benzoquinone in ether (Fig. 1), the 
red rays as far as C and a little beyond are absorbed, then the rays 
are transmitted nearly as far as Z, the line slopes towards a point 
half-way towards F at !/\ 1975, and beyond this all rays are absorbed ; 
when viewed by transmitted light, therefore, the solution is of a bright 
reddish-golden colour. Where the curve passes through O and beyond 
U, there is an extension of the spectrum observed in a] three solutions 
of p-benzoquinone. The rays between !/A 4300 and 4/A\ 4650 are trans- 
mitted, but a band is shown between '/\ 3950 and 1/A 4300. Whereas 
the last band is measurable through no more than from 2 to 5 mm., 
the absorption in the green, blue, violet, and ultra-violet, or of 
all rays more refrangible than Z, is at a proportional thickness of 
62,500 mm. of a solution containing only 0°108 gram or 1 milligram- 
mol. in 2500 c.c., or a gram-molecular weight in 2500 litres. 

The principal difference between the fresh solution of p-benz0- 
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quinone in water and in ether is a great transmission of the green 
rays to beyond F or 1/A 2100. The red rays are mixed therefore 
with more green, and the colour thus appears more distinctly 
greenish, Where the curve of the aqueous solution reaches a point at 
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Solution-spectra. 


Q, a difference of a very significant character is seen in a sudden 
extension from 1/A 3040 to 1/A 3650. In other instances, this has 
been shown to be evidence of a tendency in the solution to change in 
constitution, and cause the formation of a substance with a band in 
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the position of this extension. The curve of quinol in aqueous solution 
has its band in approximately this position (see Fig. 2). 

The curve of the solution of y-benzoquinone in alcohol differs widely 
from that in ether ; it shows the solution to be much less transparent, 
and that no rays are transmitted less refrangible than D ; at a some- 
what greater thickness, the only visible rays transmitted lie near Z 
between 1/A 1850 and 1/A 1975, the proportionate thickness being 
10,000. This is very different from the ethereal solution at 62,500, 
where the orange, yellow, and green are still freely transmitted. In 
fact, near C,1/A 1560, to Q, 1/A 3000, the ethereal and the aqueous 
solutions resemble each other more closely than either of -them 
resembles the alcoholic solution, It is beyond !/A 3000 that the 
extension of the spectrum of the aqueous solution suddenly occurs, 
which is the chief element of difference in the curve. 

When the aqueous solution has been exposed to sunlight, the result- 
ing curve is full of interest, because of the evidence it affords of the 
change in constitution of the solution. The band lying between F 
and J still remains, but is greatly modified, being much shallower ; 
between S, or 1/A 3200, and 1/A 3650 there is a distinct, but very 
shallow, band, coincident in position with that of quinol. 

The peculiarities in the absorption of the visible rays in the spectra 
of solutions of p-benzoquinone in ether, alcohol, and water call for 
some remarks. For instance, it was observed that the greenish- 
yellow colour of p-benzoquinone in ethereal and alcoholic solutions 
was not due to any well-defined band. Such solutions as were 
distinctly yellow or greenish-yellow showed no line of demarcation 
in the visible rays between absorption and transmission either on 
photographs or when controlled by eye observations. This was the 
meaning conveyed in a previous communication, when the colour was 
attributed to a general absorption in the visible spectrum. When the 
solution is yellow, this is caused by a greater absorption of the blue, 
green, and red rays than of the yellow, which are freely transmitted. 
In the brown aqueous solution of p-benzoquinone there is a quenching 
of the bright red, orange, and yellow, with a transmission of the red, 
and a full transmission of the green, but with absorption of the blue 
and violet. The solution is coloured by a mingling of red and green 
rays, which produce brown, but, notwithstanding the darkness of the 
colour, it was impossible to say where the spectrum terminated in the 
red. Bands which appear in the spectra of highly concentrated 
solutions, when they are due to the carbonyl group, have not such 
sharply-defined boundaries as those generally observed in benzenoid 
derivatives. 

Recurring to the absorption spectra of the solutions of quinol and 
quinhydrone, also of p-benzoquinone in ether, alcohol, and water 
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respectively, the chief point of difference between the latter appears 
to reside in the tendency of p-benzoquinone to undergo reduction to 
quinol, and consequently to form quinhydrone, being different in the 
three solvents. In ether, the band believed to be due to quinol at 
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Solution-spectra. 


1/. 3100 to 3600 does not appear at all; in alcohol the same band 
takes the form of an extension of the spectrum. This is the usual 
appearance when a substance is undergoing change, as has already 
been observed in some of the diureides and other tautomeric substances 
when the change has not become pronounced. 
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In the aqueous solution, the band is definitely shown, but it rapidly 
disappears on dilution. The p-benzoquinone solutions exhibit a 
remarkable transparency for rays about '/A 1750, namely, near D, and 
in the case of the ethereal solution these rays are still transmitted 
through 100 mm. of a solution containing 25 milligram-molecules in 
100 c.c. 

A comparison of the absorption curve of quinhydrone with those of 
p-benzoquinone and quinol (Fig. 2) shows at first sight what appears 
to be evidence that the union of the two molecules C,H,O, and 
C,H,(OH), is not of a very firm or binding nature, for each part 
of the quinhydrone molecule exhibits its own absorption spectrum 
almost as completely as if the two substances composing it were 
photographed separately and the one photograph superposed on the 
other, or as if the action of the solvent had split the molecule into: 
two. Thus the curve shows the band of p-benzoquinone with centre: 
at 1/X 2400, the quinol bana at 1/A 3400, and the further p-benzo- 
quinone band at 1/A 4100. Moreover, these bands are shown at 
almost the same concentrations as for p-benzoquinone and quinol 
respectively, but with these significant differences, that the bands 
are shifted very slightly towards the red end of the spectrum, and the 
two bands in the less refrangible rays begin to appear at less thick- 
nesses than they do in the spectra of p-benzoquinone and quinol, in 
fact, in the coloured rays the absorption is much altered. The band 
in the more refrangible rays is unaffected, because at the greati 
dilution at which it appears, the general absorption has ceased to 
affect the spectrum. The band in the quinhydrone spectrum, corre- 
sponding with the p-benzoquinone band at 1/A 2400, is rather broader 
than it appears to be in pure p-benzoquinone. 

By the comparison of the spectra of the ethereal solution of p-benzo- 
quinone with those of the same substance in alcoholic solutions, it is 
clearly proved that alcohol is not a suitable solvent, because the 
p-benzoquinone tends towards reduction to quinol, even when no 
measurable quantity can be found to have actually undergone 
reduction. 


Proof of the Reduction of p-Benzoquinone in Aqueous Solutions. 


A solution of p-benzoquinone in water, exposed to sunlight during 
twenty-four hours, still contained p-benzoquinone, On boiling and 
evaporating to dryness, crystals resembling quinol were seen with the 
microscope lying amidst the blackish-brown, amorphous residue, On 
tha addition of ferric chloride and boiling, a pronounced odour of 
p-benzoquinone was observed. Further proofs were obtained when 
operating on a large quantity of p-benzoquinone boiled with water; 
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This evidence confirms the view that the p-benzoquinone undergoes 
reduction, and that the second band in the absorption curve is the 
band corresponding with quinol. Furthermore, that when the band 
is pronounced, it is due either to quinol or to quinhydrone in the 
solution. The occurrence of quinol in the brown substance produced 
by warming a p-benzoquinone solution with sodium acetate was 
observed by Hesse (Annalen, 1883, 220, 365), who extracted it by 
dissolving it in ether, The formula for quinhydrone is 
HO:C,H,°0-0-C,H,°OH. 


The Occurrence of a Reversible Reaction, C,5H,(OH), — C,H,0, + H,,. 


When comparing the absorption spectra of p-benzoquinone in a 
state of vapour with those of the solutions of p-benzoquinone in ether, 
it was found that a series of vapour bands lying between AA 3051 and 
2839 had no corresponding solution bands. The solution band of 
quinol, extending from A 3128 to A 2573, was found, however, just to 
cover the series, and accordingly the vapour spectrum of quinol was 
photographed to ascertain whether quinol vapour actually exhibits a 
band at A 2900, as, if so, this would account for its occurrence in the 
p-benzoquinone vapour spectrum by a simple chemical change. 

(I). Quinol (0°0081 gram) was heated in the metal tube, and its 
spectrum photographed at different temperatures. After the first 
series of photographs had been taken, it was observed that white 
light entering the tube became distinctly yellow, owing to the colour 
of the contained vapour, and on cooling, this was accounted for 
by finding that an appreciable quantity of p-benzoquinone separated 
out in the crystalline form. The contents of the tube in this and 
other similar experiments had the pungent odour of p-benzoquinone. 

(IL). Solid quinol was then vaporised in an atmosphere of dry carbon 
dioxide, this being a neutral gas, and also in hydrogen, as it was thought 
that any chemical interaction in this case would be one of reduction. 

In both cases, p-benzoquinone was formed, but the quantity formed 
in the hydrogen atmosphere was small. 

(III), As a more suitable reducing atmosphere, hydrogen mixed 
with aleohol vapour was next employed, when it was found that 
under these conditions no p-benzoquinone was formed. These 
observations were repeated, and the spectrum of pure quinol obtained 
in this manner shows a powerful band of absorption extending from 
A 3080 to A 2875, corresponding, therefore, with the solution band 
lying between A 3128 and A 2573. 

The following tabulated statement enables one to compare the 
spectra of p-benzoquinone and quinol in a state of vapour with 
p-benzoquinone in solution. 


Measurements in Wave-lengths and Oscillation Frequencies of the Bands in the 
p-Benzoqumone Solution Spectra which Correspond with Groups of Bands in its 
Vapour Spectra and likewise with those in the Vapour Spectra of Quinol: 
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Thus it has been proved that p-benzoquinone has a tendency to 
change into quinol, and quinol unquestionably is converted into p-benzo- 
quinone until there is an equilibrium between the two at temperatures 
about 150°, in the sense of the following equation : 


C,H,(OH), == C,H,0, + H.. 


In order to make sure that the quinol examined should be quite free 
from p-benzoquinone, a strong aqueous solution was prepared, and 
sulphur dioxide was passed into it until the yellow, crystalline compound, 
(C,H,0,).,(SO,)o, separated ‘out ; this was collected, and boiled with 
distilled water to expel sulphur dioxide from the solution ; on cooling, 
quinol separated in beautiful, colourless needles. This sample was 
used for the first vapour spectra, which were photographed from 
quinol vaporised in air, and a further sample was recrystallised from 
water containing sulphur dioxide. From the method of preparation 
and the care exercised, no p-benzoquinone could possibly have been 
present as an impurity in the crystallised quinol. 

Examination of the Substance obtained from the Aqueous Solution of 
p-Benzoquinone.—An aqueous solution of 0°44 gram or 5 milligram- 
mols, of p-benzoquinone in 100 ¢.c. was kept for about a month. A 
brown solution and a precipitate of similar colour gradually formed. 
The solution appeared to be muddy, and from the fact that no filtering 
process could render it clear, it was evidently of a colloidal character, 
The dark brown precipitate is soluble in hot water, but again the 
liquid is not clear, and, on cooling, much of the solid separates as before. 
The substance thus produced dissolves in sodium hydroxide solution, 
yielding a clear reddish-brown liquid. It dissolves in alcohol, also yield- 
ing a similar solution, which, when evaporated to dryness, leaves a dark 
brown, amorphous residue devoid of crystalline character. This 
residue, when extracted with ether, partly dissolves, forming a red 
solution,, which yields, on evaporation, an amorphous, reddish-brown 
residue. The reddish-brown powder, when washed with water on a 
filter, forms a dark red solution, which, on adding 2N-hydrochloric or 
sulphuric acid, deposits a reddish-brown precipitate easily soluble in a 
solution of sodium hydroxide. 

It appears to be identical with the original compound deposited from 
p-benzoquinone solutions. When examined under the microscope, the 
powder is seen to be of a coarsely flocculent nature, showing no trace 
of crystalline structure even after some days. On mixing the 
moistened substance with chloroform, a treatment which in similar 
cases admits of the presence of two substances being discovered by the 
microscope,* there was no trace of another compound to be seen. The 

* I have frequently employed, with advantage, this method of disentangling 
crystalloid from amorphous substances, and of eparating crystalloids of different 
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substance was not a mixture, but a homogeneous, flocculent, colloidal 
colouring matter. Neither sulphur dioxide nor carbon dioxide when 
passed into solutions of the brown powder caused any apparent change, 
It dissolves in nitric acid to a clear yellow liquid, {which becomes 
yellcwish-brown on addition of sodium hydroxide. With a mixture 
of nitric and hydrochloric acids, a yellow, crystalline precipitate is 
formed and the solution becomes green. 

The residue from the evaporation of an ethereal solution is partly 
soluble in water, and, on heating it with a solution of ferric chloride, 
a strong reddish-brown coloration is produced. The crystalline sub- 
stance resembles tetrachloro-p-benzoquinone, and the ferric chloride 
reactién suggests a hydroxyl (phenolic?) derivative, as also does the 
solubility in sodium hydroxide, with precipitation therefrom by 
neutralisation with an acid. 


The Decomposition Products of p-Benzoquinone. 


Several grams of p-benzoquinone were boiled with 3 litres of 
water in a flask with a reflux condenser attached, for a period of 
twenty hours. A considerable quantity of the brown substance 
separated, which was filtered off, washed four times with water on a 
pressure filter, and then dried. 

The filtrate was boiled as long as there was any further precipita- 
tion, but only a small additional quantity of substance was obtained, 
After the second filtration the liquid gave no odour of p-benzoquinone 
when boiled, but after the addition of ferric chloride solution, it 
smelt strongly of that substance. The liquid very rapidly reduced 
Fehling’s solution. These reactions, in connexion with those pre- 
viously described, demonstrate the production of quinol. Since by 
boiling the filtrate there was no evidence obtained of the presence of 
p-benzoquinone, there could have been no quinhydrone in the liquid. 
But as quinol is one of the products from p-benzoquinone, the’ original 
substance, at some intermediate stage, quinhydrone must have been 
formed, therefore when, as {in this case, the reaction has been carried 
to completion, the last molecule of quinhydrone must have been 
reduced to quinol. 

The brown precipitate, when purified, did not reduce Fehling’s 
solution, nor was it oxidised by ferric chloride into p-benzoquinone. 

On endeavouring to dissolve the brown powder in alcohol in order 
to make a molecular-weight determination, it was found to be only 
partly soluble. ‘The residue was insoluble in ether, but readily 


characteis as, for example, in proving that, in addition to the chief product mur- 
exide, a mixture of two different colourless substances resulted from the interaction 
of alcoholic ammonia and alloxan (W. N. Hartley, Trans., 1905, 87, 1807). 
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soluble in sodium hydroxide solution. It thus appears that this 

’ colloidal substance had altered in solubility on keeping, probably by 
coagulation. When heated in a glass tube, the dried powder charred, 
and an odour resembling that of phenol was perceived, whilst reddish- 
brown needles condensed on the cool sides of the tube. Solution of 
these in water gave a precipitate with bromine water, which was 
apparently tribromophenol. 

The Composition of the Brown Substance.—The colloidal nature of 
the compound rendered it difficult to purify. Out of four combustion 
analyses, two yielded percentages of carbon and hydrogen corre- 
sponding satisfactorily with the formula C,,H,0; : 

Found: (1) C=62°08; H=3°46. (2) C=62°05; H=3-44. 

C,.H,O; requires C = 62°06 ; H=3°44 per cent. 

The other two agreed more nearly with C,,H,O; : 

Found : (1) C=62'56 ; H=3:08. (2) C=62°31; H=2°94. 

C,,.H,O, requires.C = 62°33 ; H=3:03 per cent. 


The formula C,,H,O,; is probably the more correct. 


Conclusions. 


1. The absorption spectrum of p-benzoquinone has been obtained 
by vaporising the dry crystals in air at temperatures varying between 
17° and 147°. 

2. The only suitable solvent in which the true spectra of p-benzo- 
quinone at all concentrations can be observed is pure dry ether, and 
from photographs of the ethereal solutions the molecular vibration 
curve has been drawn. 

3. Under the action of sunlight and ultra-violet rays, an interaction 
between the solvent alcohol and the solute p-benzoquinone occurs, 
which leads to the reduction of p-benzoquinone to quinol; its effect 
on the visible spectrum causes an absorption between C’ and a point 
approaching #, with consequent change in the colour of the solution. 

4. Water is a solvent less suitable than alcohol, inasmuch as the 
chemical interaction takes place more rapidly and readily, yielding a 
sirongly-coloured brown substance along with quinol. 

5. Evidence of the chemical reactions induced by the solvents 
alcohol and water was first afforded by the molecular vibration curves, 
and from similar evidence it has been concluded that quinhydrone does 
uot undergo dissociation when dissolved in alcohol, for, although it 
shows absorption bands corresponding with those of both its 
constituent substances, the bands have undergone considerable 


modifications, 
E 2 
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6. A reversible reaction occurs according to the following equation: 
C,H,O, —— C,H,0,+H,, when p-benzoquinone vapour is heated in air 
at 147° at atmospheric pressure. When heated in hydrogen, the 
quantity of p-benzoquinone produced is diminished. Its formation is 
completely prevented by the presence of alcohol vapour. 


Roya CoLLece or Science, DuBLIN. 


VII.—The Constitution of para-Benzoquinone. 


By Water Noet Hart ey. 


In 1905 it was shown that the formula for benzene as proposed by 
Kekulé might be reconciled with those of Armstrong and von Baeyer 
(Trans., 1905, 8'7, 1822). It was, furthermore, explained how the 
chemical fproperties of p-benzoquinone could be accounted for by 
the double ketonic formula occurring once as a phase in the vibre- 
tions within the molecule, with the peroxide formula occurring as 
another phase twice, so that in successive periods two different 
chemical reactions would be possible with the same molecule, con- 
ferring on it a dual character. From the evidence obtained during 
the investigation of p-benzoquinone, quinol, and quinhydrone ina 
state of vapour and in solution, and of vapour spectra and solution 
spectra of benzene and its homologues (Phil. Trans., 1908, A, 208, 
475), it now appears certain that neither p-benzoquinone nor 
quinol are compounds with a fixed and settled constitution in the 
strict sense of their usual symbolic representations, or the interpreta 
tions of them. 

In the spectra of p-benzoquinone in a state of vapour and dissolved 
in water, there are two very characteristic absorption bands, on¢ 
at each end of the spectrum ; that in the visible region is due to the 
ketonic complexes, the second is to be ascribed to the benzenoid 
nucleus. In solutions in ether and alcohol the benzenoid band is not 
evident at first sight, because, from its diffuse character, it is difficult 
to ascertain its termination, but it does not extend to A 2194. Had 
this absorption been observed merely in solution spectra, its bear- 
ings on the question of the formula and constitution of p-benzoquinone 
would have much less importance than if it were identified with 
benzene by an examination of the vapour spectra. 

It is necessary to point out that in both the vapour spectra and 
solution spectra there are two kinds of absorption which are sharply 
defined and may be differentiated, namely, the general absorption 
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caused by the translatory kinetic energy of the molecules, and 
selective absorption due to vibrations of the atoms or atom complexes 
within the molecule. These deductions are based on evidence afforded 
by observations on the effects of temperature and pressure on the 
vapour spectra of benzene (loc. cit.). 

It has been proved experimentally that increase of mass, of density, 
and of temperature operate in the same manner on the rays entering 
a column of benzene vapour ; in the first place, the general absorption 
is increased by an extension towards the visible rays, and it is also 
intensified ; in the second place, the bands of absorption broaden, 
become diffuse, and coalesce. As the bands attributed to the internal 
vibrations of the parts of the molecule in different isomeric hydro- 
carbons become diffuse and coalesce, partaking of the character of the 
general absorption, and as this is not confined to one part of the 
spectrum, namely, to the less refrangible of the transmitted rays, but 
is a selective absorption, it cannot be due to simply a loading of the 
molecule; if it were, then it would be impossible to distinguish 
between the three isomeric xylenes so as to identify them by a simple 
inspection of their absorption spectra, or even to distinguish them 
from ethylbenzene. 

It may be conceived to be due, in part, to an irregularity in the 
motions of the molecules, such as would arise from encounters 
between unsymmetrically shaped bodies ; or if of symmetrical form, 
such as vortex rings or spheres, the rings or spheres being not 
throughout of uniform density ; in other words, the distribution of 
mass within the molecule being different for each isomeride. 

The same effect on the spectrum as that due to a want of uniformity 
in the distribution of the mass of the parts within the molecule could 
be brought about by periodic contractions and expansions occurring 
within it. 

It is conceivable that it might be caused by a transference of a 
part of the intramolecular energy to the kinetic energy of the 
molecule, the intramolecular vibrations being actuated by the radiant 
energy of the spark. 

If the variations in the distribution of the masses within the 
molecule, which have been likened to contractions and expansions, do 
not result in any loss of energy, there must be a transference of 
chemical energy from point to point in the molecule, and each contrac- 
tion must lead to augmented chemical activity. 

To make this easily understood, it is necessary to point out once 
more the endothermic character of benzene, and compare it with that 
of another endothermic molecule, namely, ozone (Trans., 1893, 63, 
243), 

The reaction 30, = 20g, as implied by the formulx, is accompanied 
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by increased density and by contraction in volume, with a greater 
chemical activity. At the same time the stability of the molecule is 
lessened, and its absorption of both the ultra-violet and the visible 
rays is enormously increased, the spectrum in the ultra-violet being 
characterised by a broad and powerful band. 

The vibratory motions within the molecule of benzene may lk 
correlative with the transference of chemical energy from poiat to 
point in the molecule, that is to say, successive pairs of carbon atoms, 

Compounds are either endothermic or exothermic according as they 
gain or lose energy in their formation, and as we cannot dissociate 
matter from energy, a compound in solution in the state of vapour o 
liquid may appear to be essentially different in constitution from its 
condition as a solid, although this may really be only a question of 
degree. In fact, we know now how frequently substances when 
dissolved undergo changes in properties, which are explained by 
hydrolysis, ionisation, and tautomerism or desmotropy. The divers 
chemical reactions exhibited cannot be represented by any single 
structural formula for each such substance ; and the large number of 
organic compounds to which on rational grounds more than one 
formula may be assigned, for instance, all dyes and coloured substances 
for which various quinonoid formule have been proposed, appear to 
have one physical characteristic in common, in that they are all 
endothermic compounds, or in cases where a series of compounds may 
on the whole be exothermic, they will be found to contain complexes 
of an endothermic character, and these are the most chemically active 
parts of the molecule. q 

Such substances are benzenoid derivatives, oximino-ketone rings, 
diureides, and certain open-chain compounds with keto-ethylenic 
linkings, first examined by Wallach (Nachr. K. Ges. Wiss. Gattingen, 
1896, 1), and later by Baly and Desch (Trans., 1904, 85, 1029). 

In a change of this nature, where a complex which is exothermic 
becomes one which is endothermic, it follows that there must bea 
transference of the energy with which the latter is endowed to 
another atom or complex which has an exothermic value, and so on 
with successive atoms and complexes continuously. The effect of this 
transference of energy would be to confer on the six carbon atoms of 
benzene something like equality in so far as it would be impossible 
to associate the energy (free energy according to the expression of 
v. Helmholtz) with any individual carbon atoms, and hence we arrive at 
a constitution for the benzene molecule the special properties of 
which are intended to be represented by the centric formula. 

Supposing that a substance is in such a condition that it is neither 
enolic nor ketonic, it is evident that the molecular vibration curve 
will afford no conspicuous evidence of one or the other isomeride, but 
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it might be expected to exhibit a feeble character common to both of 
them or tending towards one of them. Let us consider how this would 
appear on the molecular vibration curve when a well-defined absorption 
band is characteristic of one of the forms which a substance might 
assume ; in the first place, the band, if it appear at all, would be ill- 
defined, and it would be a shallow band easily extinguished by dilution. 
It would appear with larger concentrations than those of either the 
enolic or ketonic form. Let us then suppose that we have a means 
of converting it into an enolic compound by the addition of some 
suitable reagent, then the enolic form becomes pronounced in the 
character of the curve, the boundary of the band is sharper, the band 
itself is more intense, and it extends through a greater range of con- 
centrations, This is exactly what we find with certain oximino-ketone 
compounds and diureides (Hartley, Trans., 1905, 8'7, 1791), also with 
phthalic anhydride (Hartley and Hedley, Trans,, 1907, 91, 314), in 
presence of water, 

It is striking in the case. of violuric acid and its sodium salt, in uric 
acid and lithium urate, and in the series.of reactions involved in the 
conversion of alloxan into murexide (Trans. Sixth International 
Congress of Applied Chemistry, Rome, 1907, 3, 397 ; Trans., 1905, 87, 
1791, 1798),* 

Let us, however, suppose a compound to be composed of two parts, 
one of which is ketonic and the other enolic, both of a very pronounced 
type, then by dissociation in solution the spectrum curve would show 
the spectra belonging to each molecule as if the two were mixed, or 
the curve of the one were superposed on the other, and if the 
characteristic bands were far apart, there would be no interference of 
one with the other. 

In the event of there being no dissociation, we should still expect to 


* Since the above passage was written, the British Association Reports on 
Dynamic Isomerism, 1907 and 1908, have been perused, wherein a most interesting 
account is given of the action of a third substance in determining isomeric changes. 
Ina neutral solvent it appears that the change is not spontancous, but is deter- 
mined by the presence of minute traces of alkaline impurities. Such an instance 
has been described by me in the case of ‘violuric acid (Trans., 1905, 87, 1798). 
T. M. Lowry expresses the opinion that it is very doubtful whether the process of 
“band shifting” or desmotropy described by Stewart and Baly as isorropesis 
(Trans., 1906, 89, 498) could occur in pure neutral solvents in the absence of a 
catalytic agent, as probably water and even alcohol are effective in causing such 
changes, and Baly has suggested some change by the action of water on p-benze- 
quinone. As already shown in the preceding paper, it undergoes reduction in 
ultra-violet light. When experimenting on vapours the case is different, and it is 
only by intramolecular vibrations that the numerous bands observed in the absorp- 
tion spectra of the substances can be accounted for, but the presence of another gas 
or vapour will determine the nature of the change, as in the case of p-benzo- 
quinone and quinol. 
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find the ketonic and enolic bands in the curve, but modified to some 
extent in neither being so pronounced as in the original constituent 
substances. 

Now a substance fulfilling these latter conditions is quinhydrone, 
An aqueous solution, freshly prepared from p-benzoquinone, shows 
two bands, one at great concentration at the red end and another at 
very small concentrations in the ultra-violet, but there is an inter- 
mediate point between the two, almost coincident with a band of 
quinol, although somewhat more extended towards the red, where 
there occurs a marked extension of the spectrum, like a very shallow 
band, which is evidence of a tendency to form a band at this position, 
At the least refrangible end, red and yellow rays are transmitted 
(see curve p. 45). 

Let us now take quinol ; the characteristic band extends through a 
considerable range of concentrations, but it is confined strictly within 
definite bounds. 

With quinhydrone in aqueous solution, we have all three bands, the 
two of quinone and the one of quinol, a combination of the two curves, 
with some modifications in the bands. 

Thus the band in the blue is less intense, and it is widened out 
towards the red so as to absorb the intermediate rays mueh more 
strongly, and as far as C they are absorbed, the less refrangible rays 
being transmitted. The result is that, at similar concentrations, quin- 
hydrone is much more strongly coloured than p-benzoquinone, and from 
observations of the curve its colour is evidently green. The continuation 
of the curve then follows that of p-benzoquinone until it approaches the 
position of the quinol band, when it undergoes a slight modification, 
and the band of quinol is well developed, but it becomes somewhat 
narrower and more intense, and the second well-defined band of 
quinone, far in the ultra-violet, is evident. These are all the essential 
elements of the two curves, but with some considerable modifications 
in the visible spectrum which show that the molecule has not under- 
gone dissociation. 

If we turn to the p-benzoquinone aqueous solution, it is seen that 
there is an extension of the spectrum in or about the position of the 
quinol band, analogous to that observed in phthalic anhydride, but in 
this case it is indicative of a tendency to form quinol. In the spectra 
of the old solution, the band is slightly more pronounced, and we have 
evidence in this case that quinol is produced, because it has been 
actually found in the solution. 

On examining the curve for the alcoholic solution of p-benzoquinone, 
it will be seen that, although there is no band similar to that of quinol, 
there is an extension of the spectrum, which indicates a tendency to 
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form a band at this point, that is to say, there is a tendency to form 
quinol. With the ethereal solution of p-benzoquinone,: this has 
practically disappeared. All three solutions indicate the benzenoid 
pand (see Fig. 1, p. 43). 

We now arrive at the discussion of the constitution of the p-benzo- 
quinone molecule. 

It has already been shown that it may be simply a double ketone 
consisting of two chromophoric groups, *C:O°C:C:, common to 
certain open-chain compounds, and, therefore, not necessarily con- 
stituted on a benzene ring; but against this view, it may be pointed 
out that the spectrum would show only a keto-enolic band, of 
particular intensity or width, it is true, but without the character of 
those bands which are derived from benzenoid compounds. 

It must be admitted that the dynamic constitution of benzene is 
now founded upon such facts that it has passed the stage of a mere 
hypothesis, and as p-benzoquinone in a state of vapour assumes the 
potential properties of a double ketone, a peroxide, a dihydroxy- 
benzene, and benzene itself, according as we correlate the different 
bands in its absorption spectra with its chemical properties under the 
action of light, and in presence of hydrogen, or of oxygen, this can 
only arise from the vibratory motion of the atoms within the 
molecule. 

Having arrived at this decision, it remains for me to present the 
final proof of p-benzoquinone being constituted on the benzene 
nucleus. This would be attained if the numerous bands in the vapour 
spectrum of p-benzoquinone could be identified with similar bands in 
the spectrum of benzene. Accordingly, the bands already tabulated in 
the foregoing paper were compared with the corresponding bands in 
the spectrum of benzene taken from table VII, p. 506, in the Phil. 
Trans. (loc. cit.). It will be seen that the fifteen bands in the p-benzo- 
quinone spectrum are easily identified with similar bands or pairs of 
bands in the spectrum of benzene. 

Furthermore, a careful examination of the bands comprising this 
third group shows that, with the exception of A» 2527 (see p. 
516, loc. cit.), there are no corresponding bands in the vapour 
spectra of toluene, ethylbenzene, and the three xylenes; they 
must therefore be attributed to vibrations within the p-benzoquinone 
molecule, that is to say, within the benzene nucleus, and not to the 
translatory kinetic energy of the molecules (see p. 521, loc. cit.). 

Comparison of the wave-lengths of the bands composing the vapour 
spectra of p-benzoquinone and benzene respectively, which cor- 
respond with the absorption in the most refrangible rays observed in 
their solution spectra. 
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Abbreviations, s, strong; /, fine; sm, strong narrow; vs, very 
strong ; v f; very fine. 


p-Benzo- p-Benzo- 
quinone Benzene quinone Benzene 
vapour vapour vapour vapour 
bands. bands. bands. bands. 
A. A. A. A. 
2527°5 2527 s. 2408 2409 s. 
23 22 s. 06 07 vf. 
21 21 f. f 2399°5 00 s. 
f 05°5 06's. L 91°5 
L ol 80°5 2379 f. 
2499°5 2499 s, { 76 also 77 f. 
{ 96 96 s, 75 75 s, 
56 54 s. { 70 alsc 72 s, 
{ 49 48 f. f 59 58 f, 
f 38 39 s, L 54°5 
L 29°5 30 s. { 54 52 vf. 
22°5 23 sn., also 21 s. 50 
{ 19 19°5 s. 47°5 49 vf. 
16 155 vs. { 43°5 44 s, 
{ 13 13 


To account for the great difference between the spectrum of p-benzo- 
quinone and that of other benzene derivatives, it is necessary to 
contrast the effect on the absorption spectra consequent on the 
replacement of hydrogen in benzene by other hydrocarbons (the 
coalescence of the narrow bands, etc.) with the effect of the ketone 
complex in substances other than benzene, such as oximino-ketones, 
diureides, and camphor. The presence of the carbonyl group is 
characterised by a broad absorption band, which appears only in com- 
paratively large concentrations, and soon disappears after dilution, 
but with two such bands in the molecule the absorption is naturally 
intensified. By the combined effect of two such characteristic 
absorption phenomena in the one molecule, we arrive at the curve for 
p-benzoquinone. 

I may add that the further investigation of the reversible reaction 
mentioned in the previous communication is being now carried out in 
order to ascertain the conditions of equilibrium. 

Conclusions.—Taking into account the previous work on p-benzo- 
quinone and its derivatives, p-benzoquinone-chloroimide, -dichloroimide, 
p-benzoquinone-oxime and -dioxime, with its chemical reactions as a 
powerful oxidising substance under the influence of light, and the 
more recent experiments on the vapour and solution spectra, of 
p-benzoquinone, quinol, and quinhydrone, there appears to be now no 
doubt that p-benzoquinone is a benzene derivative. 

Furthermore, that it is possessed of a dual character in the sense 
that the function of the molecule can be either that of a double 
ketone or of a peroxide, according to circumstances. 
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It is evident that a similarly dual character belongs to many other 
penzenoid and keto-ethylenic compounds, of which tautomerism, 
dynamic isomerism, fluorescence, and colour are particular manifesta- 
tions, 
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VIIL—The Electrical Conductivity of Phosphoric Acid. 


By Harry Epwarp WIitii4m Puixiips, M.A., B.Sc. 


Untit the recent work of Jones, Getman, and Bassett, the only 
information as to the conductivity of ortho-phosphoric acid was to 
be found in the few determinations of Arrhenius and the first work 
of Kohlrausch, who made conductivity measurements of nine strengths 
of acid at 18°. 

In these measurements, no particulars are given as to the method 
of preparing the acid, except that Jones and Getman state (Zeitsch. 
phystkal. Chem., 1904, 46, 244) that they obtained it in a “ well- 
crystallised condition” and that the lower concentrations were 
obtained from the ‘‘ standardised mother-solution by dilution.” 

In the present work, the following was the method used to prepare 
the pure acid. Phosphorus trichloride twice redistilled was mixed 
very slowly with specially purified water, the flat porcelain dish in 
which the addition was made being floated on cold water during the 
operation. It was found that, if the addition was made too rapidly, 
a discoloration was produced, which at the end of the preparation was 
seen to be due to a fine powder suspended in the liquid. The 
phosphorous acid was then heated until it gave no precipitate with 
silver nitrate. It was then oxidised by cautious addition of pure 
dilute nitric acid, when an active effervescence ensued, Nitric acid 
was eventually added in slight excess, and evaporation continued until 
all this was expelled. 

The acid thus prepared was a transparent, colourless substance, 
Analysis showed the absence of iron, arsenic, lead, cadmium, sulphuric, 
nitric and hydrochloric acids. Gravimetric analysis showed con- 
cordance with the percentage indicated by its specific gravity. The 
100 per cent. acid did not crystallise, even on cooling to 0°, but one 
specimen of 43°26 per cent., after some time, began to crystallise, 
and:on adding a portion of this solution containing crystals to the 
other high percentage samples, crystals were obtained. These crystals 
were small and apparently soft, almost gelatinous. ‘They disappeared 
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on gentle heating, and on no other occasion were they formed 
spontaneously. The 100 per cent. acid does not affect ‘litmus paper, 
and is without action on sodium carbonate, 

Analysis.—To analyse the acid, the lead oxide gravimetric method 
used by Watts (Chem. News, 1865, 12, 160) in his density 
determinations was adopted. Pure lead oxide was prepared from 
lead nitrate thrice recrystallised, and when thus prepared and 
protected from organic matter, it could safely be heated in a platinum 
crucible. The operation consisted in merely adding to a weighed 
quantity of oxide a weighed quantity of the phosphoric acid solution, 
and heating until all the water was expelled, It was found difficult 
at first to obtain successive concordant weighings, but this was found 
to be due to the method of weighing, the platinum crucible being 
placed on the bare pan. Two pairs of light blown glass bottles with 
ground hollow stoppers and without necks were made for the 
platinum crucibles, so as just to accommodate them, one of each 
pair being used as a counterpoise, and the other containing 
the crucible. By this means the glass surface presented on 
both pans of the balance was equal, and the weighings became 
concordant. 

The pyknometer employed was the bottle-shape, with thermometer 
stopper and side capillary tube with cap. Sprengel’s shape was tried, 
but the viscosity of the higher strengths of the phosphoric acid made 
it impracticable in use. To make a specific gravity determination, the 
acid was run out of the cell into the bottle, which was then‘ trans- 
ferred to a thermostat with a revolving vane, 

The Water.—The water used throughout the experiments was 
distilled by a modification, devised by Manley, of the apparatus de- 
scribed by Jones andMackay (Zeitsch. physikal. Chem., 1897, 22, 237). 
Ordinary tap-water is boiled in a conical copper flask, and the steam 
passed through a second flask, which contains acid permanganate. 
This flask is also heated by a small flame. The steam then passes into 
a third flask, which contains acid permanganate, and on leaving this, 
the steam is condensed in a block-tin condenser. There is also a trap 
which prevents regurgitation. 

. The Bridge.—The bridge employed was made expressly by the 
author for the work. Profiting by the experience of Veley and 
Manley (Phil. Trans., 1898, 191, A, 365) in their measurements of the 
conductivity of nitric acid, a bridge was made in some respects similar 
to the one used by them, but instead of the bridge wire being two 
metres in length, only half a metre of specially drawn platino-iridium 
wire is used. The whole metre did not seem necessary, as the resis- 
tances are always arranged so as to bring the slider contact near the 
middle of the bridge, and additional delicacy is secured by adding to 
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the main wire at each end a thin wire of manganin alloy mounted 
parallel to the main wire, which, on each side starting from the same 
brass clamp as the main wire, is continued to the middle of the bridge ; 
there it makes a turn on a fixed ebonite drum, and returns to a brass 
clamp similar. to the one used for the platino-iridium wire, and mounted 
on the same slab of ebonite, but air-insulated from it. This is con- 
nected with the first copper strap at each end by a short piece of 
copper wire. The bridge-end resistance is therefore due to the 
combined effects of the contacts of the brass clamps, the brass clamps 
themselves, the thin manganin wires and their contacts, together with 
the short pieces of connecting wires to the first copper straps. This 


has the result of making the effective wire-length greater for the 
relation ; 


P _1+(x, = 2) 
Q 1-(#,-«,)’ 
where 1 is the effective length of the bridge wire. 

The copper straps S, S (Fig. 1) are 12 mm. square in section, and 
are supported by being set at each end in a groove cut in a plate of 
ebonite 12 mm. thick, set on its side, this ebonite plate in turn being 
supported at each of its ends by slotted boxwood supports. Pieces of 
waxed paper just under each end prevent the ebonite from actually 
touching the board. Extremely satisfactory insulation is thus secured. 
Binding screws are soldered to the copper straps. The arrangement 
of these can be seen by referring to Fig. 1. 

The slider and tapper combined is a simple rocker. Underneath 
two parallel lengths of brass tube, which are soldered to the heart- 
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shaped end pieces, are two boxwood cones, also fastened to the end 
pieces with a wide slot in them, and these slots enable the slider to be 
drawn by the cord 
passing round the 
hand wheel at one 
end, along the 
plain glass tube 
fixed to the wooden 
base and parallel 
to the half metre 
scale. An ebonite 
arm carrying a 
brass’ binding 
screw, on to the 
underside of which 
is soldered a small 
piece of platinum 
wire, constitutes 
the tapping ar- 
rangement, and a 
small cord brings 
the tapper on to 
the wire by mov- 
ing it through the 
very small are 
through which it 
“rocks,” by means 
of a lever at one 
end of the cord 
which also serves 
to keep. the con- 
tact. When this 
cord is released, 
the weight of the 
slider “rocks” it 
back, and contact 
is broken, whilst 
the _— projecting 
brass piece then 
lies flat on the 
) scale. This brass 

flap is pierced by 
Za a small mica 


window, which has a line scratched across its centre underneath, 


L 
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so that through the hole the position of the slider on the scale can be 
easily read from the position of the scratched line in relation to the 
lines of the scale. The thin wire from the binding screw of the slider 
is connected with the middle of the bridge, and in this circuit the 
telephone is placed. The platino-iridium wire was carefully calibrated 
and found to be uniform, and to have a mean resistance of 0°0001455 
ohm per mm, 

The total resistance of the main wire, the manganin wire, and all 
connexions was calculated by Carey Foster’s method, and found to be 
05546 ohm. This, in terms of the platinum-iridium wire, made an 

, 0°5546 
effective length of 00001455 
valent in delicacy to one of 3°8 metres in length, without the difficulties 
attending the stretching of such a length of wire. 

This can best be realised by the alteration in the usual formula for 

, -»  P_ 1000+(x,—x,) 
the ordinary metre bridge: 0" 1000 —(. a “i — =.) the formula for the 
P (3812 +(x, —«@,) 
Q 3812-(a,-—2,) 

The Electrolytic Cell.—T wo forms were tried, but the U-form was 
relinquished in favour of the straight one, shown in position in the 
bath (Fig. 2), This has one fixed and one movable electrode. The 
platinum wire from the fixed electrode, which is made of stout 
platinum sheet, passes downwards and is fused through the glass, 
and thence through the cork, g, by the side of the glass tube used 
for emptying the cell, to the binding screw. The wire from the 
movable electrode is fused into a tube closed at its lower end and 
containing a little mercury. The connecting wire, amalgamated at its 
lower end, passed in at the top of this tube, where the binding screw 
d is seen, and dips into the mercury at e. This tube works smoothly 
in a slightly larger one, ab, fixed at 6. When the inner tube is lifted 
up, a steel rod is inserted between the upper end of the fixed outer 
tube and a brass disk, seen edgewise at a and fastened to the cork /, 
which serves as a handle for raising the electrode. In the illustration, 
the electrodes are in the closed position. The length of the steel rod 
is therefore equivalent to the mean distance between the electrodes. 

After calibration, the electrodes were coated with platinum-black by 
the electrolysis of platinum tetrachloride as recommended’ by 
Kohlrausch. 

The results obtained are collected in the table on page 64. 


= 3812 mm., so that the bridge was equi- 


present bridge being 
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K,° x 104. 
Percentage Equivalents Specific Specific Molecular Dissociation 
concentration, per litre. resistance. conductivity. conductivity. values, 
71°435 140°0 97°50 40°63 
39°484 253°3 85°20 35°50 
23°553 424°5 76°60 31°92 
12°401 806°4 44°91 18°71 
9°978 1002°2 38°32 15°97 
7°803 1281°6 34°43 14°35 
7°266 1376°3 32°94 
6°938 1441°3 31°83 
6°853 1459°2 29°77 
6°704 1491°6 26°28 
6°921 1444°9 21°77 
7°272 1375°0 18°70 
7°391 1353°1 18°23 
9°779 1022°6 10°30 
12°697 787°6 7°00 
16°430 607 °6 4°99 
21°366 468°0 3°54 
24°670 405°5 2°89 
45°388 220°3 1°31 
57°518 173°9 1°01 
71°134 140°6 0°73 


In Fig. 3 are shown the curves for the conductivities of various acids 
as compared with phosphoric acid. 


Summary of Conclusions. 


1. Pure phosphoric acid is obtained by hydrating re-distilled 
phosphorus trichloride slowly, keeping the temperature of the reaction 
low, heating to expel hydrochloric acid, and oxidising with pure dilute 
nitric acid. 

2. The most trustworthy means of analysis of phosphoric acid are: 

a. by the usual magnesium method, which is capable of great 
accuracy. 

b. by heating the solution with pure lead monoxide in a platinum 
crucible until all the water has been expelled. 

3. A very accurate form of Wheatstone bridge can be made by an 
air-line of platinum-iridium wire of half a metre in length, the 
“bridge-ends ’’ being lengthened by a subsidiary wire of manganin 
alloy running parallel to the main wire to the middle of the bridge 
and back again. ‘The slider is most convenient when mounted to run 
between the scale and the wire, and capable of rocking through a 
small are from scale to wire. 

4. The conductivity measurements seem to bear out the theory 
of indicators regarding the ionisation of the hydrogen atoms in the 
molecule of phosphoric acid. 

5. The conductivity of phosphoric acid increases with the concen- 
tration from 1:4 per cent. to about 38 per cent. ; thence to 44 percent. 
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it increases more slowly ; it then decreases slowly to about 50 per cent., 
after which the decrease is as rapid as the former rise. 
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IX.—The Molecular Volumes of the Nitrites of Barium, 


Strontium, and Calcium. 
By PraruLLta CHanpra Ray. 


In continuation of my previous investigation (Trans., 1908, 93, 997), 
the determination of the molecular volumes of the nitrites of barium, 
strontium, and calcium has been undertaken. As these nitrites 
crystallise with one molecule of water, two sets of results have been 
obtained, namely, those of the hydrated and of the anhydrous compounds. 
Incidentally, the molecular volumes of the water of crystallisation of 
a class of well-defined monohydrated salts have also been ascertained. 

The preparation of these nitrites has already been described (Trans., 
1905, 87, 178). It is only necessary to add here that, owing to the 
deliquescent nature of these salts, special precautions were taken in 
handling them. Calcium nitrite caused great trouble in the damp 
climate of Calcutta. Although this salt was quickly pressed between 
folds of bibulous paper to remove adhering mother liquor, it always 
gave a variable and much higher percentage of water than that 
required by theory. After several unsuccessful trials, the following 
method gave satisfactory results : 

The substance, dried as above, was placed overnight in a desiccator 
containing sulphuric acid of sp. gr. 1-625. Barium nitrite under similar 
treatment also yielded the monohydrated salt. The salts were de- 
hydrated at 108—110°. Calcium nitrite, when dried at 110°, proved 
to be faintly alkaline, but the estimation of nitrogen agreed with the 
theoretical value. 

Barium Nitrite.—Three distinct preparations gave H,O =7°67, 7°70, 
and 7°50 respectively. Ba(NO,),,H,O requires H,O=7:29 per cent. 
The anhydrous salt gave Ba=59°82, the calculated amount being 
59°83 per cent. It may be mentioned here that Arndt stated that, 
even at 110°, barium nitrite is not readily dehydrated (Zeitsch. anorg. 
Chem., 1907, 27, 355). The specific gravity of the hydrated salt was 
found to be 3°185 at 27°; that of a second preparation was 3°162 at 
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31°, the mean value being 3°173. The specific gravity of the anhydrous 
salt was 3°232 at 23°; a second preparation gave 3°228 at 23°; mean 
=3°23. Slight variations in the degree of hydration often cause 
considerable disparity in the value. 

Strontium Nitrite.—The percentage of strontium in the monohydrated 
salt was 44°06, the calculated amount being 44°25. The mean of two 
fairly concordant determinations of the hydrated salt gave 2°645 
at 27° as the specific gravity, whilst that of the anhydrous salt 
was 2°867. 

Calcium Nitrite.—The estimation of water in several samples gave 
H,O=11-97, 11°55, 11°80, and 12:50. Ca(NO,),,H,O requires H,O= 
12:00 per cent. The specific gravities of two distinct preparations of 
the hydrated salts were found to be 2°225 and 2°237 respectively at 
34°; mean=2°231. The specific gravities of two samples of the 
anhydrous salt were 2°286 and 2°302; mean=2°294. The molecular 
volumes of the salts * calculated from their specific gravity determina- 
tions are presented below in a tabulated form : 


Name of salt. . wt. . ar. Mol. vol. 


Ba(NO,)>, HO 77°87 
" 70°90 


Diff. (mol. vol. of H,O) 6°97 


Sr(NOg)o)HaO ....0. cesesees 197°3 2°645 74°59 
S| CESS 179°3 2°867 62°54 


Diff. (mol. vol. of H,O) 12°05 


Ca(NO,)., H,O 2°231 67°24 
Ca(NO.)o 2°294 57°56 


Diff. (mol. vol. of H,O) 9°68 


It is evident that the above nitrites, even in the anhydrous state, 
unlike the anhydrous magnesium sulphates, have not identical 
molecular volumes, but the latter values appear to be functions of 
the atomic weights of the corresponding element. The molecular 
volume of the water of crystallisation also varies, being least in 
barium nitrite and greatest in strontium nitrite. This is no doubt 
due to the fact that the water molecules are held with varying 
degrees of tenacity in the three compounds. According to Kopp’s 
conclusion, however, in salts containing only a small number of 
water molecules (1 to 3), the molecular volume is a constant number, 
namely, 12°4, 

If the molecular volumes of the nitrites are deducted from the 


* Magnesium nitrite could not be included in this series as the salt crystallises 
with three molecules of water, and when it is kept in a vacuum over sulphuric acid, 
it parts with only one molecule (compare Ray, Trans., Joc. cit., 779). 
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corresponding volumes of the nitrates, the remainder is approximately 
constant. Potassium and sodium nitrites have been left out of con- 
sideration as their molecular volumes are abnormal, as pointed out in 
the previous paper (loc. cit., 1000), Thus: 


Salt. Mol. vel. Diff. (for O,). Diff. (for 0). 
Ba(NO,) 80'8* 
Ba(NO,),:" 709 J 99 4°95 
Sr(NOs), 7091) 
Sr(NO3), 62°54 J 
Ca(NOs). 65°60 \ 
Ca(NO,), 57°56 J 

78-08 \ 


72S. ae 69°16 4°46 


4°40 


According to Kopp the radicle NO, occupies a constant volume, 
namely, 28°6, in the nitrates of barium, strontium, silver, potassium, 
and sodium (Thorpe, Kopp Memorial Lecture, Trans., 1893, 63, 800). 
It may safely be assumed that calcium nitrate also comes under this 
category. 

As it has just been shown that the increments in volume due to the 
accession of anatom of oxygen are approximately constant ( = 44), we 
get 28°6 — 4°4 = 24-2 as the average volume of the radicle of the nitrite, 
NO,, of these metals. As early as 1840, Kopp pointed out that in the 
salts of the metals of the alkalis and alkaline earths, the “ primitive 
atomic volumes” of the metals are not retained, although in the com- 
pounds of the heavy metals, for example, silver and mercury, the 
latter retain their original volumes. If we deduct from the molecular 
volumes of the nitrates the constant 28°6, we get the following values 
for the atoms of the respective metals : Ba = 23°60, Sr = 13°71, Ca=8°40, 
and Ag= 10°44. 

Now the original atomic volumes of barium, strontium, and calcium 
are 36'5, 34:9, and 25:4 respectively. One cannot help being struck 
with the fact that the latter bear a simple proportion to the former. 
Thus barium in its compounds occupies two-thirds the original atomic 
volume, whilst strontium and calcium occupy nearly one-third of the 
same. Considering the difficulties in the way of preparing these 
metals in the pure shape, closer approximation cannot be expected. 
The radicle NO, in the liquid condition has the volume 32:0 (Thorpe, 


* The molecular volumes have been calculated from the specific gravities as given 
in Erdmann-Kothner’s Natur-Konstanten, 1905. Although the authors give no 
reference to the names of the observers, they have evidently placed greater reliance 
on the determinations by Favre and Valson (Compt. rend., 1873, 77, 802) than on 
those by Filhol. The specific gravities as found by the latter are often too low. 
Thus, the specific gravity of Ca(NO,). is given as 2°0, whereas, according to Favre 
and Valson, it is 2°5. Filhol’s number is untrustworthy on the face of it. 
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Trans., 1880, 37, 382). We have seen above that in the nitrites 
of the alkaline earths and of silver, the radicle NO, occupies the 
volume 24'2, or almost exactly three-fourths of the former. Prideaux 
has recently shown that the atomic volume of liquid phosphorus 
is 20:0, whilst in the case of quinquevalent and tervalent phosphorus 
the values are 15°10 and 25-06 respectively (Trans., 1907, 91, 1715). 
Here, also, a very simple relationship is noticeable. It is scarcely 
probable that so many striking coincidences should be purely acci- 
dental. An interesting problem suggestive of a law of proportionality 
seems to be opened up. Indeed, the assumptions made by Schroder, 
Hermann (J. pr. Chem., 1876, [ii], 13, 28), and E. Wilson (Proc. Roy. 
Soc., 1881, 32, 457) need a careful reconsideration. 
CHEMICAL LABORATORY, 


PRESIDENCY COLLEGE, 
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X.—Organic Deriwatives of Silicon. Part. IX. 
Experiments on the Resolution of dl-Benzylethyl- 


propylisobutylsilicanesulphonie Acid. 
By Freperic Stantey Krprrne and Haroxp Daviss, A.I.C.* 


In part IIL of these investigations (Trans., 1907, 91, 717) an account 
was given of the synthesis of dl-benzylmethylethylpropylsilicane, 
SiMeEtPr-CH,°C,H,, of the conversion of this silicohydrocarbon into 
its sulphonic derivative, SiMeEtPr-CH,°C,H,°SO,H, and of experi- 
ments on the resolution of this acid ‘into its optically active com- 
ponents. Although in these experiments seven different salts, pre- 
pared from the di-acid and an optically active base, were submitted to 
systematic fractional crystallisation, the results were negative and, 
except in one instance, which is referred to below, not the slightest 
indication of a resolution of the acid was obtained. As this might be 
due to the close similarity of the three alkyl radicles in the asymmetric 
silicon group, it seemed advisable to prepare and to examine a dl- 
sulphonic acid of the same type but containing three radicles less 
closely related than are the three normal homologous alkyls in benzyl- 

* Mr. W. E. Bullock, B.Sc., took part in the earlier stages of this work, and 
before leaving to undertake other duties, he had prepared and analysed the silico- 
hydrocarbon, its sulphonic derivative, and the menthylamine salt of the sulphonic 
acid. The investigation was continued from this stage in conjunction with 
Mr. H. Davies. 
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methylethylpropylsilicanesulphonic acid. The results of this work are 
recorded below. 

dl-Benzylethylpropylisobutylsilicane, SiktPr(C,H,)-CH,°C,H,, was 
prepared by treating benzylethylpropylsilicyl chloride with magnesium 
isobutyl bromide ; it is a colourless liquid having the character of a 
hydrocarbon, and boils at 282—283° under atmospheric pressure. 

dl-Benzylethylpropylisobuty/lsilicanesulphonic acid, 

SiEtPr(C,H,)-CH,°C,H,°SO,H, 
was then obtained by sulphonating the silico-hydrocarbon with chloro. 
sulphonic acid under the conditions previously described in the case of 
the lower homologue (/oc. cit.), and, having previous experience as a 
guide, little difficulty was met with in isolating this acid in the form 
of its /-menthylamine salt. 

1-Menthylamine dl-benzylethyl; ropylisobutylsilicanesul phonate, 

SiEtPr(C,H,)-CH,°C,H,°SO,H,C,,H,,N,2H,0, 
crystallises well from moist light petroleum in glistening leaflets, and 
although it is readily soluble in the moist solvent, the anhydrous salt 
dissolves much more freely in absence’of water ; it is very similar in most 
respects, not only to its lower homologue, but also to the corresponding 
salt of benzylethyldipropylsilicanesulphonic acid (Marsden and 
Kipping, Trans., 1908, 93, 205), a fact which seems to show that the 
dAJB and /A/B-components of the salts formed from the two di-acids 
are both very similar to the single salt of the dipropyl derivative, 
which contains no asymmetric silicon group. 

The /-menthylamine salt of d/-benzylethylpropylisobutylsilicane- 
sulphonic acid is not resolved into its components when it is system- 
atically crystallised from moist light petroleum or from aqueous methyl 
alcohol ; it is very useful, however, as a means of isolating the acid 
from the crude product of sulphonation of the silico-hydrocarbon, and 
also as a means of identifying the acid. 

In the experiments on the resolution of the d/-acid, it was necessary 
to start from a preparation of known purity ; for this reason the 
sodium salt of the d/-acid was always prepared from the pure /-menthyl- 
amine salt and then precipitated directly with the hydrochloride of 
the active base. 

The strychnine, brucine, cinchonidine, quinine, and cinchonine salts 
were thus prepared, and from the last-named three compounds the 
corresponding alkaloidal hydrogen salts were also obtained by treating 
the normal salts with hydrochloric acid (compare Trans., 1907, 91, 
233). These eight substances were separately and systematically 
crystallised from various solvents under different conditions, and the 
extreme fractions thus obtained were then examined. In all cases, 
except in that of the cinchonine hydrogen derivative, the melting or 
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decomposing points and specific rotations of these extreme fractions of 
a given salt were identical within the limits of probable experimental 


errer. 
Although these facts might seem to be sufficient to show that the 


di-acid had not been resolved in any of these experiments, it was not 
impossible that the salts of the d- and /-acids, like many of those of 
d- and d-sulphobenzylethylpropylsilicyl oxides (Trans., 1908, 93, 457), 
might be so similar in melting point and in specific rotation as to be 
practically indistinguishable ; for this reason it was thought advisable, 
in many cases, to convert the two samples of the alkaloidal salt separ- 
ately into the /-menthylamine derivative and to compare the two 
specimens of the latter with the original /-menthylamine salt of the 
d-acid ; this test also failed to afford any evidence of the resolution 
of the acid. 

The one salt which showed an exceptional behaviour was the 
cinchonine hydrogen derivative. On crystallising this compound 
systematically from aqueous alcohol and then recrystallising the two 
extreme fractions once from ethyl acetate (containing a little methyl 
alcohol), two colourless samples were obtained ; these, when dried at 
100°, showed a difference in melting point of about 5°, to which, 
however, little importance could be attached, as the ‘ most soluble’ 
fraction melted at the lower temperature and might contain traces 
of impurity. When examined polarimetrically in methyl-alcoholic 
solution, however, a difference, which could not be due to experimental 
error, was observed, the ‘most readily soluble’ fraction giving 
[a], +61°6°, the other [a], +72°7°. After one recrystallisation from 
ethyl acetate (and methyl alcohol) these values became +57:1° and 
73'8° respectively and the decomposing points of the two fractions were 
then identical (220—223°). 

These specimens having been placed aside, the next ‘ most readily 
soluble’ fraction of the salt was examined ; this gave [a], +62°5° and 
decomposed at the same temperature (220—223°) as the other 
portions. 

These results seemed to show that the dil-acid had been resolved, 
but unfortunately the further examination of these fractions failed to 
establish this inference; when separately converted into the 
l-menthylamine salt and also into the normal cinchonidine salt, the two 
extreme fractions gave, in both cases, products which, so far as could 
be ascertained, were identical with one another, and also with the 
corresponding salts of the original d/-acid. 

The observed difference in specific rotation of the fractions of this 
cinchonine hydrogen salt has not yet been accounted for. The com- 
pound was prepared from a sample of the normal cinchonine salt, and as 
the latter had been obtained originally by converting the pure /-menthyl- 
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amine salt into the sodium salt and precipitating with cinchonine hydro. 
chloride, it could hardly have been impure; further, the purity of the 
normal cinchonine salt, and at the same time that of the base contained 
in it, had been established by the fact that the two extreme fractions 
resulting from the systematic crystallisation of the preparation were 
identical in melting point and in specific rotation. It seemed, 
therefore, that the only possible impurity in the cinchonine hydrogen 
derivative might be some unchanged normal cinchonine salt; but the 
latter has @ high specific rotation, [a], +110°, and if present would 
doubtless pass into the mother liquors and thus raise ,the specific 
rotation of the more soluble fractions of the hydrogen salt, so that the 
low values obtained for the latter could not be explained on this 
basis. 

Even, in spite of these considerations, if the results of the 
crystallisation of the cinchonine hydrogen salt had stood alone, they 
might possibly have been passed over ‘and attributed to some un- 
discovered source of error, but as a matter of fact very similar and 
quite independent observations were made some time ago by one of us 
during the examination of the corresponding salt of benzylmethylethyl- 
propylsilicanesulphonic acid (Kipping, Trans., 1907, 91, 717). The 
cinchonine hydrogen salt of this acid, systematically crystallised from 
aqueous alcohol and then from anhydrous acetone containing a trace of 
water, gave extreme fractions of almost identical melting point, but in 
methyl-alcoholic solution the specific rotation of- the ‘most readily 
soluble’ fraction was +75:1°, and that of the ‘ most sparingly soluble’ 
fraction +64°9°; after further crystallisation, two corresponding 
fractions having [a], +77°4° and +65°3° respectively were obtained. 
The difference is of the same order as that observed in the case of 
the isobutyl compound, but in these experiments the more soluble 
fractions have the higher rotation. The ‘most readily soluble’ 
fraction, having [a], +77°4° (see above), was converted into the 
sodium, and then into the /-menthylamine salt, and the latter was 
recrystallised from moist light petroleum in order to separate traces of 
cinchonine ; it melted at 116—122°, and seemed, therefore, to be a 
slightly impure specimen of the salt of the d/-acid which melts at 
122—123°. 

These results were not recorded in describing the experiments on 
the crystallisation of cinchonine hydrogen benzylmethylethylpropyl- 
silicanesulphonate (oc. cit.) because, on trying to confirm them with a 
totally different preparation, the two extreme fractions of the salt 
were found to have the same specific rotations within the limits of 
experimental error. The matter, however, has now assumed another 
aspect ; the observed differences in specific rotation are in both cases 
so large as to exclude any possibility of their being due to error in the 
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polarimetric readings, and the melting or decomposing points of the 
fractions of different specific rotation are so nearly identical that it is 
difficult to believe that they contain impurity. On the whole, it seems 
possible that the cinchonine hydrogen salts are really resolved under 
certain conditions, but that the enantiomorphous relationship of the 
two optically active acids is even more difficult to establish than in 
the case of the d- and /-forms of sulphobenzylethylpropylsilicyl oxide 
(loc. ctt.). This possibility will be further examined as soon as a fresh 
supply of one of the dl-acids has been obtained. 


EXPERIMENTAL. 
Benzylethylpropylisobutylsilicane, SiEtPr(C,H,)*CH,°C,H,. 


In preparing this _ silico-hydrocarbon, benzylethylpropylsilicyl 
chloride (Trans., 1907, 91, 722) was treated with an ethereal solution 
of magnesium isobutyl bromide, and as no reaction seemed to occur at 
the ordinary temperature, the ether was evaporated and the residue 
heated at about 140° during three hours. After cooling, and adding 
water, the crude product was separated and distilled under diminished 
pressure. The principal fraction was then heated with sodium until 
no further action occurred, and was finally submitted to fractional 
distillation under atmospheric pressure; it was thus obtained as a 
colourless, mobile, refractive liquid boiling at 282—283°, the 
yield of the pure compound being about 60 per cent. of the 
theoretical : 

0°1596 gave 0°4503 CO, and 0°1654 H,O. C=77- 

02617 ,, 0°7443CO, , 0°2740 H,O. C=77: 

C,,H,,Si requires C=77'4 ; H=11°3 per cent. 

Sulphonation of the Silico-hydrocarbon.—The behaviour of benzyl- 
ethylpropylisobutylsilicane towards concentrated sulphuric acid was 
not investigated, as it seemed probable that the sulphonic derivative 
would be obtained far more easily with the aid of chlorosulphonic 
acid (compare Trans., 1907, 91, 739); employing this reagent, and 
proceeding just as described in the case of benzylmethylethylpropyl 
silicane, sulphonation is accomplished without difficulty, and a clear, 
slightly fluorescent, aqueous solution of the crude ammonium salt is 
ultimately obtained. 

The acid is most conveniently isolated in the form of its /-menthyl- 
amine salt, which is precipitated as an oil on adding excess of 
menthylamine hydrochloride to the solution of the ammonium salt. 
The precipitate slowly solidifies to a pasty mass, which is first pressed 
on porous earthenware, and then fractionally crystallised from light 
petroleum (b. p..40—50°) to which a few drops of water are added ; 
after many crystallisations, the pure salt was obtained in colourless 
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plates, but a considerable proportion of the crude product remained in 
the mother liquors as an oil, which has not yet been investigated, 
The yield of the pure compound is poor compared with that obtained 
in the sulphonation of benzylmethylethylpropylsilicane. 


1-Menthylamine dl-Benzylethylpropylisobutylsilicanesulphonate, 
SiEtPr(C,H,)-CH,°C,H,°SO,H,C,,H,,N. 


This salt is indistinguishable in appearance from that of its lower 
homologue, which it resembles in every respect, so that a detailed 
description is unnecessary. It crystallises well from moist light 
petroleum, but does not separate even from very highly concentrated 
solutions in absence of water ; the hydrated crystals liquefy far below 
100°, the anhydrous salt melting at 127—128°: 

3°196, of air-dried salt, lost 0°2238 at 100°. H,O=7°0. 

C,,H,,O,NSSi,2H,O requires H,O = 6°9 per cent. 

0°1848 gave C= 64:2; H=10°3.* 

01866 ,, C=641; H=10°4. 

01676 , C=64:2; H=10-4. 

C,,H,,0,NSSi requires C= 64°6 ; H=10'1 per cent. 
The equivalent of the anhydrous salt was determined by the method 


previously described (loc. cit., p. 736) and was found to be 484, the 
calculated value being 483. 

The molecular weight was also determined by the ebullioscopic 
method in methyl-alcoholic solution : 


Substance. Weight of solvent. E. M.W. 
0°469 20°2 0°080 243 
0°666 20°2 0°105 264 
0°328 16°0 0°070 280 
0°894 16°0 0°160 294 
1°419 16°0 0°235 316 

Although the isolation of this menthylamine salt necessitates 
repeated fractional crystallisation from moist light petroleum, the 
compound is not thereby resolved into its optically active components ; 
this statement is based on the very close resemblance between this 
salt and the corresponding derivative of its lower homologue, and 
also on the fact that the aqueous solution of the sodium salt 
prepared from it shows no visible optical activity. 

Metallic Salis of dl-Benzylethylpropylisobutylsilicanesulphonic Acid.— 
The solution of the sodiwm salt, prepared from the pure /-menthyl- 
amine derivative by adding a very slight excess of sodium carbonate 
and then distilling the menthylamine in a current of steam, has a very 

* Mr. Bullock’s rough note-book, in which the weights of the CO, and H,0 
respectively were recorded, has been mislaid ; the above data were supplied to me 
at the time the combustions were made.—F. 8. K. 
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soapy nature and froths in a very troublesome manner during the 
steam distillation. When neutralised with acetic acid and evaporated, 
the sodium salt separates as a soapy mass which, after several days, 
becomes flaky and apparently crystalline ; on filtering, however, the 
salt remains as a paste which, under the microscope, is seen to consist 
of oily globales. Although readily soluble in water, the salt is 
precipitated on addition of other salts, such as sodium carbonate, to 
its concentrated aqueous solution. 

The solution of the ammonium salt of the sulphonic acid, prepared 
by decomposing some of the alkaloidal salts with ammonia, is very 
similar to that of the sodium salt. 

The bariwm salt is precipitated in flocculent masses from a solution 
of the sodium salt, and is only very sparingly soluble in cold water, 
but dissolves freely in warm aqueous alcohol. 


Cinchonidine dl-Benzylethylpropylisobutylsilicanesulphonate. 


This salt was prepared by treating the neutral aqueous solution of 
the sodium salt with excess of a solution of cinchonidine hydro- 
chloride ; the oily precipitate, which soon solidified, was washed well 
with water and fractionally crystallised from aqueous alcohol ; after 
six crystallisations the two extreme fractions melted simultaneously 
at 184°. 

These two fractions were then recrystallised once from ethyl 
acetate, dried at 100°, and examined polarimetrically in methyl- 
alcoholic solution. 

‘ Most soluble’ fraction.—0°573, made up to 25 c.c. in a 2-dem. tube, 
gave a —3°18°; whence [a], — 69°4°. 

‘ Least soluble’ fraction.—0°599, made up to 25 c.c. in a 2-dem. tube, 
gave a — 3'28°; whence [a], — 68°6°. 

The cinehenidina salt is very readily soluble in the common alcohols, 
and in chloroform ; it crystallises well, in lustrous needles or prisms, 
from acetone, ethy! acetate, benzene, or ether ; it is only very sparingly 
soluble in hot water. 


Cinchonidine Hydrogen Salt. 


This compound, prepared by treating the normal salt with excess 
of hydrochloric acid in alcoholic solution and then precipitating 
with water, was deposited as an oil which rapidly solidified ; after 
having been washed with water it was crystallised seven times from 
aqueous alcohol. The extreme fractions, when dried at 100°, began 
to decompose at about 210°, liquefying simultaneously at about 
218°; their specific rotations were determined in methyl-alcoholic 
solution. 
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‘ Most soluble’ fraction.—0°866, made up to 25 c.c. in a 2-dem. tube, 
gave a —3°17°; whence [a], — 45°8°. 

‘ Least soluble’ fraction.—0°920, made up to 25c.c. in a 2-dem. tube, 
gave a —3°33°; whence [a], — 45°2°. 

The cinchonidine hydrogen salt crystallises well from aqueous 
alcohol and from aqueous acetone in lustrous plates. It is sparingly 
soluble in anhydrous acetone or ethyl acetate, much more readily 
so in presence of traces of water ; it is very soluble in chloroform, but 
practically insoluble in benzene, ether, or petroleum, 


Strychnine dl-Benzylethylpropylisobutylsilicanesulphonate. 


The strychnine salt, obtained directly from the sodium salt as an 
oil, did not solidify even on keeping for some time; it was washed 
with very dilute alcohol, and the milky liquid decanted. In the 
course of twenty-four hours these washings deposited the salt in 
glistening plates, but on trying to crystallise the main portion of the 
salt from aqueous alchohols of different concentrations, it was invariably 
deposited as an oil; attempts to recrystallise a portion of the crystal- 
line compound were equally unsuccessful, as, in spite of cooling and 
“ seeding,” the salt remained aliquid. The small sample of crystalline 
compound melted indefinitely from about 86—95°, owing to the 
presence of water of crystallisation, but after having been dried at 
100° its melting point was 236—238°. 

Although this compound, like so many of the alkaloidal salts of 
these silicanesulphonic acids, remains oily in presence of aqueous 
solvents, it crystallises well and readily from anhydrous acetone. It 
was therefore systematically treated with this solvent, and after eight 
operations the two extreme fractions were examined. The ‘ most 
soluble’ one melted at 226—227°, the other at 237—238°, and their 
specific rotations, determined in methyl-alcoholic solution, were 
practically identical : 

‘ Most soluble’ fraction.—0°542, made up to 25 c.c. in a 2-dem. tube, 
gave a —0°34° ; whence [a], —7°9°. 

‘ Least soluble’ fraction.—0°620, made up to 25 c.c. in a 2-dem. tube 
gave a —0°38°; whence [a], — 7°6°. 

As their specific rotations were very low, and the experimental error 
might be large, the ‘least soluble’ fraction was decomposed with 
ammonia and converted into the /-menthylamine salt, which was then 
recrystallised from moist light petroleum; the melting point of this 
preparation was identical with that of the salt of the dl-acid, namely, 
127—128°. 

The low melting point of the ‘most soluble’ fraction was doubtless 
due to the presence of a trace of impurity formed by the decomposi- 
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tion of the salt during repeated crystallisation, as when recrystallised 
once its melting point rose to 235—237°. 


Brucine dl-Benzylethylpropylisobutylsilicanesul phonate. 


This salt was prepared by decomposing the cinchonidine hydrogen 
compound with ammonia and then precipitating the neutral solution 
of the ammonium salt with excess of brucine hydrochloride ; the oily 
product, which soon solidified, was washed well with water, and 
systematically crystallised from aqueous alcohol, from which it 
separated in lustrous, very bulky masses of needles. 

After nine operations, the extreme fractions were dried at 100°, 
and separately recrystallised from ethyl acetate ; they then melted 
simultaneously at 163°, and had the same specific rotation in methyl- 
alcoholic solution within the limits of experimental error : 

‘ Most soluble’ fraction.—0°657, made up to 25 c.c. ina 2-dem. tube, 
gave a —0°33°; whence [a]p — 6°27°. 

‘ Least soluble’ fraction.—0°618, made up to 25 c.c.in a 2-dem. tube, 
gave a —0°30°; whence [a], — 6°07°. 

During the crystallisation of this salt from aqueous alcohol and 
anhydrous ethyl acetate, it seemed that a resolution had occurred, as 
different fractions melted at different temperatures; it was found, 
however, that this behaviour was due to dimorphism. Samples of the 
salt, crystallised from aqueous alcohol and then dried at 100°, melted 
at 141—144°; but when such samples were crystallised two or three 
times from anhydrous ethyl acetate without removing}any of the salt 
or leaving any appreciable quantity in solution, the melting point rose 
to 161—163° and became constant. On the other hand, when samples 
melting at 161—163° were recrystallised from aqueous alcohol they 
melted at 141—144°. 


Quinine dl-Benzylethylpropylisobutylsilicanesulphonate. 


For the preparation of this compound, a solution of the ammonium 
salt of the dl-acid, obtained by decomposing the strychnine salt, was 
employed, and excess of quinine hydrochloride. The product crystal- 
lised well from aqueous acetone in bulky masses of needles, but 
its solution in aqueous alcohol often gave oily deposits ; it also crystal- 
lised well from a mixture of ethyl acetate and ether. 

It was systematically crystallised from aqueous acetone; the two 
extreme fractions then melted simultaneously at 168—171°, and had 
practically the same specific rotation in methyl-alcoholic solution : 

‘ Most soluble’ fraction.—0°538, made up to 25 c.c. in a 2-dem. tube, 
gave a —4°71°; whence [a], — 109°5°. 
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‘ Least soluble’ fraction.—0°597, made up to 25 ¢.c. in a 2-dem. tube, 
gave a — 538°; whence [a], — 112°6°. 

The salt is very readily soluble in the common alcohols, moist ethyl 
acetate, moist acetone, chloroform, or benzene, but practically insoluble 
in light petroleum. 

Quinine Hydrogen Salt. 


The decomposition of the normal salt with hydrochloric acid was 
carried out in the usual manner, and after washing well to remove 
quinine hydrochloride the product was systematically crystallised from 
aqueous acetone, from which it separated in bulky masses of needles ; 
after many operations, the two extreme fractions were collected and 
dried at 100°. They both showed signs of decomposing at about 200°, 
and liquefied simultaneously at about 212°; their specific rotations 
were determined in methyl-alcoholic solution : 

‘ Most soluble’ fraction.—0°531, made up to 25 c.c. in a 2-dem. tube, 
gave a — 3°60°; whence [a], — 84‘7°. 

‘ Least soluble’ fraction. —0°466, made up to 25c.c. ina 2-dem. tube, 
gave a —3°09°; whence [a], — 82°9°. 

This salt separates as an oil from aqueous alcohol unless the pro- 
portion of water is very large; it is practically insoluble in dry ethyl 
acetate or benzene, and only sparingly soluble in dry acetone, from 


which it separates in poorly-defined crystals. It dissolves freely in 
chloroform and in the common alcohols. 


Cinchonine dl-Benzylethylpropylisobutylsilicanesulphonate. 


This salt was prepared by treating a neutral solution of the pure 
sodium salt with excess of cinchonine hydrochloride ; the oily precipi- 
tate soon solidified and was washed well with water. The salt was 
then systematically crystallised froni aqueous methyl alcohol and the 
two extreme fractions were examined; they melted simultaneously 
and had the same specific rotation in methyl-alcoholic solution : 

‘Most soluble’ fraction.—0°4785, made up to 25 c.c. in a 2-dem. tube, 
gave a +4°19°; whence [a], +109°4°. 

‘Least soluble’ fractian.—0°445, made up to 25 c.c. in a 2-dem. tube, 
gave a+3°94°; whence [a], +110°7°. 

This cinchonine salt separates from aqueous alcohol or aqueous 
acetone in silky needles ; it is soluble in ethyl acetate and in anhydrous 
acetone, but it does not crystallise well from these solvents. The 
crystals deposited from aqueous solvents are hydrated and melt at 
about 70°, but the anhydrous salt melts at 139—141° 
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Cinchonine Hydrogen Salt. 


The normal cinchonine salt described above was treated with 
hydrochloric acid in alcoholic solution, and the hydrogen salt was then 
precipitated by adding water ; the product quickly solidified and was 
washed with dilute hydrochloric acid and with warm water. It was 
then dissolved in alcohol and fractionally precipitated with water, these 
operations being repeated about six times in a systematic manner. 
The two extreme fractions were then separately dissolved in methyl 
alcohol, the solutions mixed with anhydrous ethyl acetate, and left 
to evaporate over sulphuric acid ; the colourless deposits were finally 
separated and dried at 100° until constant. 

The ‘ most soluble’ fraction decomposed at 215—218°, the other at 
220—223°, and their specific rotations in methyl-alcoholic solution 
were very different : 

‘ Most soluble’ fraction.—0°481, made up to 25 c.c. in a 2-dem. tube, 
gave a +2°35°; whence [a] +61°6°. 

‘ Least soluble’ fraction.—0°523, made up to 25 c.c. in a 2-dem. tube, 
gave a +3°04°; whence [a]) +72°7°. 

The ‘most soluble’ fraction was next recrystallised once from a 
mixture of methyl alcohol and ethyl acetate, leaving a fair proportion 
of the salt in the mother liquors: this specimen was dried at 100° until 
constant ; it then decomposed at 220—223°, and had a lower specific 
rotation than the sample from which it had been prepared : 

03192, made up to 16 cc. in a 2-dem. tube gave, a +2°28°; 
whence [a]) +57°1°. 

The ‘least soluble’ fraction was fractionally precipitated from its 
alcoholic solution by adding water, and after several operations 
the ‘least soluble’ portion was collected, recrystallised from a mixture 
of methyl alcohol and ethyl acetate, and dried at 100°; it decomposed 
at 220—223° : 

0'5095, made up to 25 c.c. in a 2-dem. tube, gave a +3°01° ; whence 
(al) +73°8°. 

The melting point of the ‘ most soluble’ fraction being identical with 
that of the very highly purified ‘least soluble’ fraction, almost excluded 
the possibility that the low specific rotation of the former might be 
due to impurity, but as a further precaution a sample of the salt, next 
in order to the ‘most soluble’ fraction, was recrystallised once 
from methyl alcohol and ethyl acetate, and dried at 100°; this 
specimen decomposed at 220—223°, and its specific rotation was 
almost as low as the ‘ most soluble’ portion. 

0532 made up to 25 c.c. in a 2-dem. tube, gave a+ 2°66°; whence 
[a]y +62°5°. 
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It is perhaps unnecessary to add that, as the specific rotation of 
these salts might vary considerably in different samples of methy]| 
alcohol containing variable proportions of water, the same sample of 
methyl alcohol was employed in all these determinations. 

The above results could only be explained by assuming that the 
di-acid had been resolved into its optical isomerides; in order, if 
possible, to obtain further evidence in favour of this conclusion, the 
samples of the cinchonine hydrogen salt having the specific rotations 
+73°8° and +62°5° respectively were separately decomposed with 
ammonia, and the cinchonine was separated by filtration. The solution 
from the salt [a], +62°5° was examined in the polarimeter, but 
instead of being levorotatory, as it might possibly have been, it was 
very feebly dextrorotatory, owing to the incomplete separation of 
the cinchonine ; this difficulty occurs in the case of many of these 
salts, and the whole of the alkaloid is not removed without some 
trouble. For this reason, the neutral solutions of the ammonium salts 
were separately precipitated with /-menthylamine hydrochloride, and 
the /-menthylamine salts were then recrystallised from moist light 
petroleum ; after dehydration, the salt obtained from the fraction 
[a]p +73°8° melted at 125—126°; that from the fraction [a], +62°5° 
at 126—127°5° ; a mixture of these two salts melted at 125—126° 

As the /-menthylamine salts of the d- and /-acids might have the 
same melting point, the two preparations, corresponding with the 
samples of cinchonine hydrogen salt [a], +73°8° and [a], +62°5° 
respectively, were separately decomposed with sodium carbonate and 
the menthylamine distilled in a current of steam ; the neutral solutions 
of the sodium salts were then precipitated with cinchonidine hydro- 
chloride, and the two samples of cinchonidine salt recrystallised first 
from aqueous alcohol and then from acetone containing a trace of 
water. 

These two preparations melted simultaneously at 184° and had the 
same specific rotation ([a], —67:6° and [a], —68:0° respectively) in 
methyl-alcoholic solution. 


Our thanks are due to the Government Grant Committee of the 
Royal Society for a grant in aid of this investigation. 


UNIVERSITY COLLEGE, 
NorrincHaM. 
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X._—Chemical Examination of Eviodictyon. Part LI. 


By Frank Tutin and Husert Witiiam BentLey CLEewer. 


TE first part of this investigation of Hriodictyon leaves was carried 
out by one of us in conjunction with Dr. Power, and the results 
obtained were communicated to the meeting of the American 
Pharmaceutical Association held at Indianapolis in 1906 (Proc. Amer. 
Pharm. Assoc., 1906, 54, 352). In this communication it was shown 
that the leaves contain, besides essential oil, resins, and other amor- 
phous products, a considerable amount of glucose, the hydrocarbons 
triacontane and pentatriacontane, formic, acetic, butyric, cerotic, and 
other acids, both in the free state and as glycerides, and a very small 
amount of a phytosterol. In addition to these products, three new 
crystalline substances of a phenolic nature were isolated, namely, 
eriodictyol, C,,H,,0, (m. p. 267°), homoeriodictyol, C,,H,,0, (m. p. 
223°), and a very small amount of a substance possessing the formula 
CigH20,.* 

In subsequent communications (Power and Tutin, Trans., 1907, 91, 
887 ; Proc., 1907, 23, 243) the results of further work on eriodictyol 
and homoeriodictyol were described, and the latter substance was 
shown to possess the following constitution : 


— ’ HO 
HOS cH:cH-cog Sou. 
kb, om ms 
OH,-0 HO 


A further and larger amount of the extract of Hriodictyon leaves 
has now been worked up in order to obtain the requisite material for 
the continuation of experiments with eriodictyol and its homologue. 
During this process a quantity of the product has been accumulated, 
from which the small amount of the substance, C,,H,,O,, was isolated. 
An exhaustive examination of this product has resulted in the isola- 
tion of a larger quantity of the last-mentioned compound, the formula 
and properties of which have been contirmed, together with two 
other crystalline substances of a phenolic nature, both of which are 
new compounds, 

The substance which was previously isolated in small amount, and 
which it is now proposed to designate chrysoeriol, forms golden-yellow 
leaflets which do not melt at 337°. It has the formula C,,H,,0,, and 
is present in the air-dried leaves to the extent of 0°0093 per cent. of 

* In Abstr., 1906, 90, ii, 885, the formula of this substance is incorrectly given 
as CigH Og. 
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their weight. It contains three hydroxyl groups, since it yields a 
triacetyl derivative, C,,H,,0,(*CO°CH,),, which melts at 211—212°, 

The first of the newly-isolated compounds was obtained in an 
amount corresponding with 0:0187 per cent. of the weight of the air. 
dried leaves. It crystallises in yellow needles melting at 258°, and 
for it the name xanthoeridol is proposed. It possesses the formula 
C,,H,,0,, and, like chrysoeriol, yields a triacetyl derivative (m. p. 
175—176°). 

The other new compound is represented by the formula C,,H,,0,, 
and the amount of it present in the air-dried leaves is equivalent to 
0°0117 per cent. of their weight. It forms long, pale yellow, flattened 
needles, which, after drying in the air, melt at 199°, and contain one 
molecule of water of crystallisation ; the anhydrous substance melts 
at 209°. There are two substances of the formula C,,H,,0, which 
are stated to melt near 200°, namely, the methyl ester of usnolic acid 
(Widman, Annalen, 1902, 324, 139), which melts at 202°, and quercetin 
tetramethyl ether (Kostanecki, Lampe, and Tambor, Ber., 1904, 37, 
1404), which melts at 198°, It was readily ascertained that the com. 
pound we have isolated is not identical with methyl usnolate, since it 
yields a dark purplish-brown colour with ferric chloride, whilst the 
latter compound gives a green colour, The properties attributed 
the tetramethyl ether of quercetin, however, are practically identical 
with those of the compound we have obtained, and it therefore 
appeared probable that the two substances might be identical. 
Through the courtesy of Professor Koséanecki, who supplied us with 
a specimen of tetramethylquercetin, we were enabled directly to 
compare the substances in question, when it was found that a mixture 
of the two preparations melted at about 160°. The substance from 
eriodictyon leaves is therefore a new compound, and it is proposed to 
designate it eriodonol. When treated with acetic anhydride, eriodonol 
yields a tetra-acetyl derivative (m. p. 131°), thus indicating the presence 
of four hydroxyl groups. 


EXPERIMENTAL. 


A quantity of the same alcoholic extract of the leaves of Hriodictyon 
Californicum (Hooker and Arnott), Greene, as had been employed in: 
the first investigation, representing approximately 8580 grams of the 
air-dried leaves, was mixed with water and steam passed through the 
mixture for some time. ‘The aqueous liquid was then decanted irom 
the large amount of resin, and the latter again treated several times 
in a similar manner in order to free it as completely as possible from 
substances soluble in water. The combined aqueous extracts were 
then evaporated to a convenient bulk, and repeatedly extracted with 
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ether. In the former investigation eriodictyol and homoeriodictyol 
were isolated from this ethereal extract by fractional extraction with 
a solution of sodium carbonate. It has now been ascertained that 
these substances are more conveniently obtained, and in better yield, 
when the ethereal liquid is first extracted with a solution of ammonium 
carbonate. This latter treatment removes from the ethereal solution 
a large amount of sticky, uncrystallisable matter of an acidic nature, 
from which nothing definite could be isolated. Extraction of the 
ethereal liquid with sodium carbonate solution then yields a precipitate 
of the monosodium compound of homoeriodictyol, and the filtrate from 
the latter, on acidification, gives a product consisting very largely of 
eriodictyol. This product has been exhaustively examined, but was 
found to contain no crystalline substance other than eriodictyol. 

The large amount of resin referred to above, which had been freed 
from substances soluble in water, was mixed with purified sawdust 
and successively extracted in a Soxhlet apparatus with petroleum 
(b. p. 33—50°) and ether, but only the extract obtained by the latter 
solvent was examined in the present investigation. It was from this 
ethereal extract that the greater part of the homoeriodictyol was 
obtained, and here again the isolation of this substance is greatly 
facilitated by first removing from the ethereal liquid the substances 
soluble in a solution of ammonium carbonate. ; 

On shaking the ethereal extract of the resins with a solution of 
ammonium carbonate, a very large quantity of the ammonium salt of 
an acidic resin separates in the form of a heavy, dark green tar, on 
the surface of which is a brown, aqueous layer. Nothing crystal- 
line could be obtained from either of these products, the former 
yielding upwards of a kilogram of a nearly hard, green resin. The 
ethereal liquid, after considerable dilution, was then exhaustively 
extracted by shaking with successive portions of a solution of sodium 
carbonate. The large amount of the crystalline sodium compound of 
homoeriodictyol suspended in the alkaline liquids thus obtained was 
rapidly collected and washed, first with ether, and subsequently with 
a little water. The aqueous portion of the filtrate was then imme- 
diately acidified, as it rapidly absorbs oxygen on exposure to the air. 
The sodium compound was revrystallised from water, after which the 
mother liquors were acidified, and the precipitated product added to 
the material obtained on acidifying the original filtrate from the 
sodium derivative. The total amount of this material from the 
mother liquors was dissolved in ether, freed from some tarry decom- 
position products by means of ammonium carbonate solution, and then 
extracted by shaking with successive portions of a solution of sodium 
carbonate, when a number of fractions were obtained, Most of these 
fractions contained some of the sodium compound of homoeriodictyol, 
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which was removed by filtration. The filtrate from the first fraction 
was discarded, for it was dark green, and, on acidification, yielded 
only resinous matter, but all the subsequent alkaline, aqueous liquids 
possessed a clear dark orange colour. They were therefore mi. ad, 
acidified, and extracted with ether. 

The ethereal solution thus obtained would contain the whole of the 
high-melting, yellow, phenolic substance, which was previously isolated 
in small amount by Power and Tutin (Joc. cit.), and it also gave 
evidence of containing some eriodictyol. Moreover, in the original 
investigation by the above-mentioned authors, indications were obtained 
of the presence of a third compound, crystallising in yellow needles 
which melted at about 255°. In order, therefore, to render possible 
the isolation of the constituents of this mixture, advantage was taken 
of the fact that, in all probability, the several components would vary 
in their respective affinities for alkali. The material dissolved in the 
ether was therefore systematically extracted, in fractions, by thoroughly 
shaking the ethereal solution with thirty-four successive portions of a 
5 per cent. solution of sodium carbonate. For each of the first fifteen 
extractions, 20 c.c. of the solution were employed, and for each of the 
next ten extractions, 50 c.c., the remaining extractions being accom- 
plished with 100 c.c. each. In every case the alkaline solution was 
-acidified immedately after separation from the ether. 

The first and last fractions obtained yielded only resinous matter, 
but the remainder all contained crystalline products, although each of 
them also contained some resin. Fractions 2 to 13 inclusive yielded a 
substance, designated xanthoeridol, which formed yellow needles, melt- 
ing at 258°. Eriodictyol was obtained from fractions 4 to 26 in- 
clusive, and this compound was by far the largest constituent of the 
mixture. Chrysoeriol, the yellow substance previously obtained ‘in 
small amount by Power and Tutin, occurred in fractions 15 to 26 in- 
clusive, whilst fractions 27 to 33 inclusive yielded a fourth compound, 
ertodonol, which melts at 209°. 


Xanthoeridol, C,,H,,0,(0H)». 


Fractions 2 to 13 inclusive, above referred to, yielded a product 
(1°6 grams) which crystallised from a mixture of ethyl acetate and 
alcohol in tufts of soft, yellow needles melting at 258°: 

0°1146 gave 0-2643 CO, and 0°0441 H,O. C=62:9; H=4:3. 

C,,H,,0, requires C=63:1 ; H=4:1 per cent. 

The properties of this substance do not agree with those of any 
compound of the formula C,,H,,0O, which has previously been 
described. It is proposed, therefore, to designate it xanthoeridol. 

Xanthoeridol dissolves in alkalis and in concentrated sulphuric acid, 
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giving a bright yellow colour, and its solution in dilute alcohol is 
rendered dark brown by ferric chloride. 

Triacetylaanthoeridol, C,,H,,O,(CO-CH,),—A small quantity of 
xanthoeridol was boiled for thirty minutes with an excess of acetic 
anhydride, the greater part of the latter was then removed, and the 
residue diluted with ether. T'riacetylxanthoeridol then separates in 
tufts of slightly yellow needles, which melt at about 169°. After 
recrystallisation from acetic anhydride, the melting point was raised to 
175—176° : 

01082 gave 0°2443 CO, and 00441 H,O. C=616; H=4°5. 

C,,H,,0,) requires C=61'5; H=4°3 por cent. 


Chrysoeriol, C,,H,0,(OH),. 


In the first part of this work (loc. cit., p. 367) Power and Tutin 
described the isolation of a small amount (0°3 gram) of a new, yellow, 
crystalline substance of phenolic nature, possessing the formula 
(,,H,,0, Asso small an amount of this compound was obtained, 
no name was then given to it. The present authors, however, 
having now obtained it in larger amount (0°8 gram), and fully con- 
firmed the formula and properties previously assigned to it, propose 


to designate it chrysoeriol. 

Chrysoeriol is very sparingly soluble in alcohol, and hence was 
easily separated from the eriodictyol with which it was associated. 
On allowing its solution in boiling alcohol to evaporate, it separates 
in feathery leaflets possessing a golden-yellow colour. It does not 
melt when heated to 337° : 


00873 gave 0:2050 CO, and 0:0328 H,O. C=64:0; H=4:2. 
C,,H,,0, requires C= 64:0; H=4°0 per cent. 

Chrysoeriol yields colour reactions which are similar to those of 
xanthoeridol. 

Triacetylchrysoeriol, O©,g,H,O,(CO*CH,;),—A small quantity of 
chrysoeriol was boiled for thirty minutes with an excess of acetic 
anhydride. The anhydride was then decomposed with water, and 
the resulting solid collected. On crystallisation from a mixture of 
ethyl acetate and alcohol, the acetyl derivative separated in tufts 
of almost colourless needles, which melted at 200°. After one 
recrystallisation from ordinary alcohol, the melting point was 
196—199°, and, after being boiled for two hours with dilute alcohol, 
the substance melted indefinitely from 168—178°. This behaviour is 
evidently due to the fact that triacetylchrysoeriol readily undergoes 
partial hydrolysis when heated with solvents containing water. 
When crystallised from acetic anhydride, it melted at 211—212°: 
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0:0987 gave 0°2244 CO, and 0:0393 H,O. C=62:0; H=4-4, 
C,.H,,0, requires C = 62°0 ; H=4:'2 per cent. 


Eriodonol, C,,H,,0,(OH),. 


The last fractions of material obtained by the above-described 
fractional extraction with sodium carbonate solution contained 
a considerable proportion of green, resinous matter, together 
with a substance which slowly crystallised from slightly diluted 
alcohol in long, flattened needles, possessing a pale yellow colour, 
After drying in the air, this compound melted at about 199°, but, 
after drying at 110° for a short time, fusion occurred at 209°. The 
total amount obtained was 1 gram : 

0:3779, on drying at 110°, lost 0°0174 H,O. H,O=4°6. 

0°1245 of anhydrous substance gave 0°2907 CO, and 0:0561 H,0, 

C=63'7 ; H=5-0. 
C,,H,,0,,H,O requires H,O = 4'8 per cent. 
C,,H,,0, requires C=63°7 ; H=5-0 per cent. 

In order further to confirm the formula of this compound, a molecular- 
weight determination was made : 

02400 in 30 of acetic acid gave A*-0°090°. M.W.=351. 

C,,H,,0, requires M.W. = 358. 

This compound, as previously stated (p. 82), is not identical with 
any substance hitherto described, and the name eriodonol is suggested 
for it. Eriodonol is very readily soluble in ethyl acetate, and dis- 
solves readily in absolute ethyl and methyl alcohols, separating from 
the last-named solvents in tufts of small needles which are practically 
anhydrous. 

When treated with concentrated sulphuric acid, crystals of 
eriodonol first become orange-coloured, and then dissolve, giving a 
yellow solution which exhibits a slight fluorescence. Eriodonol 
yields with ferric chloride a dark purplish-brown colour, and dis- 
solves in alkalis, giving a not very readily soluble sodium derivative, 
the solution of which is bright yellow. The tinctorial properties 
of eriodonol are similar to those of the tetramethyl ether of quercetin 
described by Kostanecki, Lampe, and Tambor (loc. cit.), namely, it 
dyes linen mordanted with alumina or iron, bright yellow or dark 
brown respectively. Eriodonol yields iodoform when warmed with 
iodine and sodium carbonate solution, differing in this respect from 
xanthoeridol and chrysoeriol. 

Tetra-acetyleriodonol, C,,H,,0,(CO*CH,),—A small amount of 
eriodonol was acetylated by boiling with an excess of acetic anhydride, 
but the resulting acetyl derivative crystallised only with difficulty. 
It was practically insoluble in cold alcohol, being deposited as an oil 
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on allowing its solution in this solvent to cool. It is most conveniently 
crystallised by concentrating its solution in acetic anhydride to a 
small bulk, diluting this with ether, and then adding light petroleum. 
On allowing the mixture to stand for a few days, the acetyl derivative 
separates in tufts of colourless needles, which melt at 131°: 

0'1052 gave 02370 CO, and 0:0451 H,O. C=615; H=4°8. 

O,,H,,0,, requires C=61°6 ; H=4°9 per cent. 

It is thus apparent that eriodonol contains four hydroxyl groups, 
but, as its acidic properties are so slight, it is probable that not more 
than one of them is phenolic. 


THe WELLCOME CHEMICAL RESEARCH LABORATORIES, 
Lonpon, E.C, 


XI.—The Slow Decomposition of Ammonium Chromate, 
Dichromate, and Trichromate by Heat. 


By Watrer Craven Batt. 


WHEN ammonium dichromate is heated at temperatures ranging from 
about 118° to 205°, instead of a sudden decomposition mainly to 
chromium sesquioxide, nitrogen, and water, such as occurs at higher 
temperatures, a slow change takes place accompanied with the evolution 
of ammonia, and a black substance remains. This decomposition has 
been previously noticed by E. Maumené ( Bull. Soc. chim., 1892, [iii], 
7,174), who found that the salt decomposed slowly at 204°, giving 
rise ultimately to chromium dioxide, 

The author has examined this slow decomposition of the chromates of 
ammonium (for the trichromate and chromate undergo similar changes), 
and found, some two years ago, that the final product in the case of 
the dichromate was a hydrated chromium dioxide, and that ammonia 
was evolved continuously during the decomposition. 

The exact composition of the final product is dealt with in this 
paper, and has also lately been determined by W. M. Hooton (Proc., 
1908, 24, 27), whose conclusions agree with those of the author, 
except as to the degree of hydration of the substance. The composition 
of this end-product does not, however, throw much light on the course 
of the reaction, as some of the oxygen it contains is absorbed from the 
air during the heating. 

Examination of the Residue obtained by Heating Ammonium 
Dichromate in Air at 192°.—Weighed amounts of pure finely-powdered 
ammonium dichromate, dried at 100°, were heated in a V, Meyer bath, 
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various liquids being used as heating agents. At 182° (boiling aniline) 
the decomposition was very slow, whilst at 205° (boiling nitrobenzene) 
the rate of decomposition was much increased, but sooner or 
later the ordinary deflagration to chromium sesquioxide, nitrogen, and 
water took place. At 192° the slow decomposition occurred with 
sufficient rapidity, and the explosive decomposition did not supervene, 

At this temperature the darkening of the salt was observable within 
a few minutes, and after two hours’ heating the substance had become 
quite black. When large crystals were used instead of the finely 
divided powder, it was evident that decomposition had begun at the 
surface, leaving unaltered dichromate beneath. 

The heating was continued for several days, until the product had 
reached an approximately constant weight. The weight decreased 
steadily at first, and then increased slightly. The residue was a 
black, amorphous, hygroscopic powder, slowly acted on by water, 
yielding chromic acid and hydrated chromium sesquioxide, and 
rapidly by alkalis, yielding the hydrated sesquioxide and a chromate, 
It did not contain nitrogen. 

Six distinct samples were analysed, the results being given in 
table I. The active oxygen was in some cases determined iodometri- 
cally ; in others, by decomposing with alkali and estimating the result- 
ing chromate with ferrous salts. The sesquioxide was determined by 
ignition, and the water by direct weighing. 


TaB.eE I. 


Cr,05 Active oxygen H,O0 
per cent. per cent. per cent. 
84°42 8°98 6°74 

84°06 ; 83°63 9°08 6°86 

83°06 ; 83°02 9°18; 8°97; 9°01 6°54; 6°56 

84°10; 84°41 8°88 ; 8°84 7°03 ; 7°22 
9°02 7°50 


3CrO,,H,O requires Cr,0,= 84°46. O (active)=8-88; H,O0=6°66 
per cent. 


2CrO,,H,O requires Cr,0,=81°74. O (active)=859; H,O=9°67 


per cent. 


The numbers thus agree fairly well with thoge required by the 
formula 3CrO,,H,O, and differ considerably from those required by 
the formula 2CrO,,H,O. The variations between the different samples 
are, however, larger than might be expected for a perfectly definite 
substance. 

In order to eliminate oxidation by the air, and to discover, if 
possible, the intermediate stages of the decomposition, the dichromate, 
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trichromate, and the chromate were each heated in a stream of nitrogen 
at constant temperatures. 

In each case the course of the decomposition was similar ; nitrogen, 
ammonia, and water were evolved, and the salt rapidly became black. 
From this black substance, water extracted some unchanged salt, leaving 
an amorphous, insoluble, black residue, which yielded, on hydrolysis 
with alkali hydroxide, chromate, chromic hydroxide, and ammonia. 

Thrée experiments (A, B, and C) were made with ammonium di- 
chromate ; in A, the salt was heated for four and a-half hours at an 
average temperature of 195-2°; B was similar, except that the average 
temperature, 193°8°, was slightly lower, and C was made in nitrogen 
under about 20 mm. pressure. In this case the apparatus was altered 
slightly, the water and ammonia evolved being collected together in 
concentrated sulphuric acid, and the ammonia alone estimated. 

Experiment D was made with the trichromate, (NH,),Cr,0,,, and 
E with the chromate, (NH,),CrO,; in detail they were similar to 
experiments A and B. 

As the methods of estimation used in each case were similar, they 
are given below, in the account of the experiments with the dichromate. 
The black insoluble residues obtained after extraction with water of 
all unchanged salt from the product of each experiment were very 
similar in appearance and properties. Their compositions are given 
in table IV (p. 92). 

Method of Heating.—The heating apparatus consisted of a large 
corked boiling tube containing methyl benzoate ; through the cork 
passed a condenser and a test-tube. The latter was closed by an 
indiarubber stopper, through which passed a thermometer, the tube 
leading in the nitrogen, and that conducting out the water, nitrogen, 
and ammonia evolved. Inside this test-tube was placed a weighed 
quantity of the finely-powdered dichromate, contained in a short, wide 
tube provided with a loop of platinum wire, so that it could easily 
be removed from the heating apparatus. 

The water evolved was collected in a U-tube containing solid 
potassium hydroxide, and, after its removal, the stream of nitrogen 
containing the evolved ammonia was led into a three-necked flask 
containing V/10-acid tinted with methyl-orange. The jet of a burette 
passed through one of the necks, so that a measured amount of acid 
could be added at any time. By this arrangement, the amount of 
ammonia evolved at any stage could be found, and, at the end of the 
experiment, the weight of water formed and the loss in weight of the 
dichromate also, giving, by difference, the weight of nitrogen evolved 
from the dichromate. As the amounts of ammonia evolved were small, 
a blank experiment was first made, proving that the apparatus was 
entirely free from ammonia. 
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The nitrogen used was prepared by dropping a concentrated solution § godi 
of pure sodium nitrite into a slightly warmed solution of ammonium § itr: 
chloride, and purified by passing through wash-bottles containing D 
ferrous sulphate solution, concentrated aqueous sodium hydroxide, § ¢ont 
concentrated sulphuric acid, and through two tubes containing red-hot T 
copper. When an experiment was to be made, the nitrogen was driven § peut 
from the gas-holder through a wash-bottle containing concentrated § ,yol 
sulphuric acid, through a potash tower, and thence into the heating if 
apparatus by means of a delivery tube, which came within 1 cm. of § jp f 
the surface of the dichromate, so that the products evolved should be 
removed as quickly as possible. 

After each experiment, the black solid resulting from the decom- 
position of the salt was treated with water several times until prac- 
tically nothing more was dissolved from it. Although water had a 
slight action on the insoluble part, it was not difficult to discover when 
all the soluble portion (proved to be unaltered ammonium dichromate 
by estimations of chromic acid and ammonia) had been extracted. For 


instance, in experiment J, extraction with water at the ordinary 
temperature for fifteen minutes withdrew 1:5912 grams of unaltered 
dichromate, whereas a further extraction, for the same length of time, 
removed an amount estimated to be not more than one milligram. rs 
The insoluble portion, that is, the residue left by the dichromate that - 
had undergone decomposition, was separated from the extracted se 
unaltered salt by filtration in a Gooch crucible, and was then decon- . 
posed by boiling with sodium hydroxide in a current of steam, the 7 
evolved ammonia being determined by standard acid. ” 
The other products of the action of sodium hydroxide, namely, . 
wi 
tra 
Tase II. 80] 
Time of 
heating Weight 
in Weight decom- Lossin Water Ammonia Nitrogen ra] 
Expt. hours. Temp. taken. posed. weight. evolved. evolved. (by diff.). in 
y. Ferree 4% 195°2° 3°2653 1°6376 0°3139 0°21385 0°0185 0:°0819* 
Yer 44 193°8 2°3393 0°7481 0°13816 0°08382 0°0074 _ 
OF ar Gin 24 195°0 1°4418 0°7410 0°1305 _— 0°0109 _ 
MP ssenos 3 194°7  3°4862,) »«s-1'2776 )3=—:00°1783—S «01179 =: 00031 _ a8 
Benin 3 1958 1:7270 all 0°5564 0°2721 01923 — ra 
7 ta 
* The accuracy of this amount of nitrogen, obtained by difference, may be verified id 
thus : e 
Total nitrogen originally present in 1°6376 grams of dichromate (this being the ty 
amount of the salt decomposed) =0°1818 gram. ge 
Nitrogen found in residue from this dichromate =0°0839 gram. t 
Nitrogen evolved as NH,;=0°0152 gram : therefore nitrogen evolved in free state ' 
=0°1818 — (0°0839 + 0°0152)=0°0827 gram, a value which is in close agreement 
with the amount, 0°0819 gram, found as above. tl 
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sodium chromate and chromic hydroxide, were then separated by 
filtration, and the chromate determined by ferrous iron. 

Details of each experiment are given in tables II and III; table IV 
contains the analyses of the insoluble residues. 

The following numbers, representing c.c. of acid (W/10 x 1-055) 
neutralised by the evolved ammonia in expt. A, show that it was 
evolved at a constant rate. 

In first hour, 2°06 ; in second hour, 2°48 ; in third hour, 2°50; and 
in fourth hour, 2°33. 


Taste III. 
Ratio. 
Nitrogen evolved 
Amount of decom- Rate of evolution in free state. 
position of salt per of NH; per 100 grams Nitrogen evolved 
Expt. 100 grams per hour. of salt per hour. as NH. 
penne 11°15 grams. 0°126 gram. 54 
Seana: 711 ,, 0070 ,, rat 
|? pies 19°44 ,, 0250 ,, 4°2 
pS 12°22 ,, 0-030 ,, 20°8 
Bh sccsnigun _ ' — 0°56 


From the figures given, it may be seen that rise of temperature and 
lowering of pressure have considerable effect in increasing the rate of 
decomposition of the dichromate, yet do not much influence the 
fraction of the contained nitrogen evolved as ammonia. 

The rate of decomposition of the trichromate was greater than that 
of the dichromate, but, as might have been anticipated, muck less of 
its nitrogen was evolved as ammonia. 

In experiment Z, on extracting the solid product of the decomposition 
with water, it was found that 98 per cent. of the chromate had been 
transformed into a black, insoluble residue, whilst 2 per cent. dis- 
solved as ammonium dichromate. 

It seemed probable that the ammonium chromate would be very 
rapidly decomposed into the dichromate, ammonia, and water accord- 
ing to the equation : 

2(NH,),CrO, = (NH,),Cr,0, + 2NH, + H,O, 

as this decomposition occurs slowly at the ordinary temperature and 
rapidly at 100°. After this supposed conversion into dichromate had 
taken place, the rest of the decomposition might be expected to be 
identical with that of the dichromate. This was partly confirmed by 
experiment, for it was found that the ammonia evolved during the first 
twenty-five minutes’ heating neutralised 92°5 c.c. of acid ; during the 
second twenty-five minutes, 13:0 c.c. of acid, and during the third 
twenty-five minutes, 1°8 c.c. of acid. 

Thus, of the total amount of ammonia, 0°3860 gram, contained in 
the chromate used, 0°1923 ‘gram, or almost exactly half, was evolved 
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as ammonia, and more than nine-tenths of this evolution took place 
during the first thirty minutes’ heating. 

The dichromate formed from the chromate, however, decomposed 
much more rapidly than the dichromate used in experiments 4A, B, 
and C. For example, in experiment A, after four and a-half hours’ 
heating, only half of the salt had been transformed into the insoluble 
residue, whilst, in this case, three hours’ heating at almost the same 
temperature had decomposed practically the whole of the salt. 

It will be seen, also, in table IV that, although the dichromate and 
chromate residues were similar in properties, the chromate residue con- 
tained considerably more chromium sesquioxide, 

Examination of the Insoluble Residues.—The solid residues, obtained 
by the decomposition of the salts in the foregoing experiments, were 
all black, amorphous solids, very similar in appearance. They were 
insoluble in water, but were slowly acted on by it toa slight extent, 
giving up chromium trioxide and ammonia. The residue from 
the trichromate was the most easily acted on by water, but the 
difference was not great. All were decomposed similarly, by boiling 
with aqueous sodium hydroxide, into sodium chromate, chromic 
hydroxide, and ammonia. 

Experiments proved that these residues took up small amounts of 
water during the extraction of the unchanged salts, but in table IV 


the percentage compositions are those of the residues before this 
absorption of water had taken place. 


Tasle IV. 


Composition in percentages Composition expressed 
of substances formed on hydrolysis. in molecular ratios. 
CrO,. H,0. Cr,0; CrO, NH; H,0. 
52°36 és 5°09 1°00 2°29 1°98 vat} 


53°58 : 5°66 1°00 2°51 2°28 1°47 
53°27 : 6°86 1°00 2°47 1°94 1°77 
56°87 *t 6°10 1°00 2°73 1°50 1°63 
46°12 "13 7°70 1°00 1°79 1°63 1°67 


As stated above, these residues were slightly acted on by water, and 
consequently, in separating them from the unchanged salts, a very small 
amount of decomposition took place, but this was not sufficient 
materially to alter their compositions. 

Lt will be seen that the dichromate residues do not differ much from 
one another in composition ; in particular, those from experiments 
B and C have almost identical] percentages of chromium sesquioxide 
and chromium trioxide, although these experiments were made under 
different conditions ; these two residues likewise contain chromium 
sesquioxide, chromium trioxide, and ammonia in molecular ratios 
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which approach to simple whole numbers (2:5:4). The properties of 
these residues are not those of ammonium salts in general, for they are 
black, insoluble, and amorphous ; the production from them, on hydro- 
lysis, of a chromate and ammonia may indicate possibly that they are 
mixtures of chromium sesquioxide, formed by the reduction of the 
chromium trioxide of the salts by the hydrogen of the ammonium 
radicle, with some substance, such as an amide, capable of yielding 
chromic acid and ammonia on hydrolysis, and produced by a 
simultaneous dehydration of the salt. 

The evolution of ammonia at a uniform rate throughout the decom- 
position of the dichromate renders it unlikely that it is a secondary 
product formed, for instance, by the action of the basic sesquioxide 
produced by decomposition of part of the salt on the undecomposed 
portion. 

A few experiments were also made in order to estimate the amount 
of ammonia evolved in the ordinary rapid decomposition of the 
dichromate, but the exact estimation was rendered difficult owing 
to the simultaneous production of oxides of nitrogen. In the experi- 
ments made, the nitrogen evolved as ammonia was always in excess of 
that evolved in the form of oxides. 


CHEMICAL LABORATORY, 
Guy’s HosPITAt, 


XIIL.—The Chemical Dynamics of the Reactions 
between Sodium Thiosulphate and Organic Halogen 
Compounds. Part. III. 


By Artuur Stator and Doveias Frank Twiss. 


Ix two previous communications by one of us (Trans., 1904, 85, 
1286 ; 1905, 8'7, 482), some account has been given of measurements 
of the velocity of the reactions between sodium thiosulphate and a 
number of organic halogen compounds. ‘The reaction consists in the 
replacement of the halogen by the group NaS,O,, and proceeds 
quantitatively in dilute solution in the case of a large number of 
organic compounds, 

The velocity of these reactions (except with two dihalogen com- 
pounds) is approximately proportional to the concentration of the 
sodium thiosulphate. From a consideration of the rates of reaction of 
a number of metallic thiosulphates with ethyl bromoacetate, it is 
concluded that the reaction is one primarily connected with the 8,0,” 
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ion, and that such complex ions as AgS,0,’, Ag(S,0,).”", and Pb(S,0,)," 
are relatively inert. 
The velocity of the reaction is also proportional to the concentration 
of the halide, and sodium thiosulphate can therefore be used as 4 
reagent to compare the activities of a number of such compounds, 
The present communication contains an account of the reactions 
with other types of halogen compounds. Sodium thiosulphate reacts 
with propyl! iodide, forming sodium propyl thiosulphate, and analogous 
compounds are also obtained when the reaction is carried out with 
isopropyl iodide and with allyl iodide (Purgotti, Gazzetta, 1892, 22, 
i, 416). 
In dilute solution, n-propyl and allyl iodides react quantitatively, as 
shown by the following experiments. Weighed quantities of the 
iodides were allowed to react with excess of sodium thiosulphate in 
aqueous-alcoholic solution, and the excess of thiosulphate titrated after 
completion of the reaction : 
00950 gram xn-C,H,I required 53:1 c.c. W/100-Na,S,0,= 
C,H,I : 0°95Na,S,03. 

00950 gram n-C,H,I required 52°6 cc. N/100-Na,S,0,= 
C,H,I : 0-94Na,S,0,. 

0:3710 gram C,H,I required 216 ec. WN/10-Na,S,0,= 
C,H,1: 0°98Na,S,0,. 

In the case of isopropyl iodide the reaction proceeds too slowly to 
measure this ratio. 

Velocity experiments were carried out, using as a solvent a mixture 
of alcohol and water in the proportion of five to three by volume, 
Solutions of the two reagents in suitable concentration were mixed, 
and the reaction followed by titration with 1/100-iodine solution in 
the manner previously described. The experiments were carried out 
in flasks resting in a thermostat. 

The constant X is calculated by the usual formula for a bimolecular 


reaction: Kx C, = * log. CoCr /CoC® 


where ¢= time in minutes ; 

C,,C. = the initial concentrations of the two reagents ; 

C,C; = the concentrations after time ¢ ; 

Ca = the concentration of the excess of sodium thiosulphate 
expressed in gram-equivalents per litre. 

The infinity value of the sodium thiosulphate titre is the final 
constant value obtained when the reaction is complete. In the case 
of isopropyl iodide, the reaction proceeds too slowly to obtain this 
value experimentally, and it is calculated on the assumption that 
the reagents react in equivalent proportions. The tables show that 
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n-propyl iodide is nearly seventeen times as reactive as <sopropyl 
iodide, whilst allyl iodide is 173 times as reactive as n-propyl iodide. 
The activity of allyl iodide is remarkable, as it is even more reactive 
than methyl iodide. 

Details of the titrations are given in the case of the reaction with 
allyl iodide in order to show the method of calculation and the 
typical agreement of the results. In the case of the other reactions, 
only the initial and final values of the thiosulphate titrations and the 
mean value of the velocity constant X are given. 


TaBLE I.— Allyl and Propyl Iodides. 
Solvent.—Alcohol + water (5 : 3 by vol.). 
Allyl Iodide. | Allyl Todide. 


Temperature, 25°, | Temperature, 15°. 
10 c.c. titrated. I=0°0124 XN. 5 c.c. titrated. I=0°00992 N. 
Time. (Na,S,0;). (C;H;[). KxCo. Time. (Na,S,O9). (C3H,I). Kx. 
0 16°58 —_ 20°34 7°05 — 
2 «©1407 : 0°045 1811 4°82 0-038 
6 12°36 , 0°042 16°40 3°11 0°0375 
10 11°10 4 0°044 15°14 1°85 0°038 
20 9°99 ' 0°041 14°17 0°88 0°0375 
ms 9°32 13°29 0 av 
' Mean......... 0°038 
K=1°44. 
Other expts. gave K=1°43, 1°32, 1°34. 
Mean 


Temperature quotient = 2°65. 
Calculated value at 35°: K=9°7. 


n-Propyl Iodide: 2 c.c. titrated. 


Temperature. Solvent. Extreme values (Na,S,0s). R. 
35° Alcohol + water 18°1 c.c.—11°8 c.c. 0°054 
14°9 c.c.— 8°9 ce. 0°058 
17°9 c.c.—11°8 c.c¢. 0°056 
BOER. ccceccsceacse OVE 


” 


99 


isoPropyl Iodide: 2 ¢,c. titrated. 
35° Alcohol + water 20°2 c.c.—10°3 c.c. 070034 


Chloroacetone and chloroacetophenone react very rapidly with 
sodium thiosulphate, and, as the following experiments show, the 
interaction takes place quantitatively : 

01315 gram ©,H,OCl required 13°9 cc. W/10-Na,S,0,= 

C,;H,OCl1 : 0-98Na,8,0,. 
01425 gram C,H,OCl required 9°3 cc. /10-Na,S,0,= 
C,H,OCI : 0:99Na,S,0.. 
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Velocity measurements of the reaction with chloroacetone were 
carried out in aqueous solution and also in aqueous-alcoholic solution, 
The reaction with chloroacetophenone could be carried out only in 
aqueous alcohol. As the following tables show, these chlorides are 
very reactive. They are more reactive than any other chloride 
used in this series of investigations. The corresponding bromine 
compounds react almost instantaneously under these conditions, 
and no measurements of the velocity of the reactions were 
obtained. 

Chloroacetone is six times as reactive as ethyl chloroacetate, and 
seventeen times as reactive as methyl chloride. 

The compounds formed by these reactions are easily isolated, but 
a description of them is reserved for a}future communication, when 
it is hoped also to describe other derivatives. 


TaBeE II.—Chloroacetone and Chloroacetophenone. 


Chloroacetone. 


Temperature. Solvent. Vol. titrated. Extreme values (Na,S,0,). 
25° Water 10 c.c. 28°9 c.c.—16°6 c.c. 
29°2 c.c.—16°5 c.c. 
27°4 c.c.—13°1 c.e. 
31°2 c.c.—14°9 ¢.c. 


9? 2? 
9? 9) 


9? 39 


25°2 c.c.—11°6 c.c. 
26°4 c.c.—10°4 c.c. 


2? >? 


2? 33 


Temperature quotient =2°8. 


Alcohol+water 5 c.c. 20°7 c.c.—9'9 c.c. 


Chloroacetophenone. 


Alcohol+water 5 c.c. 20°1 c.c.—11°7 c.c. "6 
27°4 c.c.—15°6 c.c. 6 
ONE ido tesa nko 6 


2? 3? 


Benzyl chloride and sodium thiosulphate react, forming sodium 
benzyl thiosulphate. A specimen of the isolated salt gave on 
analysis : 

0°3020 gave 0:0940 Na,SO,. Na=10-09. 

0°2840 ,, 0°0895 Na,SO,. Na=10°22. 

C,H,0,S,Na requires Na = 10°18 per cent, 

0-, p-, and m-Nitrobenzyl chlorides form the corresponding salts 
(Price and Twiss, Trans., 1908, 93, 1401). The four chlorides react 
quantitatively with sodium thiosulphate : 

0°3495 gram C,H,] required 26° cc. /10-Na,S,0,= 

C,H,Cl : 0:96Na,S,0,. 
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03225 gram o-C,H,O,NCI required 18°8 cc. N/10-Na,8,0,= 
C,H,0,NCI : 1-00Na,S,0,. 

03068 gram p-C,H,O,NCl required 17°6 c.c. W/10-Na,S,0,= 
C,H,O,NCI : 0°98Na,S.0,. 

03830 gram m-C,H,O,NCI required 22°3 c.c. N/10-Na,8,0,= 
C,H,O,NC1 : 1°00Na,S,0,. 

Measurements of the velocity of these reactions were carriéd dut at 
35° in aqueous-alcoholic solution, The following table shows that 
the velocities of reaction with benzyl chloride and with o-nitrobenzyl 
chloride are approximately equal. p-Nitrobenzyl chloride is about 
twice as reactive as these two compounds, and the activity of the 
meta-compound lies betweea that of the ortho- and the para-deriv- 
ative. The activity of these compounds is of the same order as that of 
methy! chloride. 


Taste IIL.—Benzyl Chloride and the Nitrobenzyl Chlorides. 
Solvent.— Alcohol + water (5:3 by vol.). 


Temperature 35°: 2 c.c. titrated. 

Extreme values, Na,S,O,. 

Benzyl] chloride 17°0 c.c.—8°5 c.e. 

Pe ‘ saeeak 17°9 c.c.—8°5 e.c. 

Mean 
o-Nitrobenzyl chloride 17°2 c.c.—10 9 e.c. 
14 5c.e.— 9°8 cc. 

Mean 


p-Nitrobenzyl chloride 19 5 c.c.—12’6 c.c. 
13°7 c.c.—10°4 c.c. 
PERS os sicsedie sent 


9? 


%? 


m-Nitrobenzyl chloride ........... 16°5 ¢.c.—11°4 c.c. 
scccccscccscoes, 17°F C.C.—12°2 ¢.€. 


” 
” 


Ethyl a-bromopropionate and ethyl a-bromobutyrate interact with 
one equivalent of sodium thiosulphate : 
04863 gram C,H,O,Br required 25:1 c.c. W/10-Na,S,0,= 
C,H,O,Br : 0°93Na,8,0,. 
04883 gram OC,H,O,Br required 25°2 c.c. N/10-Na,S,0,= 
C,H,0,Br : 0°93Na,8,0,. 
05062 gram C,H,,0,Br required 24°9 c.c. W/10-Na,S8,0,= 
C,H,,0,Br : 0:96Na,S,0,. 
0666 gram C,H,,0,Br required 32°6 ec, N/10-Na,S,0,= 
C,H,,0,Br : 0°95Na,S,0,. 
The reactions proceed with measurable velocity at 25° and 35°, 
Aqueous alcohol was used as the solvent. 
VOL, XCV. H 
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TaBLeE 1V.—Zthyl a-Bromopropionate. 
Solvent.— Alcohol + water (5 :3 by vol.) 
2 c.c, titrated. 


Temperature. Extreme values of (Na,S,0,). 
35° 17°3 c.c.— 8°'3 c.c. 
25 20°4 c.c.—11°5 e.c, 


Temperature quotient =2°3, 


Ethyl «a Bromobutyrate. 
35° 21°1 c.c.—12°6 c.c. 0°022 


The values of X in these two experiments depend to some extent on 
the initial concentration of the reagents. More dilute solutions were 
found to give higher values of the velocity constant. 

Ethy] chloropropionate, ethyl bromoisobutyrate, and ethyl bromoiso- 
valerate react too slowly to give satisfactory measurements. 

Trimethylene dibromide reacts with sodium thiosulphate with 
an approximate velocity K =0:02 in aqueous-alcoholic solution at 35°. 
Both bromine atoms are apparently replaced, but the reaction has 
not been further investigated. 

Trimethylene chlorobromide reacts slowly, and propylene dibromide 
still more slowly. Epichlorohydrin and ethyl chlorocarbonate react 
comparatively rapidly with sodium thiosulphate, but the reactions are 
complicated by the simultaneous hydrolytic replacement of the 
chlorine. The following approximate values of the velocities were 
obtained : 

Epichlorohydrin, K=0'1 at 35°. 
Ethyl chlorocarbonate, K=1°0 ,, 35°. 

Ethylene chlorohydrin reacts with sodium thiosulphate, but too 
slowly for exact measurement. Chloroacetal does not react, or reacts 
only very slowly with thiosulphates. 

With the following compounds no reaction with sodium thiosulphate 
could be detected : iodobenzene, bromobenzene, o-bromotoluene, p-bromo- 
toluene, o- and m-chloronitrobenzenes, and benzylidene chloride. 

Picryl chloride and sodium thiosulphate interact comparatively 
rapidly, with formation of a compound which crystallises out during 
the reaction. The reaction is being further investigated. Acid 
chlorides react with sodium thiosulphate, but the reaction is com- 
plicated by hydrolysis of the acid chloride. 

The velocity constants obtained in this and in the previous com- 
munications can be conveniently summarised iu the following table. 
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TaBL—E V.—Summary of Velocity Constants. 


Solvent.— Water. 
Temperature 
quotient 
35”. r mei, 
Methy! iodide 3°05 
,, bromide . 
,, chloride 
Ethyl iodide ... 
,, bromide 
Ethylene bromide 
Ethyl ivdoacetate 
bromoacetate 
«9 Chloroacetate: ......s<.csessevaes 
Methyl bromoacetate 
,  chloroacetate 
Sodium bromoacetate 
»  chloroacetate 
Chloroacetone 


0°068 
0°170 


SOoORNE 


Oo 


WNWNNNNN DN Db oo cw Ww ow 
Or 


On OOS) 


Methy] iodide 
Ethylene iodide 


»  bromoiodide 


‘Solvent.— Alcohol + water (5:3 by vol.). 


0°056 


Propyl iodide 
0°0034 


isoPropy] iodide............seeceesee oe 
Allyl iodide Fe 

Bromoacetone 

Chloroacetone 


0°085 
0 022 
small 
0°166 
0°166 
0°305 
0°194 
1°0 

0°1 

small 
0°01* 
small 
small 


» @-bromobutyrate 

», a-bromozsebutyrate 
Benzyl chloride . .,........00ssss0.s0s00 
0-Nitrobenzyl chloride 
p-Nitrobenzyl chloride ........... 
m-Nitrobenzyl chloride 
Ethyl chlorocarbonate 
Epichlorohydrin 
Ethylene chlorohydrin 
Trimethylene dibromide 
Propylene dibromide ...... 
PNUD so ennntniiesnnmnbtvinnrsdtse 


* In these cases, two halogen atoms are replaced, and the velocity coefficients 
have therefore been halved. i 


A consideration of this table of results shows that various sub- 
stituents. greatly alter the activity of the methyl halides towards 
sodium thiosulphate. Bromoacetone and bromoacetophenone are the 
most reactive compounds that have been investigated. The esters 


of the substituted acetates rank next in activity, Ethyl chloro- 
H 2 
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carbonate also reacts quickly with sodium thiosulphate. All thege 
compounds contain the carboxyl group, to which the great activity can 
be attributed. An ethylene linking has a similar influence ; thus ally] 
iodide is more reactive than any alkyl iodide. Compounds containing 
other substituents are in all cases less reactive than the methy] halide, 
with the exception of some benzyl derivatives. The activity of methyl 
chloride lies between that of benzyl and p-nitrobenzyl chloride. The 
influence of these benzene substituents is therefore relatively small, 
The great activity of the allyl and benzyl derivatives is probably due 
in each case to the unsaturated nature of the compound. The ethy! 
halides are less reactive than the corresponding methyl compounds, 
and, as we ascend the alkyl series, the activity rapidly diminishes, 
The substituted acetates are very reactive, but the activity of the 
corresponding propionate and butyrate is much less. In each of these 
two series of compounds the tso-derivatives are much less reactive than 
the corresponding normal compounds. 

The group -CH,I has a less inhibiting effect than the methyl 
group; thus ethylene di-iodide is less reactive than methyl iodide, but 
more reactive than ethyl iodide. The -CH,Br group has a greater 
inhibiting effect than the methyl group; thus ethylene dibromide is 
less reactive than ethyl bromide.* Propylene dibromide is less reactive 
than trimethylene dibromide. The fall in activity of the following 
series of compounds is interesting : 

CH,Ci*COMe K =0°375. 

CH,Cl-CO,Me K=0°059. 
CH,Cl-CH-CH, A =0°01 (approximately). 

oF 
O 

CH,Cl-CU,Na K =0°0042. 
CH,CI‘CH,,OH A=small. 
CH,Cl-CH(OEt), A=small, 


The hydroxyl group and its derivatives evidently have a considerable 
inhibiting effect on the activity of the compound, 
The ratio of activity of chlorides, bromides, and iodides is as 


follows: 
Iodide. Bromide. Chloride. 


Methyl 0-026 
NEE. shavacesi\arteniccaus ce Sicaes “65 — 
Ethyl halogen acetate ; 0-009 
Methy! halogen acetate ........ : 0°010 
Sodium halogen acetate 0°013 
The influence of the solvent on the velocity coefficients is large. 


Methyl iodide is three times as reactive in aqueous alcohol (5: 2) as 


* In the table, Trans., 1904, 85, 1304, the number opposite C,H,Br, should read 
0'0034 instead of 0°034. 
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in water. Chloroacetone is about four times as reactive in aqueous 
alcohol (5:3) as in water. These factors have been used to obtain 
comparative coefficients when experiments were carried out in different 
solvents. The differences in velocity are in most cases so great that 
these approximate factors can be used, but many of the measurements 
which have been carried out in aqueous solution can, with advantage, 
be repeated, using the composite solvent. 

The temperature-coefficients of eighteen of these reactions have been 
measured, and are given in the table. Definite groups of halides 
appear to give almost identical temperature-coefficients, but the total 
variation is too small to draw any general conclusions. 

It has been pointed out by Miss K. A. Burke and F. G. Donnan 
(Trans., 1904, 85, 55) that the reactions between the alkyl iodides 
and various reagents can be divided into two groups. To the first 
belong the reactions with ethyl sodioacetoacetate (Wislicenus), triethyl- 
amine (Menschutkin), and sodium ethoxide (Hecht, Conrad, and 
Briichner). 

The resemb'ance between them is mainly in certain qualitative 
relationships in the velocity coefficients of the three sets of reactions. 
The reactions with sodium thiosulphate can also be classed in this 
group. This is clearly shown by a comparison of the velocity 
coefficients of this reaction and the one with ethyl sodioacetate. The 
order of activity of the iodides is in each case: allyl, methyl, ethyl, 
propyl, isopropyl. The reactions with sodium thiosulphate have been 
extended to a number of halogen compounds which have not yet been 
used in the other three cases. Many of the halides which react 
so rapidly with sodium thiosulphate probably also react rapidly with 
the other reagents of group 1. It remains to be seen if resemblances 
can be traced over this wider range of reactions. 

The second group of reactions differs in many ways from the first. 
Burke and Donnan find that if the activities of the alkyl iodides are 
measured by the velocity coefficients of the reaction with silver nitrate, 
the order is: isopropyl, ethyl, n-propyl, methyl, n-butyl, isoamyl, 
isobutyl. 

They draw attention to the difference between this order of activity 
and that found in the case of the reactions of group 1. 

The order of activity corresponds almost completely with that given 
by the rate of production of free iodine in alcoholic solutions of the 
iodides when exposed to light and air. Silver nitrate and dissolved 
oxygen can therefore be classed as reagents of group 2. The oxidation 
of the iodides is accelerated by the addition of potassium iodide. The 
decomposition of ethylene di-iodide and ethylene bromoiodide is greatly 
influenced by the presence of potassium iodide (Siator, Trans., 1904, 85, 
1697), and it is therefore possible that the catalytic decompositions of 
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these ethylene derivatives are reactions closely allied to those of 
group 2. 

Euler (Ber., 1906, 39, 2726) has described other differences between 
the two groups of reactions. He shows that when chloroacetic 
acid, bromoacetic acid, and ethyl bromide react with silver nitrate, 
the velocity coefficients do not in any way correspond with those 
measured by the rate of hydrolysis of the halides by sodium 
hydroxide. 

The latter reaction does not belong to those of group 2, and it is 
doubtful whether it ought to be classed with those of group 1 (Burke 
and Donnan, loc. cit., p. 560). Euler also finds that sodium chloro- 
acetate is eight times as reactive as ethyl chloroacetate when the 
reaction with silver nitrate is used to measure the activities. Sodium 
thiosulphate, on the other hand, reacts fourteen times as rapidly with 
the ester as with the sodium salt. 

Burke and Donnan (Joc. cit., p. 558), in discussing the reactions of 
group 1, conclude that the reactivity of the iodides in the three 
reactions is due to the same condition or function of the molecule, 
The reactions of group 2 would seem to be dependent on some 
other condition of the molecule, for we get resemblances between 
the two reactions of this group and marked differences between the 
reactions of the two groups. It is suggested that the two conditions 


of the molecule are in reality two different forms of the halide, and 
that one group of reagents acts on one form and the other group on 
the second form of the halide. 


There is no difficulty in constructing equations to represent the 
equilibrium between the different forms, and at the same time 
bring them into agreement with the experimental results. The 
suggestion is further supported by some other results of this 
investigation. 

_ When sodium thiosulphate reacts with ethylene chloroiodide and with 
the chlorobromide, the velocity is independent of the concentration of 
the thiosulphate (Trans., 1904, 85, 1301). 

This admits of easy explanation on the assumption that the active 
form of the halide reacts rapidly with the sodium thiosulphate. The 
change measured in this case is the reactign involving the formation of 
the active form of the halide, and this is a reaction quite independent 
of the thiosulphate. 

We are not yet able to bring forward a plausible suggestion 
as to the chemical nature of the different forms of the halide, but we 
can say with some certainty that they are not of the nature of dis- 
sociated substances of the electrolytic or “ alkylidene” or “alkylene” 
type suggested by Nef and discussed by other investigators, 
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XIV.—The Crystallisation of Externally Compensated 
Mixtures. 


By Freperic Stantey Kippine and WILLIAM Jackson Pope. 


As attention has again been directed by the work of Ostromisslensky 
(Ber., 1908, 41, 3035)-to the interesting nature of the problems 
involved in the crystallisation of externally compensated mixtures, we 
think it desirable to record briefly the results of some experiments on 
the subject which we commenced in 1898; our joint work was 
interrupted several years later, before it had been brought to a definite 
issue, by the cessation of our collaboration. 

Eleven portions of a solution of sodium ammonium d- and /-tar- 
trates, prepared from racemic acid, were nearly saturated with 
dextrose and then allowed to evaporate spontaneously ; one only 
yielded an optically inactive crop of crystals, whilst the other ten 
afforded deposits which, after recrystallisation, consisted principally 
or entirely of sodium ammonium d-tartrate. As the racemic acid 
used in preparing the sodium ammonium salt had been polarimetrically 
examined and found to be optically inactive, and, as a further 
precaution, had been subsequently crystallised from water, we 
concluded that the presence of the dextrose in the solution was 
responsible for the resolution of the mixture of d- and /-tartrates ; 
a preliminary note was published embodying these observations 
(Proc., 1898, 14, 113). 

After confirming these results by repetition and by performing 
analogous experiments in solutions of levulose, all of which yielded 
strongly dextrorotatory deposits of sodium ammonium salt, we 
carried out similar series of spontaneous crystallisations omitting 
addition of the sugar. It was then found that when racemic acid, 
obtained from Kahlbaum, and further purified by crystallisation from 
water, was converted into its sodium ammonium salt and aqueous 
solutions of this salt were allowed to evaporate spontaneously in open 
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beakers so that only a few large crystals separated, the deposits 
consisted wholly or in the main of sodium ammonium d-tartrate; 
when, however, the deposits consisted of numerous small crystals, 
they were, in general, almost or quite optically inactive. 

These observations seemed to suggest that our racemic acid, 
notwithstanding its apparent optical inactivity, still contained a slight 
excess of d-tartaric acid ; it is conceivable that a very minute excess 
of the d-acid could cause the d-tartrate to crystallise out before the 
enantiomorphously related salt, and so give rise to the experimental 
results described above. 

As racemic and tartaric acids differ entirely in crystalline form and 
in the proportions of water of crystallisation which they take up, 
and as the former acid is much more soluble in water than the latter, 
the recrystallised, well-washed racemic acid should be optically inactive, 
and any d-tartaric acid originally present should be found in the 
mother liquors. Since the examination of such liquors seemed to offer 
the best mode of detecting d-tartaric acid in our purchased samples of 
racemic acid, a fresh quantity (487 grams) of racemic acid was 
systematically recrystallised from water; each deposit was well 
washed by the aid of the pump, and the combined filtrates and 
washings concentrated. These operations were repeated until the 
most soluble fraction was concentrated in 15 cc. of slightly 
yellow solution, which, it was to be supposed, would contain 
all the d-tartaric acid present as impurity in the racemic acid. On 
rendering this slightly alkaline with ammonia, it appeared inactive 
when examined in a 2-dem. tube in a polarimeter reading to two 
minutes of are. 

The most highly purified fraction (300 grams) of this racemic acid 
was converted into the sodium ammonium salt, and the solution 
allowed to evaporate spontaneously in twenty open beakers ; sixteen 
dextrorotatory, three levorotatory, and one optically inactive deposit 
were thus obtained. Nearly all the dextro-deposits consisted of 
almost pure d-tartrate, whereas the rotatory powers of the levo- 
deposits corresponded with an excess of only about 20 per cent, of /. 
over the d-tartrate present. 

These results seemed to suggest that the separation of the 
d-tartrate might be due to the introduction of some material present 
in the laboratory dust, and we therefore endeavoured to obtained 
deposits of large crystals in a dust-free atmosphere. The solution of 
sodium ammonium d- and /-tartrates prepared from racemic acid, 
which had been repeatedly recrystallised as above described, was 
poured into beakers, which, while still hot, were placed in desiccators 
so that the condensed vapours would dissolve any crystalline particles 
present in the atmosphere of the desiccator before the solution was 
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cold ; the solutions were then left to evaporate over sulphuric acid or, 
in some cases, by aspiration of dry air, filtered through cotton wool, 
through the desiccator. Under these conditions, the solutions could 
not be caused to deposit large crystals such as were required for our 
purpose ; they merely became concentrated to syrups, which, after 
the lapse of several weeks, became converted into hard, crystalline 
cakes. The presence of atmospheric dust thus seems necessary to 
determine the separation of large single crystals of the salt. 

In view of the possibility that the atmospheric dust of the ordinary 
laboratory might contain particles of d-tartrates, a further set of 
erystallisations was carried out in a separate room ; the beakers con- 
taining the hot solutions were placed in desiccators, as_ before, 
each desiccator containing six or eight beakers, and the next morning, 
in order to start crystallisation, the covers were removed for a few 
seconds and then replaced. At the end of the next hour or so,’some 
of the solutions had given deposits of a few (one to four) large crystals ; 
the beakers containing these solutions were then removed and the 
crystals examined. The removal of the desiccator covers for this 
purpose determined the separation of suitable deposits in most of 
the other solutions, Of the ten deposits thus obtained, five consisted 
of the dextro-salt, four of the lwvo-salt, and one of the inactive 
material. 

Another series of crystallisations was carried out in the same way 
as the above, using, as before, a solution prepared from carefully 
purified racemic acid, and at the same time a portion of the same. 
solution was allowed to crystallise in open beakers in the ordinary 
laboratory ; of nineteen deposits obtained in the desiccators in the 
separate room, eleven were dextro-, and eight lzvo-, rotatory, whilst of 
nineteen deposits obtained in the beakers freely exposed to the. 
laboratory air, sixteen were dextro-, and only three lxvo-, rotatory. 

These observations appeared to confirm our suspicion that the pre- 
ferential crystallisation of the d-tartrate was induced by the dust 
present in the laboratory atmosphere. 

A further investigation of the racemic acid was now carried out 
with the aid of a polarimeter reading to 0:01° in order to provide 
information as to the ease with which this acid can be freed from 
tracas of d-tartaric acid. The results of this investigation are at 
present, quite inexplicable. 

A sample of racemic acid (Kahlbaum’s) was divided into five 
portions, each of 100 grams ; these were separately and systematically 
fractionally recrystallised from boiling water until the final cold 
saturated mother liquor from each 100 gram sample occupied rather 
less than 15 c.c. Each of the five lots of mother liquor was diluted 
to 15 c.c, and examined in a 2-dem. tube ; the observed rotatory powers 
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were ap + 9°15°, +0°04°, +0°06°, 0°00°, and 0-00° respectively. This 
was the first occasion on which we had detected the presence of 
optically active material in the racemic acid used ; the sample was, 
however, a new one, which might or might not have been identical in 
character with those previously purchased from the same source. It 
is very remarkable that whilst three of the 100 gram lots of the same 
acid gave slightly dextrorotatory mother liquors, the other two yielded 
mother liquors which were optically inactive. 

We were thus led to make a quantitative experiment in order to 
ascertain whether racemic acid, to which a little d-tartarie acid had 
been added, could be easily separated from the latter by recrystallisa- 
tion from water. d-Tartaric acid (2°24 grams) was dissolved in hot 
water, together with racemic acid (224 grams) which had been 
recrystallised several times, and the solution allowed to cool; the 
crystalline deposit was separated from the still warm solution by the 
aid of the pump and washed with a little cold water, the combined 
filtrate and washings being then concentrated to obtain a second 
deposit. These operations were.continued until four successive 
fractions, each of 40 to 70 grams, were obtained ; the mother liquors, 
which then contained perhaps about 10 grams of acid, were finally 
evaporated to dryness. The five fractions were then examined polari- 
metrically, for which purpose 3 grams of each was dissolved in a slight 
excess of dilute ammonia, the solution diluted to 25 c.c., and examined 
in a 2-dem. tube; the observed rotatory powers were respectively 
[a]p +0°005°, +0:02°, +0°05°, +0:05°, and +1°42°. In these 
experiments none of the five fractions was recrystallised, and all were 
deposited from solutions containing d-tartaric acid ; the results seemed 
to indicate that racemic acid which had been crystallised twice (or 
more) from water could not retain d-tartaric acid. 

A fresh sample (500 grams) of racemic acid was now crystallised 
from water, the first deposit washed by the aid of the pump, and 
recrystallised and washed again; when approximately air-dry, this 
purified sample (I) weighed 250 grams. After concentrating the 
combined washings and filtrates from this sample and separating a 
number of other fractions, we finally obtained a crop of crystals (II) 
and a mother liquor of about 15 c¢.c., which together represented all 
the more soluble matter from the original sample of 500 grams. The 
last crop of crystals (II) showed no rotatory power when 3 grams were 
dissolved in dilute ammonia, the solution diluted to 25 e.c., and 
examined ina 2-dem. tube ; the mother liquor, examined in a 1-dem, 
tube, gave ay +0°14°. Thinking that the sample (I) must be optically 
inactive, we converted 190 grams of it into the sodium ammonium 
salt and the solution was allowed to evaporate spontaneously in the 
laboratory in twenty open beakers; of the deposits thus obtained, 
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eighteen were dextrorotatory and two levorotatory. It thus seemed 
proved beyond all reasonable doubt that the deposition of the d-salt 
was caused by particles of laboratory dust; as a final precaution we 
converted a portion of the sample (I) into its sodium ammonium salt 
and examined the cold, nearly saturated solution ina 2-dem. tube. It 
gave a rotatory power of ay +0°06°. 

In view of this extraordinary result, we resumed our experiments on 
the crystallisation of racemic acid and determined to examine, not only 
the mother liquors, but also every fraction of the solid. For this 
purpose a quantity (400 to 500 grams) of racemic acid was dissolved 
in hot water and fractionally crystallised as indicated in the following 


scheme : 
Original solution. 


| | 
Deposit 1 Mother liquor 
recrystallised. evaporated. 
| 


| | 
Deposit 2. Deposit 5. 


| | 
Deposit 3. -L. Deposit 6. 


| | 
Deposit 4. M. L. 7. 


Each deposit was washed with cold water and the washings 
added to the mother liquor, the solution being then concentrated by 
evaporation. ‘The air-dried deposits were then examined by dissolving 
3 grams in dilute ammonia, making up to 25 c.c. with water, and 
examining in a 2-dem. tube. The mother liquors were treated with a 
slight excess of ammonia, diluted to 15 c.c. with water, and examined 
also in a 2-dem. tube. The deposits 1, 2, 3, 4,5, 6 and the mother 
liquors 7 and 8 gave respectively a, 000°, +0:09°, +0°01°, +0°06°, 
000°, +0°15°, +0°30°, and +0-09°. 

It will be seen from these results that a sample of the acid (1), 
which contains so small a quantity of a dextrorotatory impurity as to 
seem optically inactive, may on recrystallisation yield a crop of 
crystals (2) of relatively high rotatory power. It is also difficult to 
understand why deposit (3) shows a smaller rotatory power than does 
deposit (2), and deposit (5) a lower rotatory power than those 
numbered (2), (3), and (4). 

For comparison with these results, those obtained in the following 
set of fractional crystallisations may be quoted. A sample of racemic 
acid (183 grams), made up of various portions having rotatory powers 
of the order of those of fractions (1) to (4) in the previous set, was 
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crystallised from hot water, and the first deposit (I) was separated by 
filtration ; the mother liquor was concentrated, and a second separation 
(2) similarly obtained. The resulting mother liquor was again con. 
centrated, and made to yield deposits (3) to (6) by a repetition of the 
processes ; the final mother liquor (7) was carefully collected. Each of 
the fractions into which the sample of acid had been thus divided was 
polarimetrically examined by dissolving a known weight in 25 e., 
with addition of slight excess of dilute ammonia and examined in a 
2-dem. tube ; the results are stated in the following table. 
Weight Weight in 
of same 25 c.c. 
Fraction. _in grams, (grams). . [a], 
2°89 +0" +0°17° 
2°94 ; + 0°25 
2°09 ; 0°00 
2°14 . +1°00 
2°48 . + 0°35 
2°42 i +0°93 
by difference , 0°00 


NIDOUe ODO 


The rotatory powers of the successive fractions in this series are 
seen to follow the same sort of irregular course as in the previous one, 
so that whilst fractions (1) and (2) are feebly dextrorotatory, (3) is 
optically inactive and (4) exhibits a comparatively high rotatory 
power. Several other series of crystallisations were made, all of 


which led to results very similar to the above and which therefore 
need not be described in detail. 

Although we are not prepared to offer an explanation of the 
observations recorded in the present paper, we venture to put them 
forward, having repeatedly confirmed their accuracy, as indicating 
the difficulties which surround work of the kind and the necessity for 
the observance of strict caution in drawing conclusions therefrom, It 
may be provisionally suggested that the preferential deposition of 
d-tartrate from solutions of the sodium ammonium salt prepared from 
racemic acid, either with or without the addition of dextrose or 
levulose, may be due to the presence of a minute excess of d-tartaric 
acid or to the seeding of the solutions by laboratory dust. From the 
recults obtained on fractionally crystallising racemic acid itself, we can 
only conclude that the elimination of dextrorotatory impurity from 
the commercial samples of this acid is a matter of great difficulty. 
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XV.—Formation of cycloHexanone Derwatives from 
Olefinie Compounds. 


By Sieerriep Rusemany. 


Ix the course of researches on unsaturated compounds, it was 
found that the sodium derivatives of phenols readily form additive 
products with the esters of acetylenic acids, ethyl phenylpropiolate, 
and ethyl acetylenedicarboxylate, and that the substances which are 
thus produced from the latter ester can be condensed to ethyl 
benzo-y-pyronecarboxylate and its homologues. A union of phenols 
with olefinic monocarboxylic esters or olefinic monoketones cannot be 
effected. It was thought that such a reaction might take place with 
olefinic compounds by increasing in them the number of electro- 
negative groups, as in ethyl benzylideneacetoacetate, 
0,H,°CH:C(CO-CH,)-CO, Et, 

and benzylideneacetylacetone, C,H,-CH:C(CO-CH,).,. 

As stated before (Ruhemann and Watson, Trans., 1904, 85, 1170), 
these substances combine with piperidine and other secondary bases 
to form additive products, which, however, are readily decomposed 
by water, and yield ethyl benzylidenebisacetoacetate and benzylidene- 
bisacetylacetone. On bviling with dilute potassium hydroxide, these 
compounds are transformed into 5-phenyl-1-methy!.A'-cyclohexen-3-one 
(see Knoevenagel, Annalen, 1894, 281, 84), for instance : 

, CH(CO,Et):-CO-CH _ CH,*CMe 

CoH, CH orto! #t)-00-0H —> OH CH< oy? 9 >CH 

Ethyl benzylidenebisacetoacetate. Phenylmethylcyclohexenone. 

I have, indeed, found that dry sodium phenoxide dissolves in a 
solution of ethyl benzylideneacetoacetate in bsolute ether. The 
additive product, C;H,;-CH(O°C,H,)*CNa( O-CH,)-CO,Et, which un- 
doubtedly is first formed, does not make its appearance, but a 
compound is produced which has twice the molecular formula of ethyl 
benzylideneacetoacetate, namely, C,,H,,O,. One might be inclined 
to explain the formation of this substance on the assumption that 
two molecules of the additive compound condense thus : 
°C, ,H,*CH(0O°C,H,)*CNa(CO-CH,):CO,Et = 

C,H;CH —€(CO-CH,)-CO, Et 
CO,Et*C,CO-CH,)-CHC,H, 
and yield a derivative of cyclobutane. ‘This explanation, however, 
has to be abandoned for the following reason. If the reaction were 
to take place in the manner suggested above, ore would expect that 
ethyl benzylidenemalonate, C,H,-CH:U(CO,Kt),, would condense with 


+ 2Na0°C,H,, 
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sodium phenoxide in the same way. In this case the phenoxide, 
indeed, dissolves in an ethereal solution of the ester, but the additive 
compound is at once decomposed into its components on the addition 
of water. On the other hand, benzylideneacetylacetone under the 
influence of sodium phenoxide is transformed into a substance, 
C,,H,,0,, which both in its formation and in its behaviour resembles 
the condensation product of ethyl benzylideneacetoacetate. We are 
thus led to the conclusion that the acetyl group is concerned in 
the reaction. This conclusion is supported by the behaviour of ethyl 
benzoylbenzylideneacetate, C,H,-CH:C(CO-’C,H,)-CO,Et. This ester, 
although undoubtedly forming an additive product, does not lead to 
a ring formation; the only result is a partial hydrolysis to the 
corresponding acid. Therefore the compound, C,,H,,0,, is to be 
represented thus : 
). Et-C(CO-CH -CH(C,H,)*CH(CO,Et 
(I) C©O,Et-C(CO-CH OHO ee be >09 or 
w7CH,*CH(C,H,)-CH(CO,Et 

) CO<GHiCO, Bry CH(C, i, : SHO 
according as the acetyl groups of one or both molecules of the product 
of the union betweeen sodium phenoxide and ethyl benzylideneaceto- 
acetate take part in the ring formation. The substance accordingly 
is either a derivative of cyclohexane or of cyclooctane. Either 
hypothesis would account for the fact that the alcoholic solution of 
the compound gives a violet coloration with ferric chloride; yet 
formula I, which characterises the substance as diethyl acetyldiphenyl- 
cycloheaunonedicarboxylate, is to be regarded as correct for the 
following reasons. In the first place, experience has shown that a 
ring containing six carbon atoms is formed with much greater ease 
than an eight-membered ring; moreover, it has been found that 
sodium reacts with the compound to yield a monosodium derivative, 
whereas for a substance having formula II, the formation of a 
disodium derivative would be expected. With bromine, the ester, 
indeed, forms a dibromo-substitution product, C,,H,,Br,0,, yet it 
cannot contain the grouping -CBr-CO,Et, because the alcoholic 
solution of the bromo-compound gives a violet coloration on the 
addition of ferric chloride. This circumstance as well as its general 
resemblance to the original substance, C,,H,,O,. would suggest 
that the halogen atoms have entered into one or both benzene 
nuclei. 

The analogous constitution : 


i aa 
(CH CO),CC ont ie ttn >co 


must be assigned to the product 3 the vention between sodium 
phenoxide and benzylideneacetylacetone; it is therefore triacety!- 
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diphenyleyclohexanone. Under the same conditions, ethyl ethylidene- 
acetoacetate, CH,*CH:C(CO°CH,)°CO,Et, yields a condensation 
product, C,,H,,O,, which, accordingly, is to be regarded as diethyl 
acetyldimethylcyclohexanonedicarboxylate, 

C0, Bt-C(CO-CH,) orton) SH CO. 

The yield, however, is rather small, and for this reason I have not 
studied this substance so closely as the other cyclohexanone deriv- 
atives. These substances are also formed on using sodium ethoxide 
instead of sodium phenoxide, but the reaction in this case is 
accompanied by great development of heat, and the yield of the 
cyclic compounds is less satisfactory than with sodium phenoxide. 
It is most probable that for e ecting similar reactions this reagent 
will be found more convenient than sodium ethoxide. 

The cyclohexanone derivative, C,,H,,O,, is not attacked by potassium 
hydroxide at the ordinary temperature; on boiling, however, it 
is readily decomposed, and yields a resinous product from which I 
have been unable to extract a pure substance. ‘Towards hydrochloric 
acid the compound is more stable ; no change takes place on heating 
in a closed tube at 100° for several hours, but at 120° it is deeom- 
posed into carbon dioxide and a resin. ‘The second cyclohexanone 
derivative, C,,H,,0,, on the other hand, is characterised by its great 
stability towards both potassium hydroxide and hydrochloric acid. 
All attempts to isolate crystalline substances from the products of 
the action of phenylhydrazine on those cyclic compounds have failed. 
This behaviour of the substances is undoubtedly due to the fact that 
disruption of the ring readily takes place. 

The result arrived at in studying the behaviour of sodium phenoxide 
or sodium ethoxide towards ethyl benzylideneacetoacetate and benzyl- 
ideneacetylacetone induced me to ascertain whether, under the 
influence of these reagents, benzylideneacetone, 

C,H,-CH:CH:CO-CH,, 
would condense to a cyclic compound. I find, however, that such a 
reaction does not take place, but the olefinic ketone is decomposed 
and yields a resinous product. On the other hand, Schiff and Gigli 
(Ber., 1898, 31, 1308), in the course of their research-on the action 
of benzylideneaniline on the esters of unsaturated a-hydroxy-acids, 
showed that an alcoholic solution of sodium ethoxide reacts with a 
mixture of benzylideneacetone and ethyl oxalate to yield ethyl 
benzylideneacetoneoxalate, C,H,-CH:CH°CO-CH,°CO°CO,Et. The 
same compound, I find, is obtained on using dry sodium ethoxide, 
suspended in absolute ether, instead of an alcoholic solution of the 
ethoxide. I was led to repeat the experiment in this way, because it 
has been a-certained that ethyl oxalate does not take any part in the 
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action of dry sodium ethoxide on a mixture of the ester and benzyl. 
iideneacetylacetone, and that in this case, also, the cyclohexanone 
derivative, C,,H,,O,, is formed. 


EXPERIMENTAL. 


Diethyl 6-Acetyl-1 : 5-diphenylcyclohexwan-3-one-2 : 6-dicarboxylate, 
CO, Et+C(CO- CH) <oncH ne "CH(CO, t)>o0. 


This compound is prepared in pera manner : Phenol (19 grams) 
is mixed with an alcoholic solution of sodium (4°6 grams), and the 
alcohol is then removed by heating the mixture in a vacuum, first on 
the water-bath and finally in an oil-bath, at 190—195°. The dry 
sodium phenoxide which is thus obtained is suspended in absolute 
ether, and subsequently treated with ethyl benzylideneacetoacetate 
(43°6 grams). On shaking, the sodium phenoxide gradually dissolves, 
but before it has completely disappeared, a cloudiness is produced, 
and, in the course of a day, the whole sets to a semi-solid mass, 
Water is then added to the product of the reaction, when tke solid 
passes into solution. On evaporation of the ether from the ethereal 
layer, a yellow cil is left, which soon deposits a mass of crystals, 
These are collected and washed with a little alcohol, when they 
become colourless. The substance crystallises from alcohol in prisms, 
which, after recrystallisation from the same solvent, soften at 122 
and melt at 126—127°. The yield of the hexanone derivative 
amounts to 65 per cent. of the theoretical : 

0:2075 gave 0°5445 CO, and 0°1225 H,O. C=71'57; H=6:55. 

C,,H,,0, requires C=71'56; =6°42 per cent. 

Molecular-weight determinations were carried out by the cryoscopic 
method with the following results : . 

03734 in 31°005 benzene gave At= —0°135°. M.W. = 437. 

0°4135 ,, 31°476 acetic acid gave At= —0°116°. M.W.=439, 

C,,H,.O, requires M.W. = 436. 

The compound is readily soluble in ether, carbon disulphide, benzene, 
chloroform, or hot alcohol, and moderately so in cold alcohol ; the 
alcoholic solution gives a reddish-violet coloration on the addition of 
ferric chloride. 1t dissolves in cold concentrated sulphuric acid, 
yielding a yellow solution, which, on warming, turns a deep red. 
The cyclohexanone derivative is not attacked by hydrochloric acid on 
being heated with the concentrated acid at 100° in a closed tube for 
several hours ; at 120°, however, decomposition takes place, and there 
is formed, besides carbon dioxide, a tarry product. This, after some 
time, sets to a brown, brittle solid; all attempts to isolate from it # 
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pure substance failed. The study of the action of potassium hydroxide 
likewise furnished unsatisfactory results. At the ordinary tempera- 
ture, no change is produced by the alkali, even on being in contact 
with it for many hours ; on boiling with the alkali for a few minutes, 
however, the odour of benzaldehyde is developed, and a dark oil 
is formed which solidifies when cold. On adding dilute hydrochloric 
acid to the alkaline filtrate, carbon dioxide is evolved, and a yellow 
resin is precipitated. I have repeatedly carried out this reaction, 
varying the amount and dilution of the potassium hydroxide, but in 
each case resinous products were formed. 

Phenylhydrazine readily reacts with the cyclic compound at the 
temperature of the water-bath, yielding an oil ; on adding acetic acid, 
an amorphous solid is precipitated, from which | have been unable to 
extract any crystalline substance. 

Sodium acts on the cyclic substance with evolution of hydrogen and 
formation of the sodium derivative, C,,H,,O,Na. The metal, in the 
form of wire, dissolves very slowly in a solution of the compound in 
absolute ether, and colourless needles gradually separate ; the reaction 
is almost complete in two days. The suspension of the sodium deriv- 
ative in ether is then poured off from the unattacked metal, the crystals 
collected, washed with dry ether, and dried in a vacuum over 
sulphuric acid. The sodium derivative is prepared more readily by 
shaking a solution of the compound, C,,H,,O,, in absolute ether with 
an excess of dry sodium ethoxide, and, after a few minutes, collecting 
from the undissolved ethoxide. The filtrate gradually separates 
colourless needles, which, in the course of a day, increase in quantity. 
On analysis, both specimens gave the same result. The first refers to 
the specimen obtained by the action of the metal, the second to the 
product prepared by means of sodium ethoxide : 

00875 gave 0°0140 Na,SO,. Na=5:18. 

02085 ,, 0°0345 Na,SO, Na=5-36. 

C,,H,,0,Na requires Na = 5-02 per cent. 

The sodium derivative is decomposed by water, even when cold, 

with formation of the original compound, C,,H,.O,. 


Action of Bromine on Diethyl 6-Acetyl-1 : 5-diphenylcyclohexan-3-one- 
2 : 6-dicarboxylate. 


On adding bromine (0°8 gram) to a solution of the cyclohexanone 
compound (2 grams) dissolved in carbon disulphide, hydrogen bromide 
is evolved, and, after a few hours, the halogen disappears. On 
concentration of the solution in a vacuum desiccator, a solid separates, 
which dissolves in hot alcohol and, on cooling, crystallises in colourless 
prisms melting at 154—155° : 

VOL. XCV. I 
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0°2085 gave 0°3997 CO, and 0°0830 H,O. C=52:28; H=4:42, 

03505 ,, 02205 AgBr. Br=26°77. 

C,,H.,0,Br, requires C=52°52 ; H=4:38; Br=26°94 per cent. 

The yield of this compound is almost theoretical, but it is greatly 
reduced if an excess of bromine is used, when at the same time another 
substance is formed. This is very soluble in carbon disulphide, and, 
on complete removal of the latter, ir left behind as a viscous product, 
which slowly solidifies. 

The dibromo-derivative, C,,H,,0,Br., is sparingly soluble in ether, 
but readily so in hot alcohol. The alcoholic solution gives a violet 
coloration on the addition of ferric chloride ; in this respect, and also 
in its behaviour towards potassium hydroxide, it resembles the original 
substance. These facts, as pointed out in the introduction, lead to 
the view that the halogen has entered into either one or both benzene 
nuclei of the cyclohexanone compound. 


2 6:6-TZriacetyl-1 : 5-diphenyleyclohexan-3-one, 


: CH(C,H,)-CH(CO-CH,) 
(CH,*C0),C<o5 (O°H’) an H,>0O. 

This substance is formed from benzylideneacetylacetone by means of 
sodium ethoxide or sodium phenoxide, but, as stated before (p. 111), 
the latter is preferable. The dry sodium phenoxide (from 1‘2 grams 
of sodium and 5 grams of phenol), prepared in the same way as in the 
previous case, is suspended in absolute ether and mixed with the 
olefinic diketone (9°8 grams). After a short time, the phenoxide will 
have completely disappeared, and an orange solution is formed, from 
which no solid separates. The mixture is kept overnight, the ether is 
then distilled from the water-bath, and water added to the residue, 
when a crystalline product remains undissolved. This is soluble in a 
large quantity of boiling alcohol, and, on cooling, gradually separates 
in colourless prisms, which melt not quite sharply at 188—189°: 

0:2030 gave 0°5685 CO, and 0:1196 H,O. C=76°38; H=654. 

0:2008 ,, 05634 CO, ,, 01200 H,O. C=7652; H=6°64. 

C,,H,,0, requires C= 76°60; H = 6-38 per cent. 

The substance is sparingly soluble in boiling alcohol, moderately so 
in hot benzene or glacial acetic acid, but readily so in chloroform. The 
alcoholic solution of this compound, like the one of the former cyclo- 
hexanone derivative, gives a reddish-violet coloration on the addition 
of ferric chloride. Triacetyldiphenyleyclohexanone is very stable 
towards both hydrochloric acid and potassium hydroxide, and in this 
respect differs markedly from the former compound, C,,H,,0,. Only 
slight decomposition takes place on heating it with the acid at 
150—160°. Potassium hydroxide dissolves it on warming, and yields 
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a yellow solution, from which it is precipitated unchanged by hydro- 
chloric acid. Decomposition, however, takes place if the substance is 
boiled with the alkali for some time, when the odour of benzaldehyde 
is perceptible ; this points to a disruption of the hexanone ring. 

On digesting the compound with phenylhydrazine on the water- 
bath, it dissolves, yielding a red oil; if this is mixed with acetic 
acid a dark precipitate is formed, which is readily soluble in alcohol or 
ether, but separates from the concentrated solutions in the form 


of a resin, 


Action of Sodium Phenoaide on Ethyl Ethylideneacetoacetate, 


This reaction was effected in the same way as in the previous cases. 
‘To dry sodium phenoxide (prepared from 4°6 grams of sodium and 18°8 
grams of phenol), suspended in absolute ether, ethyl ethylideneaceto- 
acetate (31°2 grams) is slowly added. Heat is developed, and the 
phenoxide gradually dissolves, forming a yellow solution, which, after 
being kept for a day, is poured into water. On evaporation of the 
ether from the ethereal solution, an oil is left behind, which, when 
distilled in a vacuum, begins to boil at 78°; the thermometer, then, 
rises continually, and between 145° and 235° a yellow oil passes over 
from which I have been unable to isolate a substance distilling at a 
constant temperature. The aqueous layer from the product of the 
reaction, when treated with an excess of dilute hydrochloric acid, 
yields an oil, which is fractionated under diminished pressure. A 
pure substance is thus obtained which boils at 258—260°/28 mm. 
It is a viscous oil, which, after some time, sets to a semi-solid. Accord- 
ing to the mode of formation, the compound is most probably to 
be regarded as diethyl 6-acetyl-1 : 5-dimethylcyclohexan-3-one-2 : 6- 
dicarboaylate, 

CO,Bt-C(CO-CH,) orton Se EH CO. 
The analytical results agree with this formula : 
0:2040 gave 04610 CO, and 0°1435 H,O. C=61°63; H=7°81. 
C,,H.,0, requires C= 61:54; H=7°69 per cent. 

The above constitution, moreover, is supported by the fact that 
the alcoholic solution of the substance gives a red coloration on 
the addition of ferric chloride. The yield is small, only 25—30 grams 
being formed from 63 grams of ethyl ethylideneacetoacetate. 


Action of Sodium Phenoaide on Ethyl Benzylidenemalonate. 


On adding ethyl benzylidenemalonate to dry sodium phenoxide, 
suspended in absolute ether, a clear solution is produced after a short 


time, which points to the formation of an additive compound. This 
12 
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however, is unstable, and, on shaking the ethereal solution with water, 
it dissociates into its components, ethyl benzylidenemalonate and 
sodium phenoxide. The former substance is left behind on evaporation 
of the ether from the ethereal layer ; the phenol can be isolated from 
the aqueous solution. In this way were recovered almost the same 
weights of the compounds as had been used for the experiment. This 
result indicates that no other product is formed in the reaction. 


Action of Sodium Phenoxide on Ethyl Benzoylbenzylideneacetate, 


As stated before (p. 110), this reaction does not yield a cyclic com- 
pound, but the sodium phenoxide forms with the ester an additive pro- 
duct, because it dissolves in a solution of ethyl benzoylbenzylidene- 
acetate in absolute ether. In the course of a day, a solid separates 
which is the sodium salt of benzoylbenzylideneacetic acid, 

C,H,-CH:C(CO-CH,)-CO,H. 
The acid is precipitated from the aqueous solution of the salt by the 
addition of dilute hydrochloric acid. It is readily soluble in alcohol or 
ether, and crystallises from dilute alcohol in coiourless needles, which 
melt and evolve carbon dioxide at 154—155° : 

0°2108 gave 0°5870 CO, and 0°0950 H,O. C=75-94; H=5-00. 

C,,H,.0, requires C=76°19 ; H=4°76 per cent. 


Ethyl Benzylideneacetoneoxalate, C,H,*CH:CH-CO*CH,-CO-CO,Et. 


Benzylideneacetone does not unite with sodium phenoxide; it 
dissolves, indeed, in a solution of the ketone in absolute ether, but the 
solution immediately turns dark and yields a black, resinous product. 

Whereas benzylideneacetylacetone reacts with ethyl oxalate, in the 
presence of sodium ethoxide, to form the same compound C,,H,,0, 
as is produced without the use of ethyl oxalate, benzylideneacetone 
yields ethyl benzylideneacetoneoxalate on treatment with these re- 
agents. This reaction has been already studied by Schiff and Gigli 
(Ber., 1198, 31, 1308), who effected it in alcoholic solution. I have 
repeated this experiment, using dry sodium ethoxide and a solution of 
the ketone in absolute ether. The result, however, does not differ 
from that obtained by these chemists. The solution which is 
formed on adding ethyl oxalate (15 grams) to dry sodium ethoxide 
(prepared from 2°3 grams of sodium), suspended in absolute ether, 
turns yellow when it is mixed with benzylideneacetone (14°6 grams), 
dissolved in absolute ether, and deposits a yellow solid. This is the 
sodium derivative of ethyl benzylideneacetoneoxalate. Dilute hydro- 
chloric acid transforms it into the free ester. The yield is 80—8 
per cent. of the theoretical. The ester is sparingly soluble in cold, 
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but readily so in hot, alcohol, and crystallises in yellow prisms. The 
melting point (84°) as well as its properties and the following analysis 
agree with Schiff and Gigli’s observations : 
0:2017 gave 0°5047 CO, and 0°1052 H,O. C=68:24; H=5°79. 
C,,H,,0, requires C= 68°29 ; H=5-69 per cent. 
These chemists also examined the action of phenylhydrazine on the 
ester, and obtained the oe derivative : 
*CH:CH’C, H; 
CoH 5 on Et):OH 
On using hydrazine itself, the hydrazide of styrylpyrazolecarboxylic 
acid, 
Nii — *CH:CH:C,H, 
C(CO-NH-NH,):CH : 
isformed. This is prepared by slowly adding hydrazine hydrate to 
ethyl benzylideneacetoneoxalate, dissolved in alcohol; the yellow 
solution first turns red, then light yellow, and deposits a solid which 
erystallises from alcohol in almost colourless plates, melting at 
225—226° : 
0'1938 gave 0°4478 CO, and 00919 H,O. C=63°01; H=5:26. 
02110 ,, 45°40. N, at 18° and 758mm. N=24°76. 
0,.H,,ON, requires C=63:14 ; H=5-26 ; N = 24:56 per cent. 
The substance is insoluble in water or ether, but dissolves, although 
sparingly, in boiling alcohol. 
UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. 


XVI.—The Action of Mustard Oils on the Ethyl Esters 
of Malonic and Cyanoacetic Acids. Part II. 


By SrecrrieD RUHEMANN. 


I wave recently shown (Trans., 1908, 93, 621) that the thioanilides 
of diethyl methanetricarboxylate and ethyl cyanomalonate react with 


ethyl chloroacetate to yield cyclic compounds, which were represented 
thus : 


“mamerenes “pmo 
aot N-C,H,)-€(Co,Et), °"4 att N-C,H,)*C(CN):CO,Et - 
It was stated, also, that these substances are yellow, but, under the 

influence of potassium hydroxide, become colourless. This behaviour 

was explained by the assumption of the existence of the compounds in 
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two isomeric forms. With the object of ascertaining whether this 
view is correct, I have subjected those substances to a closer study, 
which is recorded in this paper. 

The above-mentioned compounds may be regarded as derivatives of 


CH,°C nig ty Be sia - 
the type S C orn’ oA , which indicates the similarity of their structure 


to 2 : 4-diketotetrahydrothiazole (I) and its phenyl derivative (II) : 
CO—NH CO—N:-C,H, 
S<ou,-Co S<cu,¢o 
(I.) (II.) 
2:4-Diketotetrahydrothiazole was discovered by Heintz (Annalen, 
1865, 136, 223), who prepared it by boiling ethyl thiocyanoacetate 
with hydrochloric acid. The same chemist stated that this ester, on 
distillation, partly decomposes. I have observed, however, that 
under diminished pressure it boils unchanged. 2: 4-Diketo-3. 
phenyltetrahydrothiazole is formed, according to Liebermann anid 
Voltzkow (Annalen, 1881, 207, 137), by heating chloroacetic acid 
with either phenylthiourethane or phenylthiocarbimide. 
With the view of examining whether one of the ketonic groups of 
2 : 4-diketo-3-phenyltetrahydrothiazole is reactive, I have treated the 
compound with ethyl malonate as well as with ethyl acetoacetate, 
using piperidine as a catalyst, but no condensation takes place; the 
base decomposes the substance without the esters being attacked, 
piperidylformanilide and thioglycollic acid being formed : 
— 7. oHs | O,H,,N + H,O =0,H,,N-CO-NH-C,H, + 
' SH-CH,-C0,E. 
With aldehydes, 2: 4-diketo-3-phenyltetrahydrothiazole forms the 
condensation products : 
wn NE ‘C,H; 
C(;CHR)-CO 
The same behaviour towards aldehydes is exhibited by the yellow 
substance 
go ORs as 
C(:N-C,H,)*C(CN)-CO, Et 
The fact that the colourless product formed from it with aldehydes 
under the influence of alkalis yields the same substances leads to the 
conclusion that the two compounds which had been regarded 4s 
different are in fact identical. A closer examination has confirmed 
this view. In the preparation of the substance from ethyl chloro 
acetate and the thioanilide of ethyl cyanoacetate, animal charcoal was 
used to decolorise the dark alcoholic solutions, and the yellow crystals 
which separated on cooling retained their colour even after frequent 


a a a  ———— 
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recrystallisations. I now find that the substance may be obtained 
colourless, if it is crystallised several times from alcohol without the 
use of animal charcoal, and that this product is, in every respect, 
identical with the colourless crystals obtained before from the yellow 
specimen. This result points to the view that also the substance 
CH — CO 
S<o(:NC,H,):€(CO,Et), 

exists in one form only, although, as yet, I have been unable to 
remove the yellow colour by crystallisation of the condensation 
product. This, like the former compound, condenses with aldehydes, 
and, with bromine, forms a dibromo-substitution product. 


EXPERIMENTAL. 
Ethyl Thiocyanoacetate, CNS:CH,°CO, Et. 


Heintz (loc. cit.), who obtained this ester by the action of potassium 
thiocyanate on ethyl monochloroacetate, stated that, on distillation at 
the ordinary temperature, it suffered partial decomposition, the distillate 
turning red on exposure to the air; under diminished pressure he 
gave the boiling point as about 180°, and noticed that a considerable 
residue remained behind in the retort, as was the case on distillation 
at the ordinary pressure. I find, however, that under 10 mm. pressure 
the ester distils unchanged at 117° as a colourless oil, and that the 
yield is almost theoretical : 

02025 gave 0°3060 CO, and 0:0884 H,O. C=41:21; H=4°85. 

03050 ,, 26c.c. N, (moist) at 20° and 762mm. N=9-77. 

C,H,O,NS requires C= 41°38; H=4:82; N =9°66 per cent. 

On boiling the ester with concentrated hydrochloric acid, it is 

transformed into 2 : 4-diketotetrahydrothiazole. 


2 : 4-Diketo-3-phenyltetrahydrothiazole. 


This substance is readily formed from chloroacetic acid and pheny]l- 
urethane according to Liebermann and Véltzkow’s directions (Coc. cit.). 
As stated before (p. 118), it does not condense with ethyl malonate or 
ethyl acetoacetate in the presence of piperidine ; the esters are not 
attacked, and the piperidine decomposes the cyclic compound into 
piperidylformanilide and thioglycollic acid. The former separates 
from the alcoholic solution of the mixture on being kept for 
a day, and crystallises from alcohol in long, colourless needles melting 
at 170—171°: 

0'2012 gave 0:5206 CO, and 0°1445 H,O. C=70°56; H=7°'98. 

02260 ,, 28°5c.c. N, (moist) at 21° and 740 mm. N=13-95. 

C,,H,,ON, requires C=70°59 ; H=7°84 ; N=13°72 per cent. 
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The mother liquor from the anilide contains thioglycollic acid. Ip 
order to isolate it, the filtrate is acidified and extracted with ether, 
the ethereal layer is then agitated with potassium hydroxide, and the 
alkaline solution treated with an excess of dilute sulphuric acid. The 
ethereal extract of this solution, on evaporation of the ether, yields 
an oil, the aqueous solution of which gives with ferric chloride and 
ammonia the reddish-violet coloration characteristic of thioglycollic 
acid. 

2: 4-Diketo-3-phenyltetrahydrothiazole condenses with aldehydes 
on adding a few drops of piperidine to the alcoholic solution of the 
mixture of the reagents, and the compounds which are formed have 
the general formula : 

g — N C,H, 
C(: CHR)*CO 

Thus, on using benzaldehyde, the benzylidene derivative is produced, 
which is almost insoluble in cold alcohol, but dissolves, although 
sparingly, in boiling alcohol, and, on cooling, separates in colourless, 
curved needles which melt at 208—209°: 


0°1961 gave 0:4910 CO, and 0:0693 HO.’ C=68:28; H=3-92. 
0°2287 ,, 9:6 c.c. N, (moist) at 18° and 775 mm, N=5-07. 
C,,H,,O,NS requires C = 68°33 ; H= 3°91; N =4-98 per cent. 


With salicylaldehyde, the salicylidene derivative is formed, which 
crystallises from boiling alcohol in deep yellow needles melting not 
quite sharply at 238—239° : 


0°2056 gave 0°4858 CO, and 0°0725 H,O. C=6444; H=3-95. 
02300 ,, 96 c.c. N, (moist) at 16°and 754mm. N=4°82. 
C,,H,,0,;NS requires C= 64°64; H=3°70; N=4°71 per cent. 
The condensation product of 2: 4-diketo-3-phenyltetrahydrothiazole 
with piperonal is sparingly soluble in boiling alcohol, from which, on 
cooling, it crystallises in yellow needles melting at 207—208°: 


0°2312 gave 8°8 c.c. N, (moist) at 18° and 753 mm. N-=4:35. 
C,,H,,0,NS requires N = 4°31 per cent. 


The cinnamylidene derivative is almost insoluble in cold alcohol, 
but dissolves in a large quantity of boiling alcohol, and, on cooling, 
separates in long, yellow needles melting at 214°: 

0°2024 gave 05225 CO, and 0°0765 H,O. C=70°40; H=4:20. 

0°2527 ,, 10 c.c. N, (moist) at 18° and 760mm. N=4'57, 

C,,H,,0,NS requires C= 70°36; H=4:23; N= 4°56 per cent. 


HYL 


In 
ther, 
d the 

The 
vleldg 
) and 
collie 


'ydes 
the 
have 


ESTERS OF MALONIC AND CYANOACETIC ACIDS. PART IL. 121 


Ethyl 2-Phenylimino-3- setae mntetetvaliydrethiophen-S-carbonylate, 
soe of 
C(: N: C,H;)* C(CN):CO, Et 


Like 2:4-diketo-3-phenyltetrahydrothiazole, this substance con- 

denses with aldehydes to yield compounds with the general formula : 
g Wp soma 
C(:N°C,H,)*C(CN)-CO,Et’ 

The benzylidene derivative is formed on adding a few drops of 
piperidine to the hot alcoholic solution of the mixture of the cyclic 
compound and benzaldehyde. The solution turns red and deposits, 
while still hot, a yellow solid, which is very sparingly soluble in 
boiling aleohol, moderately so in glacial acetic acid, and crystallises 
from either solution, on cooling, in hair-like, curved needles melting 
at 284°: 

02055 gave 05045 CO, and 00810 H,O. C=65°95; H=4:38. 

02425 , 16:4 cc. N, (moist) at i5° and 740 mm. N=7-70. 

C,,H,,0,N,S requires C= 67:02 ; H=4:26; N=7-45 per cent. 

The salicylidene derivative, prepared in a dale way, is sparingly 
soluble in boiling alcohol, moderately so in boiling glacial acetic acid, 
and, on cooling, crystallises in aggregates of yellow needles, which 
begin to decompose at about 240° and melt at 252° to a brown liquid : 

0'2052 gave 0°4825 CO, and 0°0766 H,O. C=64:12; H=4:14. 

02305 ,, 146 c.c. N, (moist) at 20° and 745mm. N=7:10. 

C,,H,,0,N,8 requires C= 64:28 ; H=4:08 ; N=7:14 per cent. 

It has been mentioned before (p. 118) that the colourless substance 
which is formed from the yellow condensation product of ethyl chloro- 
acetate with the thioanilide of ethyl cyanomalonate, on treatment 
with alkalis, reacts with aldehydes to yield the same compounds, and 
that this fact points to the view that the colourless and the yellow pro- 
ducts are identical. It was found impossible to remove the yellow 
colour by repeatedly boiling the alcoholic solutions of the compound 
with animal charcoal, but this was finally effected by recrystallising 
the condensation product four times from alcohol without the use 
of animal charcoal. The crystals which were obtained showed all the 
properties of the colourless specimen. It follows, therefore, that the 
yellow colour of the compound is due to an impurity. 


Diethyl ia eee 


—e N: C,H,): Pt «a Et),° 
Although it was found impossible to remove the yellow colour from 
the condensation product of ethyl chloroacetate with the thioanilide of 
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diethyl methanetricarboxylate by recrystallisation from alcohol with 
or without the use of animal charcoal, yet, after the experience made 
with the former substance, there cannot be any doubt that it jg 
identical with the one which is formed from it on treatment with 
potassium hydroxide. This cyclic compound, like the other, condenses 
with aldehydes in the presence of piperidine, forming the substances 
having the general formula : 
ar 
C(-N-C,H,)*C(CO,Et),° 

The benzylidene derivative separates on keeping the alcoholic 
solution of the mixture of the reagents overnight. It is moderately 
soluble in boiling alcohol, and, on cooling, crystallises in faintly 
yellow needles which melt at 164°: 

0°2057 gave 0°4910 CO, and 0:0922 H,O. C=65:10; H=4:98, 

0:2385 ,, 7°4c¢.c. N, (moist) at 24° and 743 mm. N=3°39, 

C,,H,,0,NS requires C= 65°24; H=4:96; N=3-31 per cent. 

The salicylidene derivative is fairly readily soluble in hot alcohol, 
sparingly so in benzene, and crystallises from this solution in yellow 
needles which melt at 204°: 

02742 gave 7°8 c.c. N, (moist) at 20° and 757 mm. N=3'24., 

C,,H.,O,NS requires N = 3°19 per cent. 

Bromine reacts with the compound C,,H,,0O,NS to form diethyl 

5-dibromo-2-phenylimino-4-ketotetrahydrothiophen-3-dicarboxylate, 
5 res. —0 
C(: N-C,H,)*C(CO,Et),° 

This is prepared by adding the halogen (2 mols.) to the solution of 
the cyclic compound (1 mol.) in chloroform; hydrogen bromide is 
evolved, and, on removal of the solvent in a vacuum, a yellow solid 
is left behind, which crystallises from light petroleum in clusters 
of light yellow needles. These, after being twice recrystallised from 
the same solvent, melt at 140°: 

0°2138 gave 0°3066 CO, and 00595 H,O. C=39'11; H=3-09, 

0:2855 ,, 7°8c.c. N, (moist) at 16° and 745 mm. N=3'12. 

0:2698 ,, 0:2035 AgBr. Br=32°10. . 
C,,H,,0;NBr,8 requires C=38'95; H=3:04; N=2°84; Br=32+45 

per cent. 

The bromo-derivative is very soluble in chloroform or benzene, 

and sparingly so in cold, but readily so in hot, light petroleum. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. 
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XVII.—The Hydration of Precipitates. 
By Spencer UMFREVILLE Pickerine, M.A., F.R.S. 


Noruine is known at present as to the state of hydration of 
substances at the moment of their precipitation, although the natural 
impression is that those substances which form bulky precipitates 
must be in a highly hydrated condition. If this were proved to be 
the case, a high degree of hydration in the case of substances whilst 
actually in solution would be rendered more probable. The work on 
emulsions, of which an account was laid before the Society (Trans., 
1907, 91, 2001), seemed to offer the means of obtaining information 
on this point. 

Finely-divided solids, such as recently-formed precipitates, were 
found to emulsify oils, and by suitably adjusting the proportions of 
precipitate and oil, an emulsion can be obtained which is of the same 
average density as the liquid. By determining this density, (S), and 
ascertaining the volume and weight of the oil, (V’ and W’), as well as 
the volume and weight of the precipitate after drying, (V and W), we 
can deduce the volume and weight of the water, (v and w), which is 
combined with it when in the freshly precipitated condition, for 

Wiw+W=S(V+v+V’) 
and substituting sw for v (s being the specific gravity of the 
combined water), we get 
w(l —Ss) =S(V + V’) -(W+W’). 

The equation cannot be solved by any one set of determinations 
without assuming a value for the specific gravity of the combined 
water, but such an assumption may be obviated by getting two sets of 
determinations in two liquids of different specific gravities. 

After examining a number of precipitates, the only one that 
appeared to offer any chance of success was the basic sulphate of 
copper precipitated by lime-water. This emulsifies paraffin oil very 
easily, and it may be precipitated in liquids the specific gravity of 
which is varied by the presence of various quantities of sodium 
sulphate. Several series of experiments, however, failed to give any 
satisfactory results, owing, it was found, to the fact that the basic 
sulphate combined with the sodium and calcium sulphates present to 
form a complicated double salt, and it was not until after the nature 
and conditions of formation of this double salt had been investigated 
that success was obtained. 

An account of this preliminary investigation has already appeared 
(Trans., 1907, 91, 1988), from which it will be seen that the substance 
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obtained when lime-water is added to copper sulphate until alkalinity 
is just attained is, approximately, 10Cu0,S0,,1:35CaSO,, but that, if 
sodium sulphate is present, the precipitate consists of 
10Cu0,SO,,CaSO,,Na,SO,, 

the composition remaining unaffected by the proportion of sodium 
sulphate present, when this varies between the limits of 15 and 
45Na,SO, for every 10CuSO, taken. (The limits may be more 
extended, but the determinations were not pushed further.) The 
sodium and calcium sulphate may, perhaps, be interchangeable, being 
2[(Ca,Na,)SO,], for the relative proportions of them found in the 
different experiments varied a good deal ; they are certainly combined 
in a loose way with the rest of the molecule, and are gradually 
removed by washing with water. 

This latter fact accounts for a deficit in the proportion of neutral 
sulphate contained in the sample of the compound prepared for the 
determination of its density in the present work, for solutions from 
which it was precipitated had to be very dilute, so as to obviate the 
possibility of any of the calcium sulphate formed in the reaction being 
deposited (loc. cit., p. 1993). Copper sulphate solution was mixed 
with sodium sulphate in the proportion of 10CuSO, : 30Na,SO,, and 
lime-water, diluted to half-saturation strength, added to alkalinity. 
The precipitate was filtered by means of a Berkefeld filter, access 
of air being avoided as far as possible ; and then, without washing, it was 
dried by exposure to sodium hydroxide. When dry, it was powdered, 
washed once, and dried again. The composition according to analysis 
was 10Cu0,SO,, 0°776CaSO,, 0°864.Na,SO,, 11°746H,0. 

Its specific gravity at 15° was 2°699664. This was taken in 
“solar distillate,” which had been purified by digestion with nitric 
acid, sodium hydroxide and sodium, successively: its specific gravity 
was 0°857589. 

Three series of determinations were made on the emulsification of 
this oil by the freshly precipitated substance, the proportions of 
sodium sulphate present being 15, 30 and 45Na,SO,, respectively, to 
every 10CuSO,. The copper was precipitated with half-strength lime- 
water, and the volume was adjusted so that a unit volume contained 
in each case the same weight of precipitate. Eight of nine lots of 400 c.c. 
of each of these preparations were put into graduated stoppered jars, 
and different volumes of “solar distillate” added to them. Each 
was then emulsified by churning it with a syringe with a rose jet, 
and then left in the jar for the emulsion to rise or fall, as the case 
might be. As the precipitate is attacked by carbon dioxide, the 
churning had to be restricted as far as possible, only three strokes of 
the syringe being given. After syringing, bubbles of air are present 
in the liquid, which carry some of the emulsion to the top; these can 
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be eliminated with a little manipulation, and then the emulsion rises or 
sinks as a whole, showing a clear-cut surface against the rest of 
the liquid. The approximate amount of oil required had to be deter- 
mined by preliminary experiments, and in the final ones these amounts 
were so adjusted that in each series half the emulsions were heavier than 
the liquid, and half lighter. After being left to stand for from eight to 
twenty-four hours, readings were taken of the extent to which the 
emulsions had sunk or risen, and these readings, when plotted against 
the volume of oil present, gave the equilibrium point, or that of the 
volume of oil requisite to ensure neither sinking nor rising. The 
liquids were then gently agitated, left to settle, and another set of 
readings taken. The mean of three or four such series of observations 
was finally adopted, and then the liquids were filtered from the emul- 
sions, and their specific gravities determined. 

The emulsions must not be left too long before taking the readings, 
for the emulsions which are heavier or lighter than the liquid will 
eventually sink or rise, so as to occupy nearly the same volumes, 
and the diagram representing their position will then consist 
of two discontinuous lines, and will be useless for determining 
the equilibrium point. It should also be mentioned that satisfactory. 
results can only be obtained by manipulating all the liquids in exactly 
the same way, and doing all the series of experiments at the same 
time. 

In the 400 c.c. of liquid in each series, the weight of dry precipitate 
(W) of the composition given above by the analysis, and as determined 
by the weight of copper sulphate taken, was 0°81789 gram, and 
its volume, V, was, consequently, 0°30297 c.c. The other values in 
the three series, A, B and C, were as follows : 


** Solar distillate.” 


Sp. gr. of liquid. 
8. 


Ww’. 
3°1765 grams 1004570 
3°1002_ ,, 1°007550 
3°0153_,, 1°011288 


From these the weight, w, of the water originally combined with 
the 0°81789 gram of the dry precipitate is found to be: 


From A and B 


This represents 40-96 parts of water to 100 of dry precipitate, 
which, with the water still present in this so-called dry precipitate, 
gives a percentage of 40°4 as the total water in the freshly pre- 
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cipitated substance. Its composition, therefore, using whole numbers, 
would be 
10Cu0,S0,,CaSO,,Na,SO0,,42H,0. 

The value for the degree of hydration of this substance can have no 
pretension to exactness, and cannot be accepted as more than giving 
an indication of the order of magnitude of the equivalents of water 
present. The individual values for the different pairs of observations 
lead to numbers ranging for 33 to 59 H,O; such a range, however, 
is well within the limits of experimental error, for it corresponds with 
a total error of only 0°005 ¢.c. in the volumes of the oil, and greater 
errors might have been expected, even although these volumes were 
deduced by the diagrammatic treatment of several series. of observa- 
tions. The necessary dilution of the liquids, and the smallness of the 
range of available alterations in the density of the liquid, rendered it 
impossible to obtain more accurate results. 

As to the degree of hydration ; 42 equivalents of water in a mole- 
cule is certainly a large number, but the molecule itself is a highly 
Complex one, and the 40 per cent. of its weight which this water 


represents is not a very large percentage, being exceeded in the case. 


of many of the simpler crystalline salts: so that the facts elucidated 
do not afford much food for comment. 

From the weight of water in the precipitate, the specific gravity of 
that water can be calculated, and, using the mean value for the 
former, (w= 0°335), the three series of experiments lead to 0°9037, 
0°9049 and 0°9035, mean 0°904, as the sp. gr. of the combined 
water, or, rather, of the 30H,O beyond the 12H,0O in the 
dried precipitate. Considering the circumstances of the case, these 
values are remarkably concordant, and are also remarkably close to 
that of ice, which for 15°/15° is probably 0°916. There can be no 
doubt, therefore, that the water in the precipitate is in the solid 
condition, as it is known to be in the majority of highly hydrated 
crystals ; indeed, the values as they stand indicate that the water in 
combining has expanded even rather more than water does when it 
freezes. 

The amount of water in these bulky precipitates affords no sufficient 
explanation of their bulkiness ; this must be due to some cause, such 
as the shape and character of the particles. The above data, for instance, 
lead to 1'71 as the sp. gr. of the freshly precipitated substance, or that 
an amount of it containing 1 gram of CuO would occupy 1°4 c.c. ; yet 
this amount of precipitate, however long it may be left in the liquid 
out of which it has been precipitated, never agglomerates so as to 
occupy less than about 110 c.c., or eighty times the actual volume 
of the precipitate. 

The precipitate, as has been mentioned, was dried by prolonged 
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exposure over sodium hydroxide, but whether it had arrived at a con- 
stant weight, or not, was not determined, for the actual amount of water 
retained by it was immaterial for the immediate purposes ; it may 
be accidental, therefore, though it is suggestive, that the 11°746H,O 
retained by it almost exactly corresponds with the equivalents of 
metallic oxides in the molecule, which amount to 11°64; as If these 
oxides were present as hydroxides. 

About half this water is lost at 100°, although with extreme slow- 
ness, the precipitate changing from a full blue to green; it then con- 
tains 5‘098H,O. About 2H,O more is lost at 150°, and it assumes 
an olive-green colour. At a low red heat all the water, as well as the 
SO, combined with the copper, is given off, the observed loss being 
22010 per cent., against a calculated loss of 22°122 per cent. 


The Constitution of Water. 


The fact that water of crystallisation, and the water of hydration in 
non-crystalline substances, has the same density as ice, is one which 
appears to be of the highest importance from the chemical and 
physico-chemical point of view, and it is remarkable that its signifi- 
cance has not hitherto attracted attention, for it seems to lead 
inevitably to the conclusion that solid water and liquid water must 
be different chemical compounds, The expansion occurring when 
water freezes is altogether phenomenal ; there are very few substances 
that expand at all on solidification, and there is no substance, so far 
as we know, which exhibits an expansion at all comparable with that 
of water. It has been tacitly assumed up to the present that this 
expansion is due to the grouping together of the molecules, so as to form 
an hexagonal crystal; but it is impossible that this should be the real 
explanation, when the same expansion occurs on liquid water being 
converted into solid water of combination ; for this does not con- 
sist of hexagonal ice crystals. It is not conceivable that amorphous 
substances, still less that crystalline substances belonging to any and 
every crystalline system, should enclose within them ice crystals 
belonging to the hexagonal system ; nor can it be imagined that the 
solidified water will assume a crystalline form other than the 
hexagonal, to suit the diverse crystalline forms of hydrated salts. 
There is also, perhaps, a stronger argument in the fact that the 
minimum number of water molecules which could arrange themselves 
ina hexagon is greater than the number of water molecules existing 
in many hydrated salts ; and polymerisation of the composite molecule 
will not help us out of this difficulty. The specific heat of water of 
crystallisation, just like the volume of such water, is identical with 
the specific heat of ice, and leads to the same conclusion. 
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If the expansion of water on solidifying cannot be explained by 
the grouping of its molecules, the only explanation possible is that it 
is due to a rearrangement of the constituent atoms; that solid water isa 
different chemical compound from liquid water ; if a molecule of the one 
is H-O-H, a molecule of the other is something else. That a chemical 
change Sccurs when water freezes is in itself strongly suggested by 
the magnitude of the energy changes accompanying the phenomenon; 
for in spite of its apparently simple constitution, the heat of fusion of 
water is greater than that of any known substance. 

The chemical change from the one H,O molecule to the other, like 
other chemical changes, does not, in all probability, occur at one 
fixed- temperature, but throughout a range of temperature, and, 
although the actual freezing point of water is a perfectly definite 
point, it is certain that the changes accompanying that freezing 
extend from many degrees above to many degrees below that point 
(the expansion of water, and the viscosity and regelation of ice may be 
instanced), Some molecules, therefore, such as those constituting solid 
water, are evidently present in liquid water at low, and probably at all, 
temperatures, and water must, therefore, be a mixture of (at least) two 
kinds of molecules, the relative proportions of which would vary with 
the temperature. The general regularity of the alteration in volume 
of water from 100° to even below 0° (Pickering, Phil. Mag., 1890, 
[v], 30, 399) indicates that the alteration of a contraction into an 
expansion, as the freezing point is approached, does not imply any 
sudden alteration in the changes occurring, but that whatever form of 
molecule is responsible for the expansion at low temperatures, this 
must be present, although in smaller proportions, at all temperatures, 
The altogether exceptional magnitude of the specific heat of water 
strongly supports the view that changes of a more fundamental 
character than a mere rise in temperature are occurring when 
water is heated. 

These considerations have an important bearing ‘on suggestions 
recently made by Armstrong as to the complex nature of water 
(Proc. Roy. Soc., 1908, 81, A, 80). 
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XVII. —Chlorine Derivatives of Substituted Carbamides. 


By FREDERICK DANIEL CHATTAWAY and DoNALD FREDERICK SANDYS 
WUwnscu. 


Tue action of chlorine on carbamide should give rise to four distinct 
chloro-derivatives, namely, a monochloro-, a symmetrical and an 
unsymmetrical dichloro-, a trichloro-, and a tetrachloro-carbamide. Of 
these, only one dichlorocarbamide, without doubt the symmetrical com- 
pound, has so far been isolated. To ascertain whether halogen derivatives 
belonging to the other classes can exist, the action of chlorine on a 
number of substituted carbamides has been studied, and it has been 
shown that in them it is possible to replace by chlorine all the 
hydrogen attached to nitrogen, atom by atom. Compounds of the 
types : 

NHR NCIR NCIR NCIR NR 
CO<Nnor CO<yHor C°<No,? C<vciky C<Nci, 
have been obtained, R being an acyl or an alky! group. 

The acyl monochlorocarbamides are crystalline solids, which are 
among the most stable chloroamino-compounds known. The acyl 
derivatives which contain more chlorine, and most of those which 
contain an alkyl group, are liquids which decompose on heating. 
Nearly all of the possible chloro-derivatives of acetyl-, benzoyl-, 
methyl-, s- and as-dimethyl-, ethyl-, s-diethyl-, and benzyl-carbamide 
have been prepared. 

It is thus proved that, in a substituted carbamide, the replacement 
of one hydrogen atom by chlorine does not prevent the replacement 
by chlorine of a second hydrogen atom attached to the same nitrogen. 
There is every reason, therefore, to believe that the action of chlorine 
on carbamide itself gives rise to the other theoretically possible chloro- 
substitution products, and that these will be obtained when the con- 
ditions under which they can exist are ascertained, and when the 
difficulties attending their isolation have been overcome. 


Acetylchlorocarbamide, EE nem ; 
8 


This compound separates in fine, needle-shaped crystals when a rapid 
stream of chlorine is passed into an aqueous solution of acetyl- 
carbamide saturated at about 30—40°. It is obtained quite pure by 
collecting the crystals, washing them with a little water and then 
with chloroform, and drying them over phosphoric oxide in a vacuum, 
The chlorine in this and all the other compounds described in this paper 
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was estimated by the method usually employed in analysing nitrogen 
halogen derivatives, by dissolving them in glacial acetic acid, adding 
excess of potassium iodide, and titrating the iodine liberated with 
sodium thiosulphate : 


02496 liberated I= 36°6 c.c. V/10-I. Cl as -NCl= 25°99. 
C,H,0,N,Cl requires Cl as -NCl = 25-97 per cent. 


Acetylchlorocarbamide crystallises from warm glacial acetic acid or 
from boiling chloroform, in both of which it is sparingly soluble, in 
slender, colourless plates with blunt ends and strong double refraction, 
which on collection form a felted mass. It melts when heated rapidly 
at 155—156°, at which temperature it decomposes and evolves gas; 
the decomposition is accompanied by slight crackling explosions, 
probably due to the detonation of vapour of nitrogen chloride which is 
liberated in the decomposition. 

When compared with dichlorocarbamide, acetylchlorocarbamide must 
be regarded as an extremely stable substance. It dissolves either in 
warm chloroform or warm glacial acetic acid without alteration, and 
can be kept for some days in a dry atmosphere without perceptible 
change ; it decomposes very slowly, however, with liberation of vapour 
of nitrogen chloride. 

As in this compound only one of the three hydrogen atoms 
attached to nitrogen in acetylearbamide is replaced by chlorine, this 
substitution might have been effected either in the amino-or in the 
acetylamino-group. Bearing in mind the circumstance that nitrogen 
chloride is evolved in the hydrolysis and decomposition of the 
compound, and that in the most easily isolated derivative of carbamide 
itself two hydrogen atoms only are exchanged for chlorine, it seems 
almost certain that it is one of the hydrogen atoms of the amino-group 
which is thus replaced. 


Benzoylchlorocarbamide, co<h a C.H 
6145 


This compound is best prepared by passing a rapid stream of 
chlorine into a warm soijution of benzoylearbamide in glacial acetic 
acid until it is thoroughly saturated with chlorine. As the compound 
is more easily soluble in glacial acetic acid than the parent substance, it 
remains dissolved ; it is, however, precipitated in colourless, slender 
plates by diluting the cold solution, best with a saturated aqueous 
solution of chlorine. It is slightly soluble in warm chloroform, and 
can be recrystallised from this solvent, but is best crystallised from 
warm glacial acetic acid, in which it is fairly readily soluble and from 
which it separates, on cooling, in small, colourless, elongated plates ; 
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these show strong double refraction and straight extinction ; when 
pressed together they form a lustrous, pearly mass : 

03472 liberated I= 35°1 cc. W/10-I. Clas -NCL=17'92. 

C,H,0,N,Cl requires Cl as :NCl = 17°85 per cent. 

Benzoylchlorocarbamide melts and decomposes at about 157°, but 
the temperature varies somewhat with the rapidity of heating. 
Melting and decomposition are accompanied by the evolution of gas 
and by sharp crackling explosions, probably due, as in the case of the 
acetyl derivative, to the detonation of nitrogen chloride liberated in 
vapour when the compound decomposes. 


Methyltrichlorocarbamide, CO<N oy, 
2 


Although methylcarbamide is easily acted on by chlorine, which 
without doubt replaces the aminic hydrogens atom by atom, deriv- 
atives containing one or two atoms of chlorine have not so far been 
obtained, the oily liquid which separates when chlorine is led into a 
cooled aqueous solution of methylearbamide consisting of the trichloro- 
derivative. After having been separated, washed with a little water, 
and dried over fused calcium chloride, it forms a fairly mobile, bright 
yellow-coloured liquid with an extraordinarily penetrating and irritating 
odour : 

0:2947 liberated I= 99-1 c.c. W/10-I. Cl as -NC1=59°6. 

C,H,ON,Cl, requires Cl as -NCl = 59°95 per cent. 

Methyltrichlorocarbamide volatilises easily in a current of air, and 
slowly decomposes on standing, giving off bubbles of gas. When a 
few drops contained in a test-tube are heated rapidly in an oil-bath, 
decomposition occurs at about 70—80° with slight explosion, fumes of 
hydrogen chloride being given off and a white, solid residue left. It 
dissolves readily in water, giving a colourless solution having the 
strong pungent odour of the compound itself; on warming this solu- 
tion, the methyltrichlorocarbamide is hydrolysed, nitrogen chloride, 
chloromethylamine, nitrogen, and carbon dioxide being evolved. On 
adding to it a concentrated solution of potassium hydroxide, a white, 
solid substance is formed, which almost at once decomposes violently 
with rapid evolution of gas. 


s-Dimethyldichlorocarbamide, oe 
8 


This separates as an oily liquid when chlorine is passed into a 
saturated aqueous solution of s-dimethylcarbamide as long as it is 
absorbed. It is best obtained pure by adding a little chloroform, in 
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which the oily liquid readily dissolves, separating this chloroform 
solution, drying it by fused calcium chloride, and removing the 
chloroform in a stream of warm, dry air. s-Dimethyldichlorocarbamide 
is thus obtained as a colourless oily liquid with a sharp irritating 
odour : 

0°2266 liberated 1=57°9.c.c. V/10-I. Cl as -NCl= 45-29. 

C,H,ON,Cl, requires Cl as :NCl = 45°16 per cent. 

When heated, it decomposes, sometimes with a feeble explosion, 
When warmed with water, it is for the most part hydrolysed with 
liberation of chloromethylamine and formation of carbon dioxide. 


as-Dimethyldichlorocarbamide, CO< RG Hae 
2 


This separates similarly as an oily liquid when as-dimethylcarbamide 
is dissolved in water and chlorine passed rapidly in to saturation, the 
solution meanwhile being well cooled. It was isolated as previously 
described by means of chloroform, and, after drying and volatilising 
the solvent, was obtained as a pale yellow oily liquid with a strong 
pungent odour : 


0:2438 liberated 1=61'2 c.c. V/10-I. Clas -NCl= 44°49. 
C,H,ON,Cl, requires Cl as :NCl= 45°16 per cent. 

The compound is very unstable, and, if kept, quickly decomposes, 
bubbles of gas and the vapour of nitrogen chloride escaping. When 
heated quickly it explodes feebly ; on heating more slowly it decomposes 
rapidly, giving off gas and leaving behind a white, crystalline residue. 

When warmed with water, it is hydrolysed ; nitrogen and nitrogen 
chloride are evolved, and carbon dioxide and dimethylamine are 
produced. 

Cl-C,H, 


Ethyldichlorocarbamide, CO<NOG 


This separates when chlorine is passed into a cooled 20 per cent. 
aqueous solution of ethylearbamide. It is a colourless, somewhat 
viscid liquid, which very readily decomposes when heated, giving off 
vapour of nitrogen chloride. When it is heated rapidly a feeble 
explosion results. This compound is very unstable, and quickly 
decomposes even when kept in a dry atmosphere: 


0°2462 liberated I=62°6 c.c. V/10-I. Cl as NC] = 45°17. 
C,H,ON,Cl, requires Cl as :NCl= 45:16 per cent. 
Ethyldichlorocarbamide dissolves fairly readily in water and becomes 
slowly hydrolysed ; bubbles of nitrogen and carbon dioxide are evolved, 
and nitrogen chloride and chloroethylamine are given off. Hydrolysis 
becomes much more rapid if the solution is warmed. 
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Ethyltrichlorocarbamide, CO< Toy ee. 
2 


This compound is formed by the further action of chlorine on ethyl- 
dichlorocarbamide. It is best obtained by dissolving the dichloro- 
derivative in chloroform, covering it by about ten times its volume of 
water, and passing chlorine through the liquid for some considerable 
time, shaking continuously. The trichloro-derivative dissolves in the 
chloroform, and is obtained pure by washing the chloroform solution 
several times with water, drying over fused calcium chloride, and 
removing the chloroform in a current of warm air. Ethyltrichloro- 
carbamide is a fairly mobile, bright yellowliquid with a very penetrating 
odour, resembling that of the corresponding methyl derivative. Its 
vapour is very irritating to the eyes, and attacks the skin and mucous 
membranes. It volatilises moderately easily in a current of air. 
When heated cautiously it decomposes rapidly, but without explosion ; 
if, however, the heating is ‘sudden, as, for example, over a Bunsen flame, 
it may explode with great violence, a flash of light and white fumes 
being produced. This violent explosion may be due to the detonation 
of nitrogen chloride vapour which is given off as it decomposes : 

0:2908 liberated I=90°5 e.c. W/10-I. Cl as -NC1=55°16. 

C,H,ON,C), requires Cl as -NCl = 55°56 per cent. 

Ethyltrichlorocarbamide is far less soluble in water than the 
dichloro-compound. In presence of water it is hydrolysed, not, 
however, so readily as ethyldichlorocarbamide, nitrogen and carbon 
dioxide being evolved and nitrogen chloride and chloroethylamine 
liberated. With potassium hydroxide both it and the dichloro- 
compound are decomposed, nitrogen is evolved, a carbonate is formed, 
and an odour resembling that of a carbylamine is produced. 


s-Diethyldichlorocarbamide, 00< NOLO” 

This separates when chlorine is passed into a cooled, saturated 
solution of s-diethylearbamide. When isolated in the manner 
previously described, it forms a fairly mobile, colourless liquid with 
a penetrating odour. On heating it decomposes : 

0:3427 liberated I=73°5 c.c. V/10-I. Clas :NC]l=38-01. 

C,H,,ON,Cl, requires Cl as :NCl = 38°32 per cent. 

It is hydrolysed by water, carbon dioxide and chloroethylamire 

being formed. 
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Benzylchlorocarbamide, a Pi 

When chlorine is passed into a saturated aqueous solution of 
benzylcarbamide, the liquid becomes turbid, and a colourless, oily 
substance separates. If the passage of the chlorine is not too long 
continued, this, after a short time, solidifies to a white, crystalline mass, 
consisting mainly of benzylchlorocarbamide. From this the mono- 
chloro-derivative can be obtained pure by pressing thoroughly between 
filter paper, washing with a little light petroleum, and drying over 
phosphoric oxide. It forms a white, crystalline solid, which melts 
and evolves gas at about 85—90°; decomposition begins, however, 
before the melting point is reached, and consequently the exact point 
at which the solid liquefies depends on the rate at which it is heated: 

01332 liberated I= 15:1 c.c. V/10-I. Clas -NCl=20:09. 

C,H,ON,C! requires Cl as -NCl=19°21 per cent. 


: : NCl-CH,°C,H 
Benzyldichlorocarbamide, CO<NHCI Hie a 

This compound is obtained by passing chlorine rapidly through a 
saturated solution of benzylearbamide until the solid compound first 
produced liquefies. After separation by means of chloroform as 


previously described, it is obtained as a colourless, rather viscid ‘ 


liquid with the sharp irritating odour characteristic of all highly- 
substituted chlorocarbamides. It is very unstable, and if kept for 
a few hours decomposes, giving off nitrogen chloride and frothing 
from evolution of nitrogen. On slowly heating, it decomposes very 
rapidly, giving off white fumes and leaving behind a brown, viscid 
residue : 


05395 liberated I= 97-3 c.c. V/10-I. Clas -NC1=31°96. 
C,H,ON,Cl, requires Cl as :NCl = 32°37 per cent. 


NCI-CH,-C,H, 
NCI, 


Benzyltrichlorocarbamide, CO<X 


This compound is obtained from either of the previously-described 
benzylchlorocarbamide or from benzylearbamide itself by the 
prolonged action of excess of chlorine. The procedure adopted was 
similar to that used in the preparation of ethyltrichlorocarbamide. 
Benzyltrichlorocarbamide is a bright yellow, fairly mobile liquid, which 
is moderately volatile in a current of air, and gives off highly irritating 
vapours. When heated it explodes feebly with a red, lurid flame, 
much black smoke and fumes of hydrogen chloride being produced, 
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It is very sparingly soluble in water, but readily so in chloroform or 
glacial acetic acid. It is rather more stable than benzyldichloro- 
carbamide, and can be kept for a few hours at a low temperature 
without apparent change : 

0:2712 liberated I=62°9 c.c. W/10-I. Clas -NCl=41°11. 

C,H,ON,Cl, requires Cl as -NCl=41°965 per cent. 

The reactions of these compounds are being investigated, and some 
progress has been made in the direction of isolating other chloro- 
derivatives of carbamide itself. 


The authors desire to express their thanks to Professor Odling, who 
has placed a laboratory at their service, 


UNIVERSITY CHEMICAL LABORATORY, 
OXFORD, 


XIX.— The Interaction of Hydrogen and Chlorine. 


By Davip Leonarp CaapMAN and Patrick SarsrieLD MacManov. 


BuNsEN AND Roscos (Phil. Trans., 1857, 147, 390) state that the rate 
of union of hydrogen and chlorine in a mixture composed of equivalent 
quantities of the two gases is decreased from 100 to 9-7 by the addition 
of five parts of oxygen in a thousand, and that a similar although less 
marked effect is noticeable when either hydrogen or chlorine is added 
to the same mixture, three parts of hydrogen in a thousand reducing 
the rate of interaction from 100 to 37:8, and one part of chlorine in a 
hundred from 100 to 60. 

That the inhibitive influence of oxygen is considerable was established 
by Bunsen and Roscoe, and has subsequently received substantial con- 
firmation ; but the statement that the sensitiveness of electrolytic gas 
is appreciably reduced by the addition of a comparatively small volume 
of either of the constituent gases is still open to doubt. 

We have made numerous attempts to measure the alleged inhibitive 
effects of small quantities both of hydrogen and of chlorine, but the 
experiments performed with this purpose in view have, until quite 
recently, furnished discrepant results, a circumstance which led us to 
conclude that the observed retardation was really due to impurities 
introduced with the hydrogen or chlorine. That this conclusion was 
correct is incontestably demonstrated by some experiments which we 
have lately performed. No appreciable retardation in the rate of 
interaction of hydrogen and chlorine is observable when a small volume 
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of either hydrogen or chlorine in a state of purity is added to a mixture 
of the gases in equivalent proportions. 

The hydrogen used by Bunsen and Roscoe was prepared by the 
electrolysis of dilute sulphuric acid and probably contained oxygen 
derived from the electrolyte, a source of error which we have succeeded 
in avoiding by using the hydrogen evolved from the cathode of the 
cell employed to obtain the electrolytic gas. In the electrolytic cell 
devised for the above-mentioned purpose there are two compartments 
separated by a porous diaphragm. Both compartments contain con- 
centrated hydrochloric acid, in which graphite electrodes are immersed, 
one in each compartment. Each chamber is provided with a delivery 
tube, through which the evolved gas can be conducted. To destroy 
the ammonia and albuminoid impurities contained in the hydrochloric 
acid, an electric current is conducted through the cell first in one 
direction and then in the other, until the hydrochloric acid in both 
compartments contains chlorine gas in solution. The cell is then 
allowed to stand, preferably in a position where it will be exposed to 
daylight, for several days. The hydrochloric acid is afterwards electro- 
lysed for twelve hours at least in order to displace every trace of 
oxygen. During the electrolysis, the hydrochloric acid in the anodic 
compartment becomes saturated with chlorine, and the chlorine in the 
cathodic compartment rapidly escapes with the evolved hydrogen, so 
that ultimately chlorine and hydrogen are evolved in equivalent pro- 
portions, whilst the separation of the two gases is almost complete. 
The cell is maintained at a constant temperature, and a current of 0°25 
ampere is employed to electrolyse the acid contained in it. 

The apparatus as disposed in an experiment is depicted in the 
accompanying diagram. The currents of chlorine and of hydrogen 
in the respective tubes m and m unite at the three-way tap, C’, which 
is turned so that the tubes m and m communicate with the tube o. 
The three-way tap d is turned so as to admit the mixed gases to the 
insolation chamber of the actinometer, A. The latter contains about 
5 c.c. of a dilute aqueous solution of chlorine, prepared by heating 
for some time at 100° a solution of chlorine in ammonia-free water. 
The gas escapes from the insolation chamber of the actinometer 
through the index tube, p. The electrolytic gas is passed through the 
actinometer for two hours at least. Then the tap d is turned so that 
the mixed gases escape through the potash solution in the beaker, », 
and the actinometer is left in the dark for another hour before the 
sensitiveness of its contents is measured. The last precaution is taken 
in order to ensure the attainment of a state of complete equilibrium 
in the contents of the actinometer. The sensitiveness, or velocity of 
movement of the index in centimetres per minute, is then observed 
and recorded. In the making of this measurement a feeble light 
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should be employed to bring about the combination of the chlorine 
and hydrogen, in order to reduce to a minimum the error due to 
delayed solution of the hydrogen chloride. To test for the absence of 
oxygen the mixed gases are passed again through the actinometer, 
this time for twenty minutes only, and a second measurement of the 
sensitiveness is made as before. If every trace of oxygen has been 
removed during the first filling of the actinometer then both measure- 
ments of the sensitiveness will furnish identical values. The experi- 
ment must not be started until the absence of oxygen in the electrolytic 
gas has been demonstrated. 

To measure the effect of the addition of a small volume of hydrogen 
to the electrolytic gas on the sensitiveness, we proceed in the following 
way. The three-way taps, C and d, are adjusted so that hydrogen alone 


passes through the tube o and escapes through the potash solution in 
2, the chlorine being conducted into the potash in z When the 
chlorine in the tube o has been displaced, hydrogen is admitted to A, 
its volume being measured by the number of degrees through which 
the index is driven backwards, and then after the actinometer has 
remained in the dark for an hour the sensitiveness of the mixture is 
measured. The following results were obtained : 


Percentage composition of mixture. 
A 


Hydrogen. Chlorine. Sensitiveness. 
50 11°92 
48 11°90 
47 11°70 


The addition of a small volume of hydrogen to a mixture of 
hydrogen and chlorine in equivalent amounts has therefore an 
inappreciable effect on the sensitiveness. 

It has been shown in a similar manner that the influence of a small 
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excess of chlorine on the rate of formation of hydrogen chloride js 
negligible. One experiment is recorded below : 


Percentage composition of mixture. 
A. 


Hydrogen. Chlorine. Sensitiveness. 
50 50 17°3 
49 51 17°6 
The intensity of the light in the two experiments recorded above 
was different. There are accordingly only two known substances 
which will retard in a marked degree the interaction of hydrogen and 
chlorine, namely, nitrogen chloride and oxygen. Both these substances 
have a property in common. They will react with hydrogen chloride 
with the production of chlorine according to the equations : 


4HCl+0,=2Cl,+2H,O and 
NCI, + 3HCl = NH, + 3Cl,.* 

It is possible that under certain conditions a reaction in which an 
element is formed will retard another reaction in which the same 
element is destroyed. The facts seem to indicate that such may be 
the case. We mention this conjecture merely because it has suggested 
experiments which are at present in progress. 

THE Sir LEOLINE JENKINS LABORATORIES, 


JESUS COLLEGE, 
OXFORD. 


XX.—Nitrogen Chloride. 


By Davip Leonarp CHapmMAN and LEonaRD VoDDEN, 


THE question of the true composition of nitrogen chloride possesses an 
especial interest for us on account of the observation made by 
C. H. Burgess and one of us that its vapour inhibits the photogenic 
interaction of chlorine and hydrogen. From the discrepant results of 
analyses carried out at different times over a period of almost a century 
on Dulong’s explosive chloride, we were quite unable to decide whether 
this substance was the trichloride of nitrogen only, or a mixture (the 
composition of which depended on the mode of preparation) of this 
compound with compounds derived from ammonia by the partial 
displacement of hydrogen in the latter by chlorine. Unfortunately, 


* And possibly also according to the equations : 
NCI, + HCl= NHCI,+Cl, 


le ig 


CHAPMAN AND VODDEN: NITROGEN CHLORIDE. 139 


no direct estimation of the hydrogen has ever been made. A 
sufficiently accurate idea of the degree of uncertainty at present 
attached to this question can be gained by reference being made to the 
following tabulated statement giving the formulz calulated from the 
published analyses : 


Authority, Calculated formula. 
| 
Dulong 
(Schweiggers J. Chem. Pharm., | NCl,. 
1812, 8, 32). 
a A NC\,. 


(Phil. Trans., 1818, 108, 1, 242). 


Porret, Wilson, and Kirk 
(Gilb, Ann,, 1814, 47, 56, 59). | NCle-osEi-oo- 


Bineau 
(Ann. Chim. Phys., 1845, [iii],| NCls. 
2). 


Gladstone 
(Quart. Journ. Chem. Soc., 1854,) N,Cl,H. 
7, 51). 
Millon Found that the liquid contained hydrogen. 


(Ann. Chim. Phys., 1838, 69, 75). 


For the substance prepared in the presence of 
excess of ammonium chloride: I, NCl>.4H9.¢ ; 


Gattermann 
II, NC],.7gH}-92 ; ILL, NClo-ggHo-30- 
(Ber., 1888, Zt, 788). For the substance after long exposure to chlorine, 
; NCI .3. 
. For the substance prepared in the presence of 
(Ber —— 192) excess of ammonium chloride: I, NClg-9 ; 
aie ith terete 2 II, NClo.95 3 III, NCly-o23 IV, NClo-:- 


Half of the analyses indicate that the substance can contain an 
appreciable quantity of hydrogen; of the modern observers, 
Gattermann, whose results were accepted for many years, found that 
the whole of the hydrogen in ammonia could only be replaced by 
chlorine after long treatment of the oil with the latter element ; but 
the more recent analyses of Hentschel are in entire disagreement with 
this view. The disputed point can only be satisfactorily settled by a 
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direct estimation of the hydrogen. This we have accomplished, and 
we find that the content of hydrogen is very small indeed, although 
the nitrogen chloride examined by us was prepared in the presence of g 
large excess of ammonium chloride. Anindependent estimation of the 
ratio of nitrogen to chlorine has confirmed this result. 


Analysis of Nitrogen Chloride. 


Estimation of the Hydrogen.—Chlorine gas was passed into a 
concentrated solution of ammonium chloride, and the aqueous solution 
of nitrogen chloride thus obtained was introduced into the flask 4 
(Fig. 1). 

A current of nitrogen carefully purified from oxygen was then 
passed through the solution, and the mixture of nitrogen and vapour 
of nitrogen chloride, after being dried, was passed through a quartz 


Fic. 1. 


Furnace 


tube heated to the highest temperature attainable with a Fletcher's 
fire-clay combustion furnace. The heated portion of the quartz tube 
was enclosed in a tube of glazed Berlin porcelain to prevent the 
furnace gases from coming into contact with the quartz, this material 
being pervious to hydrogen at high temperatures. Since in a quartz 
tube heated in the manner described, nitrogen chloride is com- 
pletely destroyed, any hydrogen present in the vapour would appear as 
hydrogen chloride in the issuing gases. The wash-bottles D and D’, 
containing a neutral solution of potassium iodide, were attached to the 
end of the quartz tube after all the air in the apparatus had been 
displaced by nitrogen. The iodine liberated from the potassium iodide 
and the acquired acidity of the solution were, of course, respectively 
proportional to the hydrogen and available chlorine in the vapour. 
When aconvenient quantity of iodine had been liberated—the depth of 
eolour assumed by the solution being taken as a guide—the wash- 
bottles were detached, and their contents titrated with an ./10- 


_ pa fk fhe a O22:6°4h ott 
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solution of sodium thiosulphate, the acidity being subsequently 
estimated with WV/100-potassium hydroxide, using phenolphthalein as 
indicator. The following amounts of the standard solutions were 
required : 

30 c.c. of V/10-sodium thiosulphate. 

0°5 cc. of V/100-potassium hydroxide. 
Whence we conclude that there is less than one atom of 
hydrogen to every three hundred atoms of chlorine in nitrogen chloride 
prepared in the presence of a concentrated solution of ammonium 
chloride. 

A similar result was obtained when the vapour of nitrogen chloride, 
together with the small amount of nitrogen resulting from its 
decomposition in the solution, was drawn through the heated quartz 
tube and then through the potassium iodide solution with a 
Sprengel pump, the apparatus having been suitably modified for the 
purpose. 

Estimation of the Ratio of Nitrogen to Chlorine.—The ratio of nitrogen 
to available chlorine was determined in a solution of nitrogen chloride 
in carbon tetrachloride, in which solvent the nitrogen chloride is 
remarkably stable. 

A solution of nitrogen chloride in pure carbon tetrachloride was 
prepared in the following way. About 150 c.c. of carbon tetra- 
chloride in a separating funnel were covered with a layer of a con- 
centrated aqueous solution of recrystallised ammonium chloride. 
Chlorine gas was passed into the solution of ammonium chloride, the 
resulting nitrogen chloride being dissolved in the carbon tetrachloride 
by shaking the latter vigorously with the aqueous solution. The 
operation was repeated several times until the carbon tetrachloride 
had assumed a bright yellow colour.* The heavy solution of nitrogen 
chloride in carbon tetrachloride was then separated from the aqueous 
ammonium chloride and washed four or five times with distilled 
water. The analysis was performed with the apparatus depicted in 
Fig. 2. The yellow solution of nitrogen chloride was introduced 
into the funnel B after the air in the flask A (which contained a known 
volume of a standard solution of sodium arsenite) and in the rest of the 
apparatus had been completely removed by a Sprengel pump, not shown 
in the figure. When the taps m and m had been closed, most of the 
solution of the chloride of nitrogen in B was cautiously admitted 
into the flask A. The yellow solution was shaken with the standard 
sodium arsenite until the former had completely lost its colour, the 
flexible rubber joint at B permitted of this being done. The small 
amount of nitrogen evolved during the operation, together with some 


* The tint of a solution of nitrogen chloride in carbon tetrachloride is indis- 
tinguishable from that of a solution of chlorine in the same solvent. 
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carbon dioxide derived from the sodium hydrogen carbonate in the 
standard arsenite solution, was pumped out of the apparatus through 
an acidified solution of potassium iodide contained in the wash-bottle 
C, and collected. That the nitrogen chloride had been completely 
reduced by the sodium arsenite was proved by the circumstance 
that the potassium iodide in C was not discoloured while the gases 
were being withdrawn. The gas collected at the pump was measured 
and analysed, an allowance being made for the vapour pressure of 
carbon tetrachloride ; it was found to contain, in addition to nitrogen 
and carbon dioxide, a minute trace of oxygen, which was ignored in 
the final calculation, since its amount was so small that a correction 
made for it on any conceivable hypothesis to account for its presence 
would have been negligible in comparison with the other errors of experi- 


Fig. 2. 


ment. The residual arsenite and the ammonia* contained in the 
flask A were also estimated. From the amounts of arsenite destroyed 
and ammonia and nitrogen produced, the formula of nitrogen chloride 
was calculated on the assumption that chlorine and nitrogen are the 
only components of that compound. Three experiments furnished 
results, from which the following formule were calculated : 


L NO, IL NG, If. NO, 


From the results of two earlier experiments, in which a solution of 


* Nitrogen chloride is reduced by sodium arsenite almost entirely to ammonia, 
whereas a relatively large proportion of nitrogen results from its reduction by an 
acidified solution of potassium iodide. In the latter case, the liberated iodine 
appears to facilitate the direct decomposition of the nitrogen chloride into its con- 
stituent elements, 
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potassium iodide was employed to decompose the nitrogen chloride in 
the place of a standard arsenite solution, the following formule were 


calculated : 
I. NCI,..,. II, NCI, .,. 


From the above results we conclude that nitrogen chloride prepared 
by the action of chlorine on a neutral solution of ammonium chloride 
contains little, if any, hydrogen, and that the nitrogen and chlorine 
are present in the proportion of one atomic weight of nitrogen to 
three of chlorine. 


The Hydrolysis of Nitrogen Chloride. 


Seliwanoff (Ber., 1894, 2'7, 1012) has shown that several facts 
relating to nitrogen chloride can be more clearly understood if it is 
postulated that in aqueous solution the substance is hydrolysed 
according to the equation : 


NCI, +3H,O = NH,+3HCIO. 


Thus, the extreme ease with which nitrogen chloride is reduced to 
ammonia receives”an intelligible explanation, and the fact that the 
apparent solubility of nitrogen chloride in aqueous hydrogen chloride 
is greater than in sulphuric acid or in water is satisfactorily explained, 
for hypochlorous acid, one of the products of hydrolysis, is destroyed 
by hydrogen chloride, but is not affected by sulphuric acid. So far, the 
evidence adduced in support of the view that nitrogen chloride is 
hydrolysed in solution according to the above equation has been of 
an indirect character. We have accordingly carried out a simple 
experiment with the object of demonstrating the formation of 
ammonium salts from nitrogen chloride by hydrolysis alone. 
The experiment was conducted in the following way. A concentrated 
solution of nitrogen chloride in carbon tetrachloride was shaken in a 
flask of moderately concentrated hydrochloric :acid, whereby, if 
Seliwanoff’s view is right, ammonium chloride and chlorine should be 
formed according to the following equations : 


NCI, +3H,0 = NH,+3HCI0 
HCIO+HCl = Cl, +H,0 
NH,+HCl = NH,Cl 


and the chlorine, being soluble in carbon tetrachloride, should be 
removed and an excess of ammonium chloride left in the aqueous 
layer. Thecarbon tetrachloride was then separated, and the nitrogen 
chloride removed from the aqueous solution at the pump. The acid 
solution was next rendered alkaline by the addition of ammonia- 
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free potassium hydroxide, and distilled. The distillate contained a 
considerable quantity of ammonia the presence of ammonium chloride 
in the aqueous layer being thereby demonstrated. 

THE Sir LEOLINE JENKINS LABORATORIES, 


JEsus COLLEGE, 
OXFORD. 


XXI.—The Relation between Absorption Spectra and 
Chenucal Constitution. Part XIII. Some Pyrones 
and Allied Compounds. 


By Epwarp Cartes Cyrit Baty, Jonn Norman Cot.uig, and 
HERBERT EDMESTON WATSON, 


THE question of the constitution of the pyrones and their derivatives 
has been discussed at considerable length by Feist, Claisen, and Collie, 
but only from a chemical standpoint. The subject is a difficult one, 
being complicated by the possible presence of quadrivalent oxygen, but 
for this reason presents a greater interest. The only physical measure- 
ments made up to the present are those of the molecular refractions 
by Miss Homfray (Trans., 1905, 8'7, 1443) in a paper which is a very 
valuable contribution to the literature dealing with these compounds, 
In every compound examined, Miss Homfray obtained values for the 
molecular refractivity which were considerably higher than the 
additive values calculated from the usually accepted molecular 
formule. This excess value was attributed by the author to the 
presence of quadrivalent oxygen, and formule were given to the com- 
pounds examined involving the presence of one or more atoms of 
quadrivalent oxygen. For example, the formula of dimethylpyrone 
put forward by Collie (Trans., 1904, 85, 973), 


orien 


O — ——e 
\ome!CH” 


? 


was adopted—a formula which satisfies in a very marked way the 
abnormal properties of this compound, as for example, its inability to 
form an oxime or phenylhydrazone. The hydrochloride of dimethyl 
pyrone would then be represented by the formula 


 mgpodocag, § 
—~—_OHCI—A, 

\coMe:CH” 

which agrees extremely well with the molecular refractivity, involving, 
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as it does, two quadrivalent oxygen atoms. Using the above formula 
for dimethylpyrone, the atomic refractivity of quadrivalent oxygen 
was found by Miss Homfray to be 2°65, and the value obtained 
from the above formula of the hydrochloride was 2°79. These two 
values are in very good agreement, and, moreover, the increase in 
refractivity incurred in passing from the base to its salt is of very con- 
siderable importance, as will be shown below. Since the appearance of 
Miss Homfray’s paper, a considerable amount of work has been carried 
out by Briihl (Trans., 1907, 91, 115) and others, dealing with 
the influence of contiguous double linkings on molecular refractivity, 
the presence of these contiguous double linkings always giving an 
exalted value for the refractivity, that is to say, a value which is 
greater than the purely additive value as obtained from the simple 
graphic formula of the compound. It would appear that some of the 
refractivities obtained by Miss Homfray for the other compounds 
examined by her are subject to a correction for this reason. It 
is impossible to estimate the magnitude of this correction in the light 
of our present knowledge, but it is not improbable that the exalted 
values of refractivity in many cases are partly due to this cause 
and are not entirely to be attributed to the presence of quadrivalent 


oxygen. 
It was thought that independent evidence of the constitution of 


dimethylpyrone and the allied compounds might be obtained from an 
examination of their absorption spectra, and consequently we have 
examined all the available compounds of this type ; the present paper 
contains an account of the results obtained in the more important 
cases, 

The first compounds examined were 4-pyrone, 2 : 6-dimethy]l- 
4-pyrone, and 2:3: 5: 6-tetramethyl-4-pyrone, and it was found that 
the absorption curves of the three are essentially the same. The 
absorption of the first two compounds in alcoholic solution is shown 
in Fig. 1, curves 1 and 4, the curve of tetramethylpyrone being so 
similar to that of dimethylpyrone as not to justify its reproduction. 
It is evident that not one of these compounds shows an absorption 
band, there being only a somewhat rapid extension of -the curves 
at higher concentrations. The addition of hydrogen chloride to the 
alcoholic solution causes this extension to disappear, as can be seen 
from curve 5, Fig. 1, which shows the absorption of dimethylpyrone 
in presence of considerable excess (50 equivalents) of hydrochloric acid. 
The small amount of absorption exhibited by these curves cannot in 
any way be reconciled with the ordinary pyrone formula, namely, 

Me:CH 
Me:0H7> Oo 
for not only is there a carbonyl group situated between two ethylenic 
VOL, XCV. L 
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double linkings, but there is also the added effect of the unsaturated 
oxygen atom in the ring. On the other hand, the bridged-ring 
structure put forward by Collie (Joc. cit.) would naturally give rise 
to the small amount of general absorption we have observed. The 
slight extension on the absorption curve would then arise from the 
play of forces between the residual affinity of the central or bridged 
oxygen and the three double linkings of the ring. This view is 
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supported by the fact that in the presence of hydrogen chloride this 
sudden extension on the absorption curve is entirely eliminated. 

A very significant fact referred to above is that the molecular 
refractivity of the hydrochloride of dimethylpyrone has an even 
greater exalted value than the free base. If, as might possibly be 
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suggested, the exalted values given by the free base were due to some 
arrangement of contiguous double linkings, it would be impossible to 
conceive how this could be further exalted by the removal of some of 
the residual affinity consequent on the addition of one molecule of 
hydrogen chloride. 

The evidence, therefore, is very strongly in favour of the bridged- 
ring formula for the pyrones, since this formula satisfies the values 
obtained with the refractometer and the spectroscope, and also is 
supported by their chemical behaviour. 

A very marked change in the absorption of the pyrones is manifested 
on the addition of sodium ethoxide to their solutions in alcohol. 
Curves 2 and 3, Fig. 1, show the absorption of pyrone in presence of 
one and sixty equivalents of sodium ethoxide respectively. A well- 
marked absorption band is now produced with the one equivalent and 
intensified with the sixty equivalents. Very similar results are pro- 
duced with dimethylpyrone, only in this case a greater relative con- 
centration of sodium ethoxide is required (Fig. 1, curve 6). The 


curve in the latter case is very strikingly similar to that given by 
ylutidone in presence of hydrogen chloride (Baker and Baly, Trans., 
1907, 91, 1122), and, moreover, the chemical evidence shows that an 
additive compound of dimethylpyrone and sodium ethoxide is formed 
(Collie and Steele, Trans., 1900, 77, 970). The analogy to lutidone 


hydrochloride suggests at once that the additive compound is to be 
represented by E>0 ea OO. 

As was pointed out in the previous paper, lutidone hydrochloride 
is very similar in its absorption to phorone, where a carbonyl group is 
situated between two double linkings, so that the spectroscopic evidence 
isin favour of the addition of the sodium ethoxide to dimethylpyrone 
as in the above formula. There is thus a very striking difference in 
the addition of hydrogen chloride and of sodium ethoxide to dimethyl- 
pyrone, for the former unites with the oxygen atom in the bridge, 
whilst in the latter case, the addition takes place to the oxygen atom 
in the ring, the bridge being first ruptured. 

The effect of the addition of alkali to an aqueous solution of 
dimethylpyrone is entirely different from that obtained in alcoholic 
solution, as can be seen from curve 7, Fig. 1. It is well known that 
the addition of alkali to an aqueous solution of dimethylpyrone tends 
to give the sodium salt of diacetylacetone, and, indeed, the absorption 
curve obtained approximates to that of diacetylacetone in aqueous 
alkali (Fig. 2, lower curve 2), so that no doubt a considerable quantity 
of this substance is formed. 

The results obtained from the spectroscopic examination of diacetyl- 


acetone have proved somewhat complex, owing to the various forms in 
L 2 
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which this substance might exist. It is evident from its empirical 
formula that it might exist either as a hydrate of dimethylpyrone or 
as an open-chain compound. There are thus three different possibilities 
as follows : 
TENG H CMe:CH 
a ig HO? °<coMe:cH> 
(I.) (II.) 
CH,°CO-CH,°CO-CH,°CO-CH, 
(III.) 
Fic. 2. 
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and, further, of these, (III) might exist in one of the possible enolic 


forms. 
Now the absorption curves of diacetylacetone in aqueous and 


alcoholic solutions (Fig. 2, lower curves 1 and 3) are entirely different 
from one another, but whatever may be the final interpretation, there 
is no doubt that formula (I) above must be ruled out of court, for 
neither of the two curves bears the slightest resemblance to that of 
dimethylpyrone hydrochloride. We are therefore left with the two 
forms (II) and (III), and in order to test the validity of (ITI), or rather 
the dynamic equilibrium of the ketonic and enolic forms, we have 
examined the absorption spectrum of tetra-acetylethane, which possesses 
an analogous structure to (III). The absorption of the latter com- 
pound is shown on Fig. 3, lower curves 3 and 4, in. neutral and alkaline 
solutions respectively. The type of absorption closely resembles that 
of diacetylacetone in aqueous solution, and, indeed, the absorption of 
both these compounds is of the keto-enolic type, as exemplified by 
acetylacetone, etc. (Baly and Desch, Trans., 1904, 85, 1029). There 
is therefore every justification for the conclusion that diacetylacetone 
in aqueous solution exists in the open-chain configuration, and that it 
isa dynamic equilibrium mixture of the ketonic and enolic forms. 

The case is different when the compound is dissolved in alcohol, for 
the absorption curve shows a most exceptionally broad band. It is, 
however, of some importance to note that this band covers the region 
occupied by the band given by an alcoholic solution of dimethyl- 
pyrone in presence of sodium ethoxide and the band of diacetyl- 
acetone in aqueous solution. Now it is clear that if the diacetyl- 
acetone had the form (II), its absorption would conform more or less 
to that of pyrone in presence, of alcoholic sodium ethoxide; the 
absorption, however, is compounded of that of the open-chain formula 
and of that of pyrone in alcoholic sodium ethoxide. For this reason 
it appears certain that diacetylacetone in alcoholic solution exists 
in both forms, (II) and (III). This conclusion is borne out by the fact 
that under certain conditions the alcoholic solution shows the broad 
absorption band subdivided into two, one due to form (ITI) and the 
other due to form (III). The addition of sodium ethoxide to the 
alcoholic solution of dimethylpyrone still further supports this 
conclusion, for two absorption bands are exhibited (Fig. 2, lower 
curve 4), one almost the same as that of dimethylpyrone in presence 
of alcoholic sodium ethoxide (Fig. 1, curve 6), and the other the 
same as diacetylacetone in presence of aqueous alkali (Fig.-2, lower 
curve 2), 

In Fig. 2, upper curves 1 and 2, is shown the absorption of the 
alcohol compound of dimethylpyrone in neutral and alkaline alcoholic 
solution respectively: A comparison of the latter with Fig. 1, 
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curve 6, shows at once that at the strength employed (¥/100), 87 
equivalents of sodium ethoxide only partly convert the dimethylpyrone 
into the additive compound. From analogy to diacetylacetone, the 
formula of the alcohol compound of dimethylpyrone would appear 
to be 


OMe:CH 
ao “<aaree co, 


and is therefore the monomethyl ether of diacetylacetone. It is 
interesting to compare the readiness with which this compound loses 
alcohol and diacetylacetone loses water. Whereas, in the former 
case, the molecule of alcohol is removed with the greatest of ease, 
diacetylacetone only loses its water with difficulty. This may be 
represented in another way by comparing the two reversible 
processes : 


@ <> Sp 2 
CH,-C(OH):CH-CO-CH:0(OEt)-CH, 

6 M2 woz 
CH,-C(OH):CH-CO-CH:C(OH)-CH, 


; In (a) there is no tendency for the open-chain compound to he 
formed, but the intermediary compound prefers to pass into the 
pyrone ; in (5), on the other hand, the open-chain compound is the 
most favoured in aqueous solution, and in alcoholic solution there is 
present some of the intermediary compound, probably in equilibrium 
with the open-chain form. The tendency is for the intermediary 
compound to pass into the open-chain ; therefore it will only lose 
water with difficulty to give the pyrone. 

Two derivatives of pyrone may next be dealt with, namely, pyro- 
meconic acid and triacetic lactone, the absorption spectra of which are 
shown on the upper portions of Figs. 2 and 3  Pyromeconic acid 
(2-hydroxy-4-pyrone) in neutral alcoholic solution (Fig. 2, upper curve 
3) is very interesting, for it exhibits a shallow absorption band which 
must arise from the influence of the hydroxyl group. An almost 
identical curve is given by triacetic lactone ethyl ether (Fig. 3, upper 
curve 3), showing that these two compounds possess an analogous struc- 
ture. The head of the absorption band in each case is at about 
1/\ = 3000, and therefore it is not possible that the conjugate linking 
occurs ; in other words, their structure cannot be represented by the 
two formule : 


OH):CH C(OEt):0 
<C> OO 0<cMe—cn? 


Pyromeconic acid. Triacetic lactone ethyl ether. 


ABSORPTION SPECTRA AND CHEMICAL CONSTITUTION. 151 


Doubtless the bridged ring is also present in each case, and there- 
fore the absorption band is due to the influence of the hydroxylic 
oxygen in each case. The addition of sodium ethoxide to the solution 
of pyromeconic acid produces an effect quite analogous to that 
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observed with 4-pyrone itself. A similar additive compound is formed 
with the rupture of the bridge, with the result that the absorption 
curve obtained (Fig. 2, upper curve 4) is almost identical with that of 
the additive compound of pyrone and sodium ethoxide (Fig. 1, curve 
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2). The absorption band is now produced by the contiguous double 
linkings, as expressed in the formula : 


Ta ((OH):CH 
BLO” °S\cH=-cH> ©: 


Triacetic lactone, on the other hand, has not the same structure as 
its ethyl ether, for a much deeper absorption band is produced (Fig. 3, 
upper curve 1). This difference, however, is in all probability to be 
explained by the lactone existing in the ketonic form, 


*\o 


\Nome-CHZ 


the absorption band being due to the presence of some enol-ketonic 
tautomerism as in the case of camphor, to which, indeed, the absorption 
spectrum closely approximates. 

The addition of a small quantity of sodium ethoxide to the alcoholic 
solution of triacetic lactone is only sufficient to form the sodium salt, 
with no essential alteration in the absorption spectrum. As in the 
case of dimethylpyrone, a small quantity of sodium ethoxide is not 
sufficient to break the bridge with the formation of the additive 
compound. The presence of the methyl group restrains the formation 
of the additive compound in both cases. The discussion of this point 
may be reserved until later. 

The absorption curves of ethyl triacetate are shown in Fig. 3, 
lower curves 1 and 2 ; this open-chain compound, 

CH,°CO-CH,°CO-CH,°CO, Et, 
exhibits an absorption similar to that of tetra-acetylethane and of the 
open-chain form of diacetylacetone. 

A very striking proof of the existence of the bridged-rimg structure 
of the pyrones is to be found in the case of diacetyldimethylpyrone, 
the absorption curve of which is shown in Fig. 4, curve 5. There is 
only slight general absorption, which is entirely incompatible with the 
ordinary formula : 


which possesses no fewer than five contiguous double linkings. If 
these linkings had free play, the compound would undoubtedly be 
coloured yellow and exhibit very strong absorption. The bridged-ring 
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form is, however, free from this objection, as may readily be seen: 
CMe:C(CO-CH 
0 4 . (C So 


NoMe-0(00- -OH,)7 


or the structure is comparable with a benzenoid compound, where, as 
is well known, the benzenoid dynamic activity is restrained by the 
substitution by acetyl and other electronegative groups. In this case, 
as in the other pyrones, the ring is ruptured on the addition of sodium 
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ethoxide, a yellow compound being formed, the absorption of which is 
shown in Fig. 4, curve 6. As is evident from the formula: 


CMe:C(CO-CH,) 
B10? °SoMe:C(00- -CH \> 00, 
the double linkings have now free play, with the formation of an 
absorption band as high up the spectrum as !/A = 2180. 


Quite similar arguments are applicable to chelidonic acid and its 
ethyl ester, for the absorption of these compounds in alcoholic 
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solution (curve 1, Fig. 5) is quite impossible if the structure were 
represented by 


and, as in the case of diacetyldimethylpyrone, the bridged-ring 
structure must be present in order to account for there being only 
small general absorption. The formula may therefore be written 
C(CO,Et):CH 
oO) CH 
So(co, Et)-CH7 
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The addition of sodium ethoxide to the alcoholic solution, or of sodium 
hydroxide to the aqueous solution, as in the previous cases, forms 4 
yellow additive compound with the consequent rupture of the bridge, 
so that there is every possibility for the free play of forces between 
the five contiguous double linkings (Fig. 5, curves 2 and 3). 

Ethyl xanthochelidonate, the empirical formula of which corre- 
sponds with an additive compound of ethyl chelidonate and water, 
naturally exhibits very considerable absorption, since the bridged 


-ring 
only 
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structure is no longer possible, and generally speaking the five 
contiguous linkings have free play. There is, however, very con- 
siderable difference in the absorption of this compound according to 
the nature of the solvent. In perfectly dry chloroform or ether, the 
substance forms a colourless solution, and the absorption exhibited is 
shown in Fig. 5, curve 4, there being present one absorption band 
with its head at about 1/A=3000. The addition of the slightest 
trace of water causes the solution to become intensely yellow, and 
since the amount of water is far less than is necessary to form an 
additive compound, this must be due to an isomeric change. On the 
other hand, the solution in alcohol in the presence of sodium ethoxide 
shows two absorption bands, one at 1/A=2450 and the other at 
1/\=3500. This latter spectrum is quite analogous to that of ethyl 
chelidonate as obtained in aqueous alkaline solution, and would 
appear to be due to the sodium compound of the ester, 
Na CO,Et):CH 
Na (OOrEt:CH> ae 

For this reason we are inclined to the view that ethyl xantho- 
chelidonate in anhydrous chloroform or ether exists in the open-chain 
form, CO,Et-C(OH):CH-CO-CH:C(OH)-CO, Et, an explanation which 
might also account for the abnormally high values of the refractivity 
found by Miss Homfray for this compound in the former solvent. On 
these grounds the absorption results obtained with solutions in alcohol 
and in water (Fig. 5, curves 6 and 5) would be due to mixtures of the 
two forms, the closed ring, 


H (CO, Et):-CH. 
HO> O<ico'E: CH??? 
and the open chain. 


A comparison of ethyl chelidonate and ethyl xanthochelidonate and 
their absorption spectra may be made, for the formule of the additive 
compounds may be written as follows: 


Nav, -0(CO,Et):CH~ Nax,,-C(CO,Et):CH 
>On? >co Na07 0<C(CO;Et);CH> CO 


EtO C(CO,Et):CH 
Ethyl chelidonate in alcohol Ethyl xanthochelidonate in alcohol 
with sodium ethoxide. with sodium ethoxide. 
(I.) (II.) 


The two compounds differ merely by the replacement of the ethyl 
group in (I) by sodium in (II). That these compounds would differ 
in their absorption follows from a comparison of the esters and sodium 
salts of the unsaturated aromatic acids (Baly and Schaefer, Trans., 
1908, 93, 1808), and their spectra are shown in Fig. 5, curves 2 and 
7 respectively. The addition of sodium hydroxide to a solution of 
chelidonic acid would tend to give substance (II) above ; this is in 
agreement with the absorption obtained, as shown in Fig, 5, curve 3, 
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which is very similar to curve 7, the slight difference being due no 
doubt to the fact that the acid was used in place of the ester. 

We have also examined the absorption spectrum of dehydracetic 
acid, isodehydracetic acid, and dimethylpyronecarboxylic acid. The 
curves for the first-named substance are shown in Fig. 4 (curves | 
and 2), and it may be seen at once that the addition of sodium ethoxide 
shifts the band towards the shorter wave-lengths, which is quite 
exceptional in these compounds. Two formule have been proposed 
for dehydracetic acid, one by Feist and the other by Collie : 

CH,°CO-CH,):CH~,, a ———C0H 
oo HO o 5. oh(C0- “CH, 0°: 
(Collie. ) (Feist. ) 

Whichever be the correct formula, it is evident that the ring must 
be bridged, for otherwise, the addition of alkali would increase the 
absorption considerably. Consequently the question of constitution 
lies between the two forms : 


O(CH, = CH,):CH CH eae CH 
oZ \ a No and oF ae No, 


\co CH, a N00: CH(CO- ‘OH, )“ 
(I.) (I1.) 

The very close similarity between triacetic lactone and dehydracetic 
acid in presence of alkali is necessarily strongly in favour of (1), since 
in (II) there is one more carbonyl group in direct conjugation than in 
triacetic lactone, which would presumably increase the play of forces 
and so alter the absorption. The increase of absorption in the free 
compound does not seem to follow, however, from either of the 
formule. 

The absorption spectrum of dimethylpyronecarboxylic acid is shown 
in Fig. 4, curve 3, and presents some considerable interest. The 
formula of this compound from the method of preparation depends on 
that of dehydracetic acid. Two are possible, namely : 


J&(CH;"CO,H)-CHy ZOCH,)-C :(CO,H)\ 


one aay, \oMe———cH7 ” 
(I.) (IL.) 
and, of these, (I) would follow if Collie’s formula for dehydracetic acid 
were correct, and (II) if that of Feist were true. We have observed 
that the addition of sodium ethoxide to the alcoholic solution of this 
acid does not at once produce any very marked change in the absorp- 
tion, but if this solution is kept standing for about a week, the type of 
absorption is quite altered and becomes like that of the open-chain 
form of diacetylacetone. It appears, therefore, that this acid, even in 
alcoholic solution in the presence of sodium ethoxide, is inclined to 
open up and favour the open-chain form. This tendency will 
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naturally be antagonistic to the formation of the bridged ring, which 
is the final condensed form of the pyrones. Consequently in this 
compound we should expect to find some evidence that the whole 
does not exist in the bridged-ring form, and, indeed, the absorption 
curve shows a sudden extension or incipient absorption band in 
the same region of the spectrum as the band of the addition compound 
of dimethylpyrone and sodium ethoxide. Dimethylpyronecarboxylic 
acid, therefore, must exist in alcoholic solution to a great extent as 


(CH,-CO,H):CH OMe:0(CO,H) 
OMea CHOP or OMG, —— hy 0. 


(I.) (II.) 


O 


Since the region of the absorption is the same as that of the 
compound of dimethylpyrone and sodium ethoxide, formula (I) is 
the more probable, since (II) introduces a further conjugation of the 
carbonyl portion of the carboxyl group. This would mean, therefore, that 
Collie’s formula is the more probable for dehydracetic acid, which 
agrees with the conclusion drawn above for this substance. 

It is possible that the reason for this abnormal behaviour of di- 
methylpyronecarboxylic acid lies in the CH, group of the side-chain, 
It has been previously shown that in compounds of the type of benzyl 
methyl ether and benzyl alcohol, which contain in the side-chain a CH, 
group and some group possessing residual affinity, the absorption and 
dynamic activity of the benzene nucleus are much modified (Baly and 
Collie, Trans., 1905, 8'7, 1332). The influence of a CH, group in 
this way is often very pronounced, although the reason for this is 
obscure (Baly and Tuck, Trans., 1908, 93, 1902), and, further, it is not 
improbable that the increased absorption of dehydracetic acid (which 
is doubtless ketonic) in neutral solution is due to this cause. 

Finally, we have observed the absorption spectrum of ésodehydr- 
acetic acid, which is shown in Fig. 4, curve 4, although the substance 
does not belong to the class of 4-pyrones. 

A reference was made above to the much greater readiness with 
which sodium ethoxide forms the additive compound with pyrone than 
it does with dimethylpyrone. This fact was also noticed in the case 
of pyromeconic acid and triacetic lactone, for the addition takes place 
much more readily in the former case. In the case of pyrone one 
equivalent of sodium ethoxide is sufficient to form a considerable 
quantity of the additive compound, whereas upwards of eighty 
equivalents are required in the case of dimethylpyrone. Again, four 
equivalents are sufficient in the case of pyromeconic acid, and ten 
equivalents are entirely insufficient with triacetic lactone. There is 
therefore no doubt that the presence of the methyl groups on the 
neighbouring carbon atoms materially decreases the activity of the 
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oxygen atom, this being comparable with the effect already examined 
in the ketones (Stewart and Baly, Trans., 1906, 89, 507). This 
fact brings the observations within the class of phenomena usually 
known as steric hindrance. 


Conclusions. 


1. The results obtained indicate that pyrone, dimethylpyrone, and 
tetramethylpyrone exist in solution in the bridged-ring form. 

2. Diacetylacetone in aqueous solution exists in the open-chain 
form and is an equilibrium mixture of the enolic and ketonic forms, 
In alcoholic solution this compound exists partly in the closed-ring 
form, that is to say, as a hydrate of dimethylpyrone. 

3. Pyromeconic acid, triacetic lactone, diacetyldimethylpyrone, 
chelidonic acid, and its ethyl ester all possess the bridged-ring 
structure. 

4. The bridge structure thus typical of the pyrones is broken in 
the presence of sodium ethoxide, due to the formation of an additive 
compound in each case, the addition of the sodium ethoxide being to 
the atom of oxygen in the ring. 

5. Ethyl xanthochelidonate appears to exist in the open-chain form 
in dry ether or chloroform solution, which solutions are both colour- 
less. In alcoholic or aqueous solution it exists as a mixture of the 


open-chain and closed-ring forms, and in alcoholic solution in presence 
of sodium ethoxide, entirely as the sodium salt of the closed-ring 
form. 


6. The absorption spectrum of dehydracetic acid indicates that 
Collie’s formula is more probable for this compound than that of Feist. 
This would lead to the conclusion that the so-called dimethylpyrone- 
B-carboxylic acid has not this formula, but the carboxyl group is 
attached to one of the methyl groups. This acid exhibits an absorption 
in agreement with this view, and, moreover, appears to exist partly 
with its ring unbridged. 


In conclusion we have to express our thanks to Mr. Foster Spoxton 
and to Dr. H. Bassett for the valuable help they have given us in the 
investigation. 
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ACTION OF ALCOHOLS ON METALLIC CALCIUM, 


XXII.—Action of Alcohols on Metallic Calcium. 


By Freperick Mottwo PeERKIN and LionEeL Pratt. 


Asout twelve months ago (Proc., 1907, 23, 304) we showed that 
calcium ethoxide is formed by the action of calcium on ethyl 
alcohol. The work has been extended, and it is now proposed to 
describe the compound in detail and its employment in organic 
synthesis. We have confined our work mainly, although not 
entirely, to calcium ethoxide, because this is the most easily pro- 
duced alkyloxide and is of more general use. 

When calcium is brought into contact with absolute alcohol, 
reaction may commence within the course of from thirty to sixty 
minutes, or no apparent action may ensue for three or four days, 
and then suddenly vigorous effervescence will commence, the 
reaction continuing until the whole of the calcium has been con- 
verted into the ethoxide. Probably this, at times, slow reaction 
is due to the metal being coated. with a thin film of oxide; conse- 
quently reaction will not commence until the alcohol has made its 
way through this covering and has come into direct contact with 
the metal. When the mixture of alcohol and calcium is warmed on 
the water-bath, reaction will generally commence in a few minutes, 
and be complete within from one to two hours. We find it 
advantageous, in order that the reaction may be completed as 
rapidly as possible, to add from two to three times the theoretical 
amount of alcohol. The calcium ethoxide can be obtained free 
from alcohol by distilling the latter from an oil-bath at about 160°. 
This may either be done in an atmosphere of hydrogen or without 
taking this precaution. There is, of course, a slight tendency to 
oxidation on cooling when hydrogen is not employed, but this is 
very much less than in the corresponding preparation of dry 
sodium ethoxide. The small amount of alcohol vapour remaining 
in the apparatus probably prevents the oxidation, and when cold 
the calcium ethoxide is not deliquescent, and therefore does not 
oxidise so rapidly as the corresponding potassium or sodium com- 
pounds. As, however, it is necessary to allow it to cool in presence 
of alcohol vapour, the distilling flask must not be moved from the 
condenser until it is quite cold; otherwise if the hot product is 
exposed to the air, oxidation takes place and it becomes red-hot, 
smouldering away until it is completely decomposed. When cold, 
it is very readily detached from the distilling flask, because it con- 
tracts slightly on cooling, and usually gentle shaking is sufficient 
to break it up small enough to pour out of the neck of the flask. 
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Calcium ethoxide is a white substance with a slight tinge of 
yellow, but this yellow colour may very likely be due to traces of 
iron oxide, calcium carbide, and calcium oxide, which the meta] 
contains. In fact, it is impossible to obtain calcium in the form 
of turnings without having the surface superficially oxidised, and 
traces of moisture in the alcohol would also tend to the formation 
of calcium oxide. The calcium turnings used by ys were obtained 
from the Elektrochemische Fabrik, Bitterfeld. 

The calcium ethoxide was analysed as follows: (a) A portion 
was ignited until constancy in weight was obtained. (6) The 
substance was dissolved in hydrochloric acid, neutralised with 
ammonia and precipitated as oxalate, and ignited as usual. (c) In 
another set of experiments it was converted into sulphate, but it 
was finally found that exactly the same results were obtained by 
employing the simpler method, namely, that of direct ignition. 
The substance evidently contained small quantities of calcium 
oxide, the best analysis obtained giving Ca=34°7, whereas Ca(OEt), 
requires Ca= 30°80 per cent. 

We have also succeeded in obtaining calcium ethoxide in the 
form of crystals by boiling about 5 grams of metallic calcium with 
about 300 c.c. of absolute alcohol. A considerable portion of the 
ethoxide dissolves, and after allowing to settle and pouring off the 
supernatant liquid, the latter is slowly evaporated in an evacuated 
desiccator over calcium chloride. In the course of twenty-four 
hours or so, colourless crystals about 2 mm. in length separate out; 
as soon as. they are removed from the alcohol, however, they com- 
mente to effloresce. The crystals appear to be octahedral, but 
owing to the efflorescence it was impossible exactly to determine 
their shape; sometimes, however, they separate in groups of 
needles. The moist substance was placed in an evacuated desic- 
cator over sulphuric acid, and was analysed at the end of six (I), 
twenty-four (IL), seventy-two (III), and ninety-six hours (IV), when 
it was found that the calcium content increased progressively, 
although after seventy-two hours the loss in alcohol which was 
taking place was very slow. It will thus be seen that the freshly- 
crystallised substance contains two molecules of alcohol of 
crystallisation, which is gradually lost, until finally the alcohol- 
free product is obtained. 


I. Found, Ca= 18-26. Ca(OEt),,2EtOH requires Ca = 18-04 per cent. 
Il. ,, Ca=19-80, 
Ill. ,, Ca=23°80. Ca(OEt),,EtOH » Ca=22°74 ,, 
IV. , Ca=2654. Ca(QEt), »  Ca=30°80 _,, 


In another case some of the transparent crystals were placed in 
a desiccator containing calcium chloride, which had been used 
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several times for drying other crystals and smelt strongly of 
alcohol. At the end of forty-eight hours they had not lost their 
transparency. On analysis: 

Found, Ca=18°25. Ca(OEt),,2EtOH requires Ca=18°04 per cent. 

Analysis of Caletum Ethoxide dried at 170°.—About 10 grams 
of metallic calcium were boiled with a large excess of alcohol, and 
after all action had ceased the clear supernatant liquor was 
poured off from undissolved residue. This liquid was then placed 
in a distilling flask connected with a condenser and heated to 170° 
in an oil-bath, at the same time a rapid stream of dry hydrogen 
being passed over it. When all the alcohol had distilled off, the 
product was cooled, the current of hydrogen being meanwhile 
maintained. Analysis gave: 

Found, Ca=30°84. Ca(OEt), requires Ca=30°80 per cent. 

It is thus evident that pure calcium ethoxide can be obtained by 
dissolving the impure product in ethyl alcohol and distilling off 
the excess of the solvent in a stream of hydrogen; but when it 
is allowed to crystallise out from the alcohol, it contains two 
molecules of alcohol of crystallisation. 

Action of Calcium Hydride on Alcohols.—It seemed to be of 
interest to ascertain whether calcium hydride would react with 
alcohols in a similar manner to metallic calcium, and we find that 
when the hydride is left for a short time in contact with alcohols, 
reaction takes place and the calcium alkyloxide is produced. In 
fact, in cases where the alcohol only reacts slowly with metallic 
calcium, the action is much more rapid and vigorous when calcium 
hydride is employed. The final product, however, is not so pure 
as when metallic calcium is used, because the commercial calcium 
hydride does not generally contain more than 80 per cent. of the 
pure hydride, the impurities being calcium oxide and calcium 
nitride. In the case of ethyl alcohol, the pure substance can be 
produced by treating the product obtained from calcium hydride 
with excess of alcohol, separating it from undissolved material, and 
crystallising or distilling in a stream of hydrogen. With other 
alcohols, however, most of which exert very little solvent action 
on the alkyloxide, it is not possible to purify the product in this 
way. 

Calcium ethoxide, when pure, is a white, amorphous powder, which 
reacts with water, yielding calcium hydroxide and alcohol. We 
have tried its action in place of sodium ethoxide in the following 
synthetical preparations. 

Condensation of Ethyl Acetate—Two hundred grams of ethyl 
acetate were heated with 20 grams of metallic calcium for twelve 
hours in a reflux apparatus. The product was worked up in the 
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usual way for the preparation of ethyl acetoacetate, and 14 grams 
of the pure substance were obtained, which is a much poorer yield 
than is produced when metallic sodium is employed as condensing 
agent. 

Condensation of n-Propyl Iodide with Ethyl Acetoacetate— 
Five grams of metallic calcium were boiled with 25 c.c. of absolute 
alcohol in a reflux apparatus until action ceased, and the whole 
of the calcium was converted into ethoxide. The ethoxide was 
only partly dissolved, a considerable quantity remaining in sus. 
pension. Thirty-three grams of ethyl acetoacetate were then 
added, and the mixture was boiled for about five minutes, when 
40 grams of n-propyl iodide were added. A clear solution resulted, 
and the mixture was boiled from six to eight hours. The clear, 
nearly neutral liquid was poured into water, slightly acidified with 
acetic acid, and worked up as usual. On fractionation, three frac- 
tions were obtained, namely, one at 100—130°, which consisted of 
unchanged propyl iodide; the second at 130—200°, which con- 
tained unchanged ethyl acetoacetate; and the third at 200—215°, 
which proved to be propyl acetoacetate. This, on refractionation, 
boiled constantly at 208°; the yield was 35 per cent. of the 
theoretical. 

Condensation of Ethyl Iodide—When ethyl iodide was con- 
densed with ethyl acetoacetate by means of calcium ethoxide, a 
56 per cent. yield of ethyl ethylacetoacetate was obtained. 

Condensation of Diethylmalonate and Benzyl Chloride.—Twenty- 
two grams of metallic calcium were converted into ethoxide in 
140 c.c. of absolute alcohol. When the action was complete, 160 
grams of diethylmalonate (1 mol.) were added, when a vigorous 
action took place, the calcium ethoxide partly passing into solution. 
One hundred and twenty-six grams of benzyl chloride (1 mol.) were 
now added, and a clear, rather syrupy solution was obtained. 
The mixture was boiled under a reflux condenser for eight hours. 
The product, which had an acid reaction, was poured into a con- 
centrated salt solution; this was extracted with ether, the 
ethereal solution washed with dilute sodium carbonate, dried and 
evaporated, and the residue fractionated under 60 mm. pressure, 
when the following fractions were obtained: 

160—190°, mainly ethyl malonate with a small quantity of benzyl 
chloride; 190—210°, mainly ethyl benzylmalonate (55 grams); 
210—230°, mainly small intermediate fraction; 230—260°, mainly 
ethyl dibenzylmalonate (46 grams). 

A portion of the fraction 230—260° was hydrolysed with 
alcoholic potash. On evaporating off the alcohol, dissolving in 
water, and acidifying with hydrochloric acid, dibenzylmalonic acid 
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was obtained, which, on recrystallisation from glacial acetic acid, 
formed brilliant needle-shaped crystals, melting and evolving gas 
at 167°. A portion of the acid was heated in an oil-bath to 
170—180° until all evolution of gas ceased. The residue crystal- 
lised from light petroleum in small, colourless needles, melting 
sharply at 92°. In the literature, the melting point of dibenzyl- 
acetic acid is given as 87°. In order to prove that the acid melting 
at 92° was dibenzylacetic acid, the silver salt was prepared and 
analysed : 

Found, Ag=31°10. C,,H,,;0,Ag requires Ag=31°11 per cent. 

The fraction 190—210° was also hydrolysed, and the acid so 
obtained was crystallised from water, when it formed colourless 
needles, melting at 119°. The melting point of benzylmalonic acid 
is given in the literature as 117°. The silver salt was prepared 
and analysed, with the folowing result: 

Found, Ag=43°15. C,jH,O,Ag, requires Ag=43°35 per cent. 

The substance was therefore benzylmalonic acid. It was then 
heated on an oil-bath to 140° until carbon dioxide was no longer 
evolved, and the residue was crystallised from water. The melting 
point was found to be 47°, which proved it to be 8-phenylpropionic 
acid. 

These experiments show that when benzyl chloride and diethyl- 
malonate are condensed by means of calcium ethoxide, the reaction 
proceeds in two directions, about equal quantities of ethyl benzyl- 
malonate and ethyl dibenzylmalonate being produced,“ a small 
quantity of diethylmalonate and a trace of benzyl chloride remain- 
ing over. It seemed, therefore, of interest to effect the condensa- 
tion, employing 2 mols. of benzyl chloride to 1 mol. of diethyl- 
malonate. 

Twelve grams of metallic calcium were converted into the 
ethoxide by heating with 100 grams of alcohol. Thirty-four grams 
of ethyl malonate and 53 grams of benzyl chloride were added, and 
the mixture was boiled under a reflux condenser for ten hours. At 
the end of the time, the slightly turbid liquid was worked up as 
previously described. On fractionation only about 5 grams of 
low boiling products were obtained, the bulk passing over at 
226—228°/18 mm., and 53 grams, or 73°4 per cent. of the theoretical 
amount, being obtained. On hydrolysis, pure dibenzylmalonic acid 
was obtained. 

Condensation of Benzyl Chloride with Methyl Cyanoacetate.— 
Thirteen grams of metallic calcium were converted into the 
ethoxide by using 70 c.c. of ethyl alcohol, and 50 grams of methyl 
cyanoacetate were added. A solid. calcium salt separated out, 
which, on the addition of 64 grams of benzyl chloride, almost com- 
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pletely dissolved. The mixture was heated in a reflux apparatus 
for seven hours, and was then poured into water, acidified with 
acetic acid, and extracted with ether. From the ethereal solution 
a heavy oil was obtained, which on fractionation under a pressure 
of 15 mm. yielded three fractions, namely, (1) below 215°, mostly 
a mixture of benzyl chloride and unchanged methyl cyanoacetate, 
(2) 215—227°, and (3) 227—240°. On refractionation there was 
obtained, below 215°, 18°5 grams; at 215—230°, 14 grams; and 
at 235—240°, 33 grams. The highest boiling fraction, a portion of 
which was hydrolysed by alcoholic potash, was very viscid. The 
acid isolated on hydrolysis was crystallised from a mixture of 
toluene and light petroleum, when it melted at 145°. The silver 
salt of this was prepared and analysed: 

Found, Ag=29°30. C,,H,,O.N requires Ag=29°02 per cent. 

The acid is, therefore, dibenzylcyanoacetic acid. The fraction 
215—230° was then hydrolysed with aqueous potassium hydroxide. 
The resulting acid was a viscid oil, which after a time slowly 
crystallised. An analysis of the silver salt showed it to be benzyl- 
cyanoacetic acid: 

Found, Ag=38°37. C,,H,O,N requires Ag=38°28 per cent. 

The results obtained on condensing cyanoacetic esters with benzyl 
chloride are similar to those obtained when benzyl chloride is con- 
densed with malonic ester, namely, the tendency is for two mole 
cules of the benzyl group to pass into the cyanoacetic or malonic 
nucleus. This is probably due to the negative character of the 
benzyl radicle. As soon as one benzyl group has entered into the 
molecule, the negative character of the entire group is increased, 
and therefore reaction takes place with a further quantity of 
calcium ethoxide, with the result that a dibenzyl compound is pro- 
duced. Consequently, small quantities of malonic or cyanoacetic 
ester and benzyl chloride remain when the reaction is over, but 
the malonic or cyanoacetic ester which is left over is greatly in 
excess of the benzyl chloride. 


Other Alkylozides. 


Attempts were made to prepare alkyloxides from other alcohols, 
but in no case could such good results be obtained as with ethyl 
alcohol. The reactions commence much more slowly, and it is 
much more difficult to complete them. The reason appears to be 
due to the very slight solubility of the alkyloxides in the corre- 
sponding alcohols. Consequently the metal becomes coated with 
a protective covering of the alkyloxide, and further reaction pro- 
ceeds exceedingly slowly. Alkyloxides have been prepared from 
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methyl, n-propyl, butyl, and benzyl alcohols, but in no case could 
satisfactory analytical numbers be obtained. The analysis always 
showed an excess of from 5 to 10 per cent. of calcium, so that we 
have not proceeded further with the examination of these sub- 
stances, particularly because the calcium ethoxide is so readily 
obtained, and, owing to its solubility in ethyl alcohol, is very 
suitable for various reactions. It should, however, be mentioned 
that the other alkyloxides are much more readily produced by 
using calcium hydride in place of metallic calcium; but as this 
substance is never pure, rarely containing more than 80 per cent. 
of the hydride, it follows that the alkyloxides thus prepared cannot 
be pure. There seems no reason, however, why they should not 
easily be prepared in the pure state were pure calcium hydride 
forthcoming. 

Reduction of Nitrobenzene—It was thought that perhaps 
calcium might be employed in place of sodium in the reduction of 
nitrobenzene and the formation of azoxybenzene. The nitro- 
benzene was dissolved: in excess of methyl alcohol in the propor- 
tions required by the following equation: 

40,H,*NO, + 3(CH,O),Ca = 20,,H, ON, + 3(H-CO,),Ca + 6H,0. 

When metallic calcium is added directly to methyl alcohol the 
reaction is very slow, but when nitrobenzene is first added a 
vigorous reaction almost immediately takes place. The mixture 
as above was heated under a reflux condenser for about six hours, 
and the liquid filtered from the solid residue, which was washed 
with methyl alcohol. The filtrate was freed from alcohol by 
evaporation, and half of it was worked up in the usual way, the 
other half being distilled with iron filings to convert it into the 
azo-compound. Only small quantities, however, of azoxy- and azo- 
benzene were obtained. That considerable reduction had taken 
place was proved by an examination of the solid residue, which 
contained a comparatively large amount of calcium formate. This 
method of preparation is, therefore, inferior to the older processes. 

Experiments were also undertaken using ethyl alcohol in place 
of methyl alcohol, and in this case 21 per cent. of the theoretical 
quantity of azoxybenzene was obtained. 
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XXIII.—The Atmospheric Oxidation of B-Methyl- 
hydrindone. 


By Arruur H. Satway, Ph.D., B.Sc., and F. Srantey Kippine, 


A SMALL quantity of @-methylhydrindone, C aie o> CH: CH, 


(Kipping and Clarke, Trans., 1903, 83, 913), which had been freely 
exposed to the atmosphere for some time, was found to have deposited 
a considerable proportion of a crystalline solid. The object of the 
present investigation was to ascertain the nature of this transforma- 
tion, and the results have shown that when this cyclic ketone is 
exposed to an atmosphere of oxygen, the latter is gradually absorbed 
with the formation of a mixture of oxidation products ; from this mix- 
ture two acids, melting at 119—120° and 210° respectively, were 
isolated in small quantity, and these compounds were ultimately 
identified as benzylmethylketone-o-carboxylic acid and phthalic acid 
respectively. A small proportion of acetic acid and of a neutral com- 
pound melting at 211° were also separated ; the amount of the latter 
substance was insufficient for further examination. 

Several examples of the atmospheric oxidation of cyclic ketones are 
already on record. Miller (Ber., 1892, 25, 2095) has shown that 
8-phenylhydrindone, when shaken in ethereal solution with aqueous 
sodium carbonate, is oxidised to phenylbenzylketone-o-carboxylic acid, 
C,H,;°CO-CH,-C,H,°CO,H, and B-hydroxy-8-phenylhydrindone, 


O,H Ke (gb OP: OH, 


but the formation of phthalic acid was not observed. Harries, on the 
other hand (Ber., 1901, 34, 2105), has recorded the fact that carvone, 


OMe< Oo, oH > CH: CMe:CH,, is slowly oxidised by atmospheric 


oxygen in the presence of barium hydroxide solution, with the forma- 
tion of 1-methyl-4-propenyldihydroresorcinol, 


oMe<Go. oH OE: OMe:CH,. 


Our experiments seem to indicate that the presence of alkalis has no 
appreciable influence on the atmospheric oxidation of #-methyl- 
hydrindone. 

In order to account for this unusual example of the disruption and 
subsequent degradation of a cyclic compound under the influence of 
atmospheric oxygen, it is necessary to assume that the ketone is first 


transformed into the enolic modification, C,H yee C(O) OMe. It is 
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then highly probable that the unsaturated grouping, CH,-C:C-OH, 


forms an additive product, > OF hi 


, with oxygen in much 


the same manner as unsaturated compounds, R°C:CR, form ozonides, 


R:O—E-R with ozone; on treatment with water this additive 


0:0°0 
product is decomposed with the formation of benzylmethylketone-o- 


carboxylic acid, the enolic modification of which undergoes a similar 
series of transformations with the ultimate formation of phthalic and 


acetic acids : 


CH, <conP > >CMe}—> [° ot <G6 


CH,Ac 
oud 9 CoH<oo 3H 
O 


o—? | BQ0 
OHL<GO, sapmty CH, Sh, H <COH-O C (OH)-CH,| —> 
CO,H ‘| 
CHO ] °% CO,H 
| CH<C6.er | > OH Cor 

The fact that under ordinary conditions 8-methylhydrindone seems 
to consist entirely of the ketonic form, which immediately passes into 
the enolic modification in presence of alkalis (Kipping, Proc., 1902, 
18, 34), does not invalidate this view of the mechanism of the oxida- 
tion process ; the latter change takes place only very slowly, and even 
after several years’ exposure to the atmosphere in an open beaker, a 
considerable proportion of the ketone is not yet oxidised. 

The oxidation products, obtained by the action of potassium 
permanganate on #-methylhydrindone under varied conditions, were 
also examined. .A considerable quantity of the ketone was always 
oxidised to phthalic acid, and variable amounts of o-carboxybenzoyl- 
formic acid, CO,H-C,H,*CO-CO,H, were obtained. In no case, how- 
ever, was it possible to isolate the compound, 

CO,H:C,H,°CH,°CO-CH,, 
which is formed by the atmospheric oxidation of the ketone. 
a-Hydrindone, like f#-methylhydrindone, undergoes change on 
exposure to air, and is slowly converted into a brown oil, but we have 
not had an opportunity of investigating the nature of this product. 


EXPERIMENTAL. 
Atmospheric Oxidation of B-Methylhydrindone. 


A number of experiments were carried out for the purpose of deter- 
mining the most favourable conditions for the rapid oxidation of the 
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ketone by air, but the results were inconclusive. The rate of oxidation 
was not appreciably increased by agitating ethereal solutions of the 
ketone with air in the presence of alkalis, and apparently the follow- 
ing method gave the best results. Thin layers of @-methylhydrindone 
were exposed for a long time to an atmosphere of moist oxygen, which 
was renewed at frequent intervals. After several months’ exposure, 
the mixture of unchanged ketone and its oxidation products was 
digested with chloroform and the insoluble solid collected. This solid, 
which amounted to about 5 per cent. of the ketone employed in the 
oxidation, was acid in character, and melted, showing some decomposi- 
tion, at 210°. It was purified by recrystallisation from water, and 
was thus obtained in clusters of colourless plates, which melted and 
decomposed at 212° when heated rapidly : 


0°1336 gave 0°2834 CO, and 0:0473 H,O. C=57'9; H=3°9. 
O,H,O, requires C=57°8 ; H=3°6 per cent. 

00934 required for neutralisation 11'1 c.c. V/10-NaOH. M.W. = 168. 
A dibasic acid, C,H,0,, requires M.W. = 166. 

The analysis and titration indicated phthalic acid, and the identity 
of this oxidation product with that acid was confirmed by evaporating 
a portion of the product with acetic chloride, when it was converted 
into phthalic anhydride melting at 128°. 

The chloroform solution, from which the phthalic acid had been 
removed as above described, was shaken with an aqueous solution of 
sodium carbonate until all acid had been removed. The alkaline 
extract was of a yellowish-red colour and, on acidification with dilute 
sulphuric acid, yielded an oil which rapidly became solid. This was 
completely extracted with ether, the ethereal solution washed with a 
little water, dried, and the ether removed, when a light brown, soft 
solid, amounting to about 20 per cent. of the ketone employed in the 
oxidation, was obtained. ‘his product was crystallised several times 
from a mixture of benzene and light petroleum, from which it was 
deposited in radiating clusters of colourless needles melting at 
119—120°: 

0°1474 gave 0°3636 CO, and 00744 H,O. C=67'3; H=5°6. 

C,,H,,0, requires C=67'4; H=5°6 per cent. 
0:1381 required for neutralisation 7°9 c.c. V/10-NaOH. M.W. =175. 
A monobasic acid, C,,H,,0,, requires M.W. = 178. 


The only possible monobasic acid of the empirical formula C,,H,,0,, 
which could be produced by the oxidation of B-methylhydrindone, is 
benzylmethylketone-o-carboxylic acid, CH,*CO-CH,°C,H,°CO,H. This 
compound has been already described by Gottlieb (Ber., 1899, 32, 
965), who gives its melting point as 118°. The identity of the above 
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compound with that of Gottlieb was completely established by the 
preparation of the oxime, which melted at 163°. 

The mother liquors from the crystallisation of the above ketonic 
acid yielded on evaporation a brown oily substance, which showed no 
signs of crystallising. It was converted into the barium salt, and the 
latter fractionated, but we were unable to isolate any definite 
compound from it. 

The chloroform solution containing the neutral products of oxida- 
tion was washed free from alkali, dried, and the chloroform evaporated. 
The residual oil was then distilled in a current of steam to remove 
unchanged methylhydrindone. There remained a small quantity of a 
semi-solid oil, amounting to about 3 per cent. of the ketone employed 
in the oxidation. It was extracted with ether, the ethereal solution 
dried, and the ether removed. The residue was dissolved in a little 
hot alcohol, and, after long standing, colourless needles melting at 
211° were deposited. This substance was insoluble in water or light 
petroleum, but readily soluble in alcohol or benzene. It was not 
obtained in sufficient quantity for further examination. The mother 
liquors still contained a large proportion of this substance, and an 
attempt was made to isolate it from these in the form of an oxime, 
but without success. 

The formation of acetic acid by the atmospheric oxidation of 


B-methylhydrindone was proved in a separate experiment. A 
quantity of the ketone was left for some time freely exposed to air in 
the presence of sodium carbonate, and ultimately acidified and distilled 
ina current of steam. The distillate was shaken once with ether to 
remove unchanged ketone, neutralised with barium hydroxide, and 
concentrated, The concentrated solution gave the reactions of an 
acetate, 


Oxidation of B-Methylhydrindone with Potassium Permanganate. 


Ten grams of B-methylhydrindone were shaken with water to form 
an emulsion, and a 2 per cent. solution of alkaline potassium per- 
manganate (14 grams) added drop by drop with continual agitation 
at the ordinary temperature. When all had been added, the mixture 
was distilled in a current of steam to remove unchanged ketone, and 
then filtered. The alkaline filtrate was concentrated to a small bulk, 
acidified with dilute sulphuric acid, and extracted several times with 
ether. From the ethereal solution there was obtained a yellowish- 
brown oil, which soon became solid. It was digested with chloroform, 
and the insoluble portion collected. This amounted to 2 grams, and 
was identified as phthalic acid. The chloroform filtrate yielded on 
evaporation an oily acid which did not crystallise. It was purified by 
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conversion into the barium salt, which separated from water in well- 
formed hexagonal plates : 


0°2534, dried at 105°, gave 0°1790 BaSO,. Ba=41°5. 
C,H,O,Ba requires Ba = 41°6 per cent. 

The free acid corresponding with this barium salt was regenerated 
by the addition of dilute sulphuric acid and extracted with ether, 
The ethereal extract was washed with a few drops of water, dried, 
and the ether removed. An oily residue was obtained, which, after 
long standing, solidified to a hard, crystalline mass. It then melted 
at 143°; 


0°1470 gave 02991 CO, and 0°0450 H,O. C=55°5; H=3-4. 
C,H,0, requires C=55-7 ; H=3l per cent. 

The analysis and the properties of the above compound prove that 
it is identical with o-carboxybenzoylformic acid (compare Scherks, 
Ber., 1885, 18, 379, and Henriques, Ber., 1888, 21, 1609). 

Other oxidation experiments, in which the amount of permanganate 
was varied from one atom of oxygen upwards per molecule of B-methyl- 
hydrindone, were carried out, but in all cases phthalic and o-carboxy- 
benzoylformic acids were formed in variable amounts, and no other 
product of oxidation could be isolated. 

If, on the other hand, hydrogen peroxide is employed as the 
oxidising agent, the reaction is apparently not more rapid than in the 
case of atmospheric oxidation. 


The Action of Bromine on B-Methylhydrindone. 


Bromine water was caused to react with B-methylhydrindone with 
the object of ascertaining whether oxidation products other than 
phthalic acid could be obtained. On adding bromine water to an 
emulsion of the ketone with water and heating to 100° the bromine 
was readily absorbed, with the formation of an oily product, which 
rapidly solidified on cooling. This solid was collected and recrys- 
tallised from alcohol, from which it was deposited in large, flat prisms 
melting at 72—73°: 

0°1771 gave 0°3485 CO, and 0:0661 H,O. C=53'7; H=4'l. 

0°3378 ,, 0°2829 AgBr. Br=35°6. 

C,,H,OBr requires C=53:°3; H=4°0; Br=35°6 per cent. 

These results indicate that the compound is a monobromo-substitution 
product of B-methylhydrindone. 

Monobromo-B-methylhydrindone, O,,H,OBr, crystallises from alcohol 
in colourless, well-formed prisms melting at 72—73°. It is readily 
soluble in the usual organic solvents, except light petroleum. It is 
best prepared by adding a slight excess of bromine to A-methyl- 
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hydrindone in chloroform solution, and removing the excess of halogen 
by means of dilute sodium hydroxide. When it is oxidised with 
potassium permanganate in alkaline solution, phthalic acid is formed, 
which proves that the substitution has not taken place in the nucleus. 
Its constitution, therefore, is in all probability, 


OH, <p62>CBr-OH,. 


UNIVERSITY COLLEGE 
NorrinGcHAM. 


XXIV.—The Condensation of Oxymethylenecamphor 


with Primary and Secondary Amino-compounds. 
By Wiuttam Jackson Pore and Jonn Reap. 


InFORMATION as to whether or not any particular primary or second- 
ary amine is resolvable into enantiomorphously related isomerides 
may be obtained by the study of the acidic derivatives which it forms 
with an optically active acid chloride ; if the amine is externally com- 
pensated it should yield two optically active and isomeric acidic 
derivatives, whilst if potentially inactive, or a pure optically active 
substance, it should form but one acidic derivative with the optically 
active acid chloride. A method of distinguishing between externally 
compensated and potentially inactive primary and secondary amino- 
compounds has been founded upon this argument by Kipping and 
Salway (Trans., 1904, 85, 438) ; as the optically active acid chloride, 
these authors used d-benzylmethylacetyl chloride with very successful 
results. In view, however, of the difficulty of preparing the acid 
chloride in question and the readiness with which it undergoes optical 
inversion, it seems desirable that other more easily obtainable and 
more stable optically active substances capable of condensing with 
amines should be rendered available for the same purpose. With 
this amongst other objects, we have studied the condensation products 
of d-oxymethylenecamphor with primary and secondary bases for the 
purpose of ascertaining to what extent this substance can be used in 
the detection of external compensation in amines. 
Oxymethylenecamphor is easily obtainable in quantity by the action 
of amyl formate and sodium on an ethereal solution of camphor as 
described by Bishop, Claisen, and Sinclair (Annalen, 1894, 281, 331) ; 
we have found that it can be conveniently used for ascertaining 
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whether a primary or secondary amine is or is not externally com- 
pensated.* 


Condensation of d-Oxymethylenecamphor with Externally Compensated 
a-Phenylethylamine. 


Externally compensated a-phenylethylamine, NH,*CHMePh, has 
been resolved by Lovén (Ber., 1896, 29, 2313; J. pr. Chem., 1905, 
[ii], 72, 307) and by Marckwald and Meth (Ber., 1905, 38, 801) into 
its optically active components ; its resolution is not easy, and it yields 
partly racemic salts with d-camphorsulphonic acid (Pope and 
Harvey, Trans., 1899, 75, 1110) and with d-bromocamphorsulphonic 
acid (Hunter and Kipping, Trans., 1903, 83, 1149), so that these 
acids cannot be used to effect its resolution. It was therefore 
interesting to ascertain whether evidence of the externally com- 
pensated character of this base is obtainable by the use of d-oxy- 
methylenecamphor. 

Claisen and his co-workers have found (loc. cit., p. 357) that con- 
densation readily occurs on mixing a methyl-alcoholic solution of 
d-oxymethylenecamphor with a solution of a primary or secondary 
amino-compound in 30 per cent. acetic acid. On treating externally 
compensated a-phenylethylamine with the equivalent quantity of 


d-oxymethylenecamphor under these conditions, the interaction takes 
place at once, and an oil, which quickly solidifies, soon separates ; the 
product is a mixture of two isomerides, and may be resolved by 
repeated crystallisation from hot alcohol. The less soluble isomeride, 
melting at 145—148°, is readily obtained in a state of purity, whilst 
the more soluble component, which melts at 112—114°5°, is purified 
by repeated crystallisation from dilute alcohol. 


d-a-Phenylethylamino-d-methylenecamphor, 
C:CH:NH-CHMePh 
CHi<bo ’ 


This substance crystallises from alcohol in almost colourless, 
glistening prisms, which melt at 145—148° ; the following results were 
obtained on analysis : 

0°0922 gave 0°2724 CO, and 00781 H,O. C=80°58; H=9°48. 

C,,H,,ON requires C = 80°50 ; H=8-89 per cent. 

On determining its specific rotatory power in various solvents, it 

was found that constant values are not immediately obtainable, 


* As quantities of artificial and externally compensated camphor are now on the 
market, it is advisable to make sure, by determinations of rotatory power, that the 
material used in work such as that now described is pure d-camphor. 
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because the compound exhibits mutarotation; although freshly 
prepared solutions are colourless, they develop a brown colour when 
preserved, and the rapidity with which the colour is produced appears 
to be paralleled by the velocity with which the specific rotatory 
power changes. The following determinations were made at the 
ordinary laboratory temperature in 2-dem. tubes, the first reading in 
each series being taken as soon as possible after the substance had 


been dissolved. 
Weight 
in 20 c.c. 
Solvent. (gram). Time Sp. [a]p. 
Benzene 0°1577 0 +5°67° +859°5° 
0°1577 18 hours +6°40 +405°9 
0°1577 18 days —0°14 -8°9 
0°2050 0 + 6°46 +315°1 
0°2050 18 hours + 8°45 +412°2 
0°2050 10 days Solution too dark to read. 
0:0998 0 + 2°55 +255°5 
0°0998 2 days +3°05 + 305°6 
0°0998 - ¢ +3°15 +315°6 
0°1652 0 +5°'03 + 304°5 
0°1652 1 hour +4°35 + 263°3 
0°1652 2 days +3°58 +210°7 


2? 
2? 


The figures quoted above indicate that in benzene solution the 
rotatory power of d-a-phenylethylamino-d-methylenecamphor first 
increases and then decreases to a negative value with lapse of time; 
in alcoholic solution the rotatory power continually increases with 
time, but in glacial acetic acid solution the rotatory power progressively 
decreases during preservation of the solution. Premising that the 
changes of rotatory power are not caused by actual destruction of the 
compound, the results may be provisionally represented as due to the 
existence of dynamic isomerides, which possibly possess the following © 
constitutions : 


C,H, 


C.Au< Yon 


¢:-CH-NH-CH MePh C-CH:N-CHMePh 
0 , 
(I.) (II.) 


H-CH:N-CHMePh 
C,H, O 
(III.) 

Although in a preliminary survey of a new field, such as we now 
present, it is not possible to prove definitely the occurrence of dynamic 
isomerides of the actual constitutions above written, evidence can be 
adduced indicating that an explanation of this kind is necessary. The 
investigations of Claisen (Annalen, 1894, 281, 306) show clearly that 
the simple derivatives of oxymethylenecamphor possess constitutions 
of the type of formula (I), and it is known (Armstrong and Lowry, 
Proc. Roy. Soc., 1904, 72, 258) that a trace of an alkaline catalyst 


hastens the establishment of isodynamic equilibrium in practically all 
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the cases which have been studied. If, therefore, the substance of 
formula (II) or (III) is produced from that of formula (I) when the 
alcoholic solution is preserved, addition of a trace of sodium ethoxide 
to the alcoholic solution should accelerate the establishment of equili- 
brium between forms (I) and (II) or (III). The following determinations 
of the rotatory power of d-a-phenylethylamino-d-methylenecamphor in 
alcoholic solution to which a very small amount of sodium ethoxide 
had been added confirm this argument. 

0:0982 gram, made up to 20 c.c. with ethyl alcohol containing a small 
quantity of sodium ethoxide, gave ap +3°15° in a 2.dem. tube when 
examined as soon as possible after the preparation of the, solution; 
whence [a])+320°8°. The rotatory power underwent no change 
during the subsequent lapse of three days. The addition of the small 
quantity of sodium ethoxide thus causes the specific rotatory power 
to assume in a few minutes approximately the maximum value which 
it attains after keeping the pure alcoholic solution for three days, 
namely, [a])+315°6°. This determination, whilst rendering highly 
probable the existence of an isomeride of the constitution (II) or (III), 
or perhaps both, also proves that the change of rotatory power is not 
- due to destruction of the compound, because this result could not be 
brought about by the trace of catalyst used. 


1-a-Phenylethylamino-d-methylenecamphor. 


The more soluble substance produced during the condensation of 
d-oxymethylenecamphor with externally compensated a-phenylethyl- 
amine, after purification as described, melts at 112—114°5° and 
crystallises in almost colourless, soft needles. The following analytical 
results were obtained ? 

0°0882 gave 0°2597 CO, and 0°0740 H,O. C=80°30; H=9-40. 

C,,H,,;ON requires C= 80°50 ; H=8°89 per cent. 

As this substance has a lower dextrorotatory power than its 
isomeride, it is convenient to distinguish the two compounds by the 
prefixes d- and /-, applied as indicated above. The following deter- 
minations of the rotatory power of the levo-isomeride were made in 
2-dem. tubes in the same solvents as in the previous case, and lead to 
the deduction of precisely similar conclusions. 

It will be seen from these numbers that whilst a lapse of four days 
is necessary for J-a-phenylethylamino-d-methylenecamphor to acquire 
a constant specific rotation ({a],+167°8°) in pure‘alcoholic solution, 
an experimentally identical value ([a],+168°1°) is attained in one 
hour if a trace of sodium ethoxide is added to the alcoholic solution. 

The fact that, quite apart from the isodynamic products, externally 
compensated a-phenylethylamine yields immediately two stereoiso- 
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Solvent. R Gp. [a]p. 
Benzene # +2°98° +189°2° 
15 hours +2°46 +156°2 
‘ ~~ ia +1022 
i. +1% +76°8 
18 days — 1°33 — 84°4 
0 +1°10 +128°4 
24 hours +1°'10 +128°4 
+2°77 + 265°6 

+ 2°29 +219°6 

+1°95 +187°0 

+1°85 +177°4 

+1°75 +167°8 

+2°05 + 222°3 

+1°55 +168°1 

19 hours +1°55 +168°1 


” ” 
9 9? 


meric condensation products with d-oxymethylenecamphor, shows that 
the latter substance can be used for the detection of external com- 
pensation in amino-compounds in much the same way as the d-benzyl- 
methylacetyl chloride of' Kipping and Salway. It does not appear, 
however, that a useful method of resolving such bases can be easily 
founded upon the use of oxymethylenecamphor, because the condensa- 
tion products, as would be expected from their constitutions, strongly 
resist hydrolysis. 


The Specific Rotatory Power of d-Oxymethylenecamphor. 


Claisen pointed out (loc. cit.) that the following three constitutional 
formule were possible for oxymethylenecamphor : 


CH:CH:0 ->CH:OH C-CH:0O 
CSH<do P OH<f - CsHu<U.on 
(I.) (IL. ) (III.) 

Briihl (Zeitsch. physikal. Chem., 1900, 34, 1) has made an extensive 
refractometric examination of oxymethylenecamphor in various 
solvents, and has decided that the substance exists only as an 
extremely stable enolic compound of the constitution (II); he con- 
cludes that no conversion into the form (I) takes place. Federlin 
(Annalen, 1907, 356, 251) has contributed a series of colorimetric 
measurements of the substance in presence of ferric chloride, and 
similarly decides in favour of constitution (II). Neither of these two 
workers has discussed the possibility of the formation of equilibrium 
mixtures of the two enolic modifications (II) and (III), and it is, 
indeed, clear that neither the refractometric nor the colorimetric 
method lends itself to differentiating between these two forms. The 
following series of determinations of the rotatory power of d-oxy- 
methylenecamphor shows this substance to exhibit marked mutarota- 
tion ; the measurements were all made in 2-dem. tubes. 
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A.—Solutions in Ethyl Alcohol. 
Weight in 

25 c.c. (gram). Time. Gp. [a]p. 
0°1976 0 +3°19° + 201°8° 

4 hours 2°99 189°2 

oi 2°99 189°2 

24 ,, 2°94 186°0 

a2. ss 2°94 186°0 


The addition of a trace of sodium ethoxide caused no further change 
in the specific rotatory power. 


B.—Solution in Benzene. 
Weight in 
25 c.c. (gram). Time. 
0°1563 


9 


Another preparation gave the following results : 


C.—Solution in Benzene. 
Weight in 
20 ¢.c. (gram). Time. Gp. [a]p. 
0°1652 0 +2°49° +150°7° 
1 hour 1°35 81°7 
48 hours 1°28 77°5 
a « 1°23 74°5 


The following measurements were made with a sample of oxy- 
methylenecamphor which, although originally of ordinary purity, 
had become yellow and sticky by lengthy preservation, as described 
by Claisen. 


D.—Solution in Benzene. 
Weight in 
20 c.c. (gram), Time. @p. [a]p. 
0°1317 0 +1°67° +126°8° 
a 1 hour 0°98 74°4 
Fe 24 hours 0°98 74°4 


It is noteworthy that the mutarotation is much less marked in 
alcoholic than in benzene solution, and that the material which had 
undergone change as a result of preservation attains a constant 
rotatory power much more rapidly than does the freshly prepared 
substance. As the occurrence of the isodynamic change is in all 


f oxy- 
purity, 
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probability conditioned by the presence of small quantities of 
impurity, and as these may change the equilibrium composition of 
the isodynamic mixture, it has not been thought advisable, at the 
present stage of the investigation, to attempt to apply the laws of 
mass action to the results obtained. Since d-oxymethylenecamphor 
exhibits mutarotation in alcohol and benzene solutions, and since the 
results of Brith] and of Federlin indicate that no considerable propor- 
tion of the material possesses the ketonic constitution (I), it seems 
justifiable to conclude that the two isodynamic forms of the enolic 
constitutions (II and ITI) are the main constituents. Oxymethylene- 
camphor appears to furnish the first observed instance of dynamic 
isomerism between two forms which contain active groups of the 
closely related constitutions shown in formule (IT) and (III). 

The mutarotation of the a-phenylethylamino-d-methylenecamphors 
cannot be seriously attributed to optical inversion of the secondary 
group in the basic component of the molecule ; nevertheless, it seemed 
desirable to examine other compounds of the same type, prepared by 
using a potentially inactive base, in order to dispel any doubts that 
might remain as to the origin of the mutarotation. The following 
substances were therefore studied. 


C:CH:NHPh 
Anilino-d-methylenecamphor, C,H, << ( - = , 


The aniline derivative of d-oxymethylenecamphor was obtained as 
an almost colourless, crystalline substance, melting at 167—170°, and 
agreeing in properties with the preparation of Bishop, Claisen, and 
Sinclair (loc. cit., p. 357). The following determinations of its 
rotatory power were made in 2-dem. tubes in benzene solution : 

Weight in 


20 c.c. (gram). Time. . [a]o- 
0°1524 + 274°9° 


300°3 

2 4 hours ; 293°6 
0°1018 0 4 309°4 
< 2 hours f 273°1 
20 5 273°1 


0 
0°5 hour ‘ 268°4 
0 


0°3406 


29 ? 


C:CH-NH:C,H,M 
p-Toluidino--d-methylenecamphor, C,H, ,< bo oer ; 


The p-toluidine derivative was prepared by Claisen and his co- 
workers as a faintly yellow, crystalline substance melting at 
188—189°. It is sparingly soluble in benzene, and on dissolving 
015 gram in 20 cc. of this solvent with the aid of heat and 
allowing to cool, the solution becomes filled with colourless, silky 
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needles ; after the lapse of half an hour, however, these re-dissolye, 
and the solution, which was originally colourless, acquires a reddish. 
brown tint. The following observations of the rotatory power were 
made : 


0°0738 gram, made up to 20 c.c. with benzene, gave on immediate 
reading a, +2°08° in a 2-dem. tube; whence [a], +281°8°. After 
standin: for ninety minutes, the value a) +1°82° was obtained; 
whence [ap +246°5°. In benzene solution the substance therefore 
exhibits mutarotation. 

0°1193 gram, made up to 20 c.c, with alcohol .to which a trace of 
sodium ethoxide has been added, gave on immediate reading ap + 427° 
in a 2-dem. tube ; whence [a], +357°9°. This value remained un. 
changed during the subsequent two days; that no mutarotation is 
observed in the presence of the catalyst is to be attributed to the 
rapidity with which equilibrium is established. 


0:CH:NH-C,,H, 
CO ; 

On mixing an alcoholic solution of d-oxymethylenecamphor with a 
solution of the corresponding quantity of B-naphthylamine in 30 per 
cent. acetic acid in the cold, reaction immediately sets in, and a copious, 
crystalline precipitate separates ; when this is crystallised from hot 
alcohol, B-naphthylamino-d-methylenecamphor is obtained in yellow, 
crystalline scales melting at 184—187°: 


0:0986 gave 0°2978 CO, and 0:0684 H,O. C=82°37; H=7°76. 
C,,H,,0N requires C = 82°56 ; H=7-59 per cent. 


On dissolving 0°16 gram of the substance in 20 c.c. of benzene with 
the aid of heat and allowing to cool, the colourless solution deposits a 
white, crystalline material ; this, however, rapidly re-dissolves, yielding 
a reddish-brown solution. The following determinations of rotatory 
power were made : 

0°1085 gram, made up to 20 c.c. with benzene, gave ap +2°87° 
in a 2-dem. tube on immediate reading; whence [a]p +2646° 
After standing for twenty-four hours, the value ap) +0°11° was 
obtained ; whence [a], +10°1°. The substance thus exhibits the 
property of mutarotation in a very marked degree. 

The above determinations of the rotatory powers of the condensa- 
tion products of d-oxymethylenecamphor with the primary amino- 
compounds, aniline, p-toluidine, and #-naphthylamine, furnish con 
clusive evidence of the occurrence of isodynamic forms in the case of 
all these compounds. In accordance with the argument stated m 
connexion with the phenylethylamine derivatives, it is concluded that 


B-Naphthylamino-d-methylenecamphor, C,H, << 
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the two isodynamic forms concerned have, in the case of a given 
primary amino-compound, NH,°X, the constitutions 
OH oe and OHi<on 3 

the colour which is developed in solutions of the condensation pro- 
ducts when kept may be attributed to the formation of the second 
form. It is to be noted, however, that whilst substances possessing 
constitutions of these two types may occur amongst the condensation 
products with primary amino-compounds, they cannot occur amongst 
the similar condensation products with secondary bases ; for the latter 


constitutions of the type of O,H,, —_—"" 


If, therefore, our interpretation of the observations of mutarotation 
recorded in the previous pages is correct, it is to be anticipated that 
when d-oxymethylenecamphor is condensed with secondary amines, 
the products will not exhibit mutarotation ; the behaviour of the 
following substance fully substantiates this prediction. 


seem alone possible. 


Methylanilino-d-methylenecamphor, C,H, a 


This substance, which was prepared by Claisenj(/oc. cit., p. 360), is 
best obtained with the aid of 50 per cent. acetic acid; when re- 
crystallised it is quite colourless, and melts sharply at 124°. The 
following determinations of its rotatory power were made in 2-dcem, 


tubes : 
Weight in 
Solvent. 20 c.c. (gram). Gp. [a]p. 

0°1238 +5°10° = +.412°0° 

0°1273 5°25 412°4 

0°1029 4°25 413°0 

In each case the rotatory power was determined as quickly as 

possible after the solution had been made up, and the initial readings 
agree with readings taken at intervals during several days. It is 
also to be observed that the solutions differ in behaviour from those 
of the condensation products with primary bases, in that they remain 
perfectly colourless ; further, the methylaniline condensation product 
was easily obtained colourless by crystallisation, whilst the colour 
of the products with aniline, p-toluidine, and $-naphthylamine could 
only be reduced to a yellow tint by prolonged fractional crystallisa- 
tion. It is thus quite clear that the behaviour of methylanilino- 
methylenecamphor affords strong confirmation of the explanation 
advanced above of the mutarotation observed in the previous cases. 


N 2 


POPE AND READ: 


ac-Tetrahydro-B-naphthylamino-d-methylenecamphor, 
CH, i as H:C,,H, 1 


For reasons which are developed below, it appeared important to 
examine the condensation product of externally compensated ac- 
tetrahydro-8-naphthyla mine with d-oxymethylenecamphor. This sub- 
stance was prepared by the method previously used, and was easily 
purified by crystallisation from hot alcohol. A careful fractional 
crystallisation of the whole product showed it to be a single substance, 
which crystallises from alcohol in glistening, nearly colourless plates 
melting at 141—144°: 

0°0878 gave 0:2625 CO, and 0:0708 H,O. C=81:54; H=9-02. 

C,,H,,ON requires C= 81°49 ; H=8-80 per cent. 

On fractionally recrystallising the first and the last fractions of the 
product from hot alcohol, and determining the rotatory powers of the 
first fraction from the former and the last fraction from the latter, the 
following results were obtained. 


First fraction from Benzene. 


Weight in 
20 c.c. 


Last fraction from Benzene. 


Weight in 
20 c.c. 


(gram). Time. Gp. [a]p. (gram). Time. Gp. [a]>. 

0°0821 0 +1°66° +202°2° 0°1002 =O +2°03° +202°6° 
99 18 hours 1°09 132°7 - 18 hours 1°40 139°7 
<a 103 125°4 a 1°30 1297 


No further change in rotatory power occurred on longer standing, 
and it is obvious from the almost identical results obtained that the 
two samples, representing the first and the last separations, consist of 
the same substance ; that the compound is not merely f-naphthyl- 
amino-d-methylenecamphor is at once evident from a comparison of 


the specific rotatory powers. In order to derive indications for further 
work on this case, it is desirable to form some provisional conception as 
to why d-oxymethylenecamphor only yields one condensation product 
with the externally compensated ac-tetrahydro-8-naphthylamine, 
whilst with externally compensated a-phenylethylamine it behaves 
normally and gives the two stereoisomeric products described above. 
It has been shown (Pope and Harvey, Trans., 1901, 79, 71) that 
externally compeusated ac-tetrahydro-B-naphthylamine can be resolved 
into its enantiomorphously related components by crystallisation with 
d- or l-bromocamphorsulphonic acid, but that on liberating the base 
from the two salts dBdA and /BIA, which are easily obtained 
pure, optical inversion occurs to such an extent that the liberated 
bases exhibit but slight optical activity. The comparison of this case 
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with the results obtained by Fischer with leucine (Ber., 1900, 33, 
9370) and glutaminic acid (Ber., 1899, 32, 2466), and by Armstrong 
with phenylacetylchloroamine (Trans., 1900, 7'7, 1049), led to the 
optical inversion which attends the action of alkali on the salts of the 
pure optically active tetrahydronaphthylamines being explained by 
the liberation of the base occurring in the following two kinds of ways 
when the pean HX, of the acid are removed from the salts. 


R’ H 
Rr’ CSN, <— E>o: NH, <- poOCNN, +4 —_ wae 


Externally Inactive Salt of op- Optically 
compensated intermediate tically active active 
base. product. base. base, 


If the partial optical inversion which attends the liberation of d- 
or /-tetrahydro-8-naphthylamine from its pure salts be due to the 
removal of the components, HX, of the acid occurring in the two 
kinds of ways above represented, it is to be concluded that ac-tetra- 
hydro-8-naphthylamine is distinguished from most primary bases by a 
tendency of the carbon: atom attached to the amino-group to become 
doubly bound to the nitrogen atom. It hasbeen sufficiently indicated 
above that the isomerism exhibited by the basic derivatives of oxy- 
methylenecamphor necessitates the existence of po arg forms of 


-CH-NHX 
the types: C,H, a , the latter 


of which contains a doubly bound nitrogen atom in the molecule ; these 
formule become, for the tetrahydronaphthylamine derivatives : 


-CH:NH* fae H, 
(0) CFs es 


0-CH:N-CH-CH,-CH, 
COOH CH,——(C,H,’ 
in both of which the original asymmetric carbon atom of the basic 
part is still present. The view already adopted, that the optical 
inversion attending the liberation of the tetrahydronaphthylamines 
from their salts is due to a tendency of the nitrogen atom to become 
doubly linked to the asymmetric carbon atom, leads, however, to the 
suggestion that the double linking between carbon and nitrogen in 
the enolic form (5) of the oxymethylene derivative could tend to 
become produced in the same position a in the base itself ; under 
these conditions, the enolic isomeride of the substance (a) would be, 
not (5), but (c), namely, C Hct see - es a, If the forms 
(2) and (c) are assumed by the dynamic Semillon the substance 
should behave as does ac-tetrahydro-f-naphthylamino-d-methylene- 
camphor, and afford on examination no evidence that the basic part of 
the molecule contains an asymmetric carbon atom. 


and 6) Te 


182 POPE AND READ: 


Since it has been shown above that the addition of an alkaling 
catalyst, namely, sodium ethoxide, greatly accelerates the isomeric 
change of the substances described, and presumably therefore hastens 
the production of the second form from the first, it might be 
anticipated that the introduction of strongly acidic groups into the 


molecule would lead to the suppression, either partly or completely, al 
of one form ; under these conditions, the dynamic isomerism, and con- 
sequently also the property of mutarotation, would not be observed, 
The requisite acidic groups can be conveniently introduced by sub- 
stituting the primary base, aniline, for instance, by its nitro-deriy- b 


atives; we have therefore examined the condensation products of 
d-oxymethylenecamphor with the three nitroanilines, 


o-Nitroanilino-d-methylenecamphor, C,H, = H-C,H,'N 0, 


o-Nitroaniline and d-oxymethylenecamphor interact readily under 
the conditions already described, and the product may be purified by 
recrystallisation from hot alcohol, in which it is sparingly soluble, 
It is ultimately obtained in long, dark red needles melting at 
157—158° : 


0:0987 gave 0:2447 CO, and 0°0616 H,O. C=67:62; H =6:98, 
C,,H,,0,N, requires C= 67°94; H=6-71 per cent. 


0:0840 gram, made up to 20 c.c. with benzene, gave on immediate 
examination ap +2°42° in a 2-dem. tube ; whence [a], +288°1°. No 
change in rotatory power was observed during the week following the 
preparation of the solution. 


p-Vitroanilino-d-nethylenecamphor. 


This substance was prepared in the usual way ; it crystallises from 
hot alcohol in long, orange-yellow needles melting at 154—155° : 


0:1040 gave 0°2582 CO, and 0:0668 H,O. C=67'71; H=7:10. 
C,,H,.0,N, requires C= 67°94; H=6°71 per cent. 


0-:0804 gram, made up to 20 c.c. with benzene, gave on immediate 
examination ap) +2°87° in a 2-dem. tube; whence [a],+356°9°. No 
change in rotatory power was observed during the week following the 
preparation of the solution. 
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m-Nitroanilino-d-methylenecamphor. 


This substance is readily prepared in the customary manner, and on 
recrystallisation from hot alcohol, in which it dissolves readily, is 
obtained in small, yellow crystals melting at 167—168° : 


0:1006 gave 02519 CO, and 0:0624 H,O. C=68:29; H=6:94. 
C,H, 90,N, requires C=67'94; H=6°71 per cent. 
The following determinations of the rotatory power were made in 
benzene solution in 2-dem. tubes : 


Weight in 
20 c.c. (gram). Time. . [a]. 
0-0821 0 +269°2° 
ms 24 hours : 233°9 
ee 7 days : 221°7 


In view of possible interaction between these nitro-derivatives and 
sodium ethoxide, it was not anticipated that useful results would ensue 
immediately from examining the action of the alkaline catalyst on the 
three substances just described. 

The above results show that the o- and p-nitroanilino-d-methylene- 
camphors exhibit no mutarotation ; this is entirely in accordance with 
the anticipation expressed above. The m-nitroaniline derivative, how- 
ever, differs markedly from its isomerides, in that it still exhibits the 
property of mutarotation, although the establishment of equilibrium is 
avery slow process in this case. The difference in behaviour between 
the o- and p-compounds, on the one hand, and the m-derivative, on the 
other, is in accordance with the view that in configuration, o- and 
p-isomerides are in mutual close relationship and entirely lacking 
in similarity with the corresponding m-derivatives (compare Barlow 
and Pope, Trans., 1906, 89, 1697). 

The investigation described in the present paper confirms the view, 
which has already been acted upon with success by Armstrong and 
his pupils, that more direct information concerning dynamic isomerism 
may, in appropriately selected cases, be derived by the study of 
optical activity than of chemical behaviour. 

The further examination of the class of substances dealt with above 
is in progress. 

THE CHEMICAL LABORATORIES, 
UNIVERSITY OF CAMBRIDGE. 
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XXV.—The Triazo-group. Part VII. Interaction of 
Benzhydroximic Chloride and Sodium Azde. 


By Martin Onstow Forster. 


BEARING in mind the tendency displayed by the nitrogen atoms of the 
triazo-complex to undergo rearrangement, it seemed possible that 
benzhydroximic azide might be transformed into the isomeric tetrazole 
derivative by the influence of light or of some catalytic agent : 
C,H,-C—N C,H,-C =N 
HON wPX > Bown’ 
Benzhydroximic Azide 1-Hydroxy-5-phenyltetrazole 

On attempting to prepare the first-named compound by the interaction 
of benzhydroximic chloride and sodium azide, however, the product 
was found to have properties indicating the tetrazole derivative rather 
than the substituted azoimide, and it must be concluded that the 
ethenoid linking of the benzhydroximic nucleus is endowed with 
sufficient residual affinity to effect the redistribution represented above 
independently of external chemical agency. 

The problem of deciding the claims of the above formule to represent 
the product of interaction between benzhydroximic chloride and 
sodium azide is not difficult, although the behaviour of the substance 
towards sulphuric acid, stannous chloride, or sodium hydroxide might 
be construed in favour of either representation. The action of con- 
centrated sulphuric acid leads to mild detonation and charring, whilst 
the diluted agent liberates one-half the nitrogen, a result which might 
be expected from benzhydroximic azide ; the same proportion of gas is 
evolved when the substance is treated with stannous chloride in 
hydrochloric acid, whilst hot alkali hydroxide yields a quantity some- 
what in excess of one-half the total nitrogen, a result most likely due 
to the production of nitrous oxide. Such behaviour, accompanied as 
it is by the formation of benzonitrile, clearly supports the tetrazole 
structure, 


| —> 20,H,ON +2N,+N,0+H,0, 
C,H,°C—N” 


although it might be urged, on the other hand, that the decomposition 
was preceded by transformation of the azoimide into the tetrazole. 
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The most convincing exclusion of the triazo-group, however, is 
furnished by comparison of the material with benzhydroximic chloride 
itself (Werner and Buss, Ber., 1894, 27, 2193). A solution of the 
latter substance in alcohol becomes turbid immediately when treated 
with silver nitrate, the turbidity rapidly intensifying to a precipitate 
of silver chloride when the liquid is warmed ; benzhydroximic azide 
would be expected to yield silver azide in similar circumstances, and 
the non-formation of this compound seems crucial. Moreover, when 
alkali hydroxide acts on benzhydroximi¢ chloride, two courses, both 
distinct from the one already indicated in connexion with the 
substance under discussion, are followed, each one depending on 
elimination of hydrogen chloride, which is accompanied either by 
benzildioxime peroxide, or by benzhydroxamic acid : 


20,H, CCl _ 01,°¢ me C,H, 
Von + 2KOH = H o-0-4 + 2KCl+2H,0. 


C,H,°CCl C,H,-C:-OH 
IL. N- OH + KOH = Ny. OH + KCl. 


The absence of alkali azide from the products of decomposing the 
supposed hydroxyphenyltetrazole with potassium hydroxide is, there- 
fore, highly significant. Furthermore, in presence of dilute alkali, it 
is possible to obtain well-defined benzoyl, p-toluenesulphonyl, and 
B-naphthalenesulphonyl derivatives, which could not be expected from 
benzhydroximic azide. 

The transformation of benzhydroximic chloride into hydroxyphenyl- 
tetrazole recalls the experiments of Thiele (Annalen, 1892, 2'70, 1) 
with “diazoguanidine.” ‘This compound, obtained as a nitrate on 
adding sodium nitrite to a solution of aminoguanidine nitrate in nitric 
acid, was recognised subsequently by Hantzsch and Vagt (Annalen, 
1901, 314, 339) as carbaminoiminoazoimide, 

-C-NH-N:N- 
tans ty >N,HNO,, not NH, ggg N:N NO, 

Thiele found whi although alkali hydroxides resolve carbamino- 
iminoazoimide into cyanamide and hydrazoic acid, alkali carbonates 
effect a simple rearrangement of the atoms into aminotetrazole, a 
transformation realised also by dilute acids, although accompanied in 
this case by elimination of hydrazoic acid : 


1 


Fs 


NH,*¢ 
NH N 


Comparing the relative position of the triazo-group and azethenoid 
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linking with the situation of the amino-radicle in carbaminoimino. 
azoimide on the one hand, and with that of the phenyl complex in 
benzhydroximic azide on the other, it will be recognised that exact 
analogy prevails, whence the production of hydroxyphenyltetrazole is 
readily understood, 

A somewhat similar, although not strictly analogous, instance of 
tetrazole formation was brought to light quite recently by Dimroth 
and Merzbacher (Ber., 1907, 40, 2402), who found that under the 
influence of sodium ethoxide, 1 : 3-diphenyltetrazole arises from phenyl. 
azoimide and benzylidenephenylhydrazone, with removal of aniline: 


C,H 


{ON 
NOH +(0,H,-NH,, 
N:N 


In this case, however, the triazo-group loses one atom of nitrogen, 
whereas the tetrazole-formation occurring when benzhydroximic 
chloride acts on sodium azide is the outcome of affinity rearrangement 
unaccompanied by loss of material. 


EXPERIMENTAL. 


C,H,°C:N. 
HO-N-N? 

Benzhydroximic chloride was prepared according to the directions of 
Werner ‘and Buss (Ber.,‘1894, 2'7, 2197), and melted at 52° after 
being twice recrystallised from light petroleum. Either the substance 
itself, or some impurity retained tenaciously by it, has an intensely 
disagreeable effect on the skin, which becomes attacked by an 
irritating rash ; this outbreak not only persists during several days, 
but is liable to affect parts of the body not brought into direct contact 
with the material. 

In order to convert the chloro-compound into the tetrazole, a 
10 per cent. ethereal solution containing slight excess of the calculated 
amount of powdered sodium azide in suspension was allowed to remain 
at the laboratory temperature during two or three days, a few grams 
of dehydrated sodium sulphate having been previously added for the 
purpose of checking, by exclusion of moisture, any tendency towards 
elimination of hydrogen chloride and consequent liberation of hydrazoic 
acid. The filtered solution having been quickly evaporated by 4 
current of dry air, the colourless residue was recrystallised without 
delay from hot petroleum (b. p. 60—80°), of which about 200 c.c. are 
required by one gram ; as the product is liable to undergo decomposi- 


1-Hydroxy-5-phenyltetrazole, 
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tin if left in the mother-liquor longer than one hour, it was 
precipitated by cooling, when the lustrous, transparent, snow-white 
needles were found to melt at about 124°, with vigorous intumes- 
cence : 


00837 gave 25:2 cc. N, at 18° and 764mm. N= 34°96. 
C,H,ON, requires N = 34:57 per cent. 


Although more than 50 grams of the substance have been obtained 
in this manner, it is not advisable to transform a greater quantity 
than 5 or 10 grams of the benzhydroximic chloride at one operation, 
because the tetrazole is a short-lived compound, and even when 
purified undergoes spontaneous decomposition within three days, 
leaving a residue of benzonitrile, and liberating gas which contains a 
certain proportion of nitric oxide ; this alteration takes place irrespec- 
tive of environment, specimens behaving in the same way whether 
exposed to, or protected from, light, either in air, an acid-desiccator, 
an alkali-desiccator, or in one containing both acid and alkali. 

Hydroxyphenyltetrazole is freely soluble in cold acetone, ethy] acetate, 
or ethyl alcohol, crystallising from the last-named in lustrous, trans- 
parent prisms on dilution with water ; it is readily soluble in hot chloro- 
form, from which it crystallises in needles on immediate cooling, but if 
the mother-liquor remains warm during a few minutes succeeding 
filtration, it becomes pale brown, and deposits benzonitrile alone on 
evaporation. The alcoholic solution does not precipitate sodium azide 
when treated with silver nitrate even on boiling, but it reduces an 
ammoniacal solution of silver oxide. Unlike benzhydroxamic acid, the 
tetrazole does not develop colour with ferric chloride. 

Spontaneous Decomposition.—Seventeen grams of hydroxypheny]l- 
tetrazole which had not been recrystallised were allowed to undergo 
spontaneous decomposition, taking the form of vigorous intumescence 
accompanied by liquefaction; the escaping gas appeared to be nitrogen 
mixed with nitric oxide, and in view of the behaviour of the substance 
towards alkali it is probable that nitrous oxide also was present. 
Hydrazoic acid, hydrazine, hydroxylamine, and ammonia were not 
produced. The pale yellow liquid residue weighed 11 grams, consist- 
ing of benzonitrile and water; the nitrile boiled steadily at 188° under 
760 mm. pressure, and as the result of a test with phenylhydrazine 
was evidently free from benzaldehyde. Hydroxyphenyltetrazole does 
not explode when heated, but the rush of gas at the melting point is 
very violent. 

Action of Alkalis.—Hydroxyphenyltetrazole is insoluble in ammonia 
and in sodium carbonate, but alkali hydroxides dissolve it readily, and 
when the solution is gently warmed, vigorous effervescence takes 
place, followed by separation of benzonitrile. On decomposing one 
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gram of the substance and removing the nitrile with ether, the 
alkaline liquid was indifferent towards Fehling’s solution even when 
boiled, and did not give evidence of the presence of alkali nitrite oy 
azide. The presence of nitrous oxide in the escaping gas was 
suspected, however, because quantitative examination gave on each 
occasion a result in excess of that which would be expected jf 
one-half the nitrogen content appeared in elemental form : 


0°1934 gave 34°7 c.c. N, at 18° and 761 mm. N=20°75. 
C,H,ON, requires N = 17-26 per cent. 

The experiments, of which the foregoing is an example, were 
conducted with 50 per cent. potassium hydroxide, but with a concen. 
tration of 10 per cent. it is easy to recognise the formation of a 
crystalline potassium derivative, which undergoes decomposition with 
rise of temperature. 

Decomposition with Stannous Chloride.—The behaviour of the 
tetrazole derivative towards stannous chloride in hydrochloric acid is 
that which would have been anticipated from benzhydroximic azide: 


0°2017 gave 29:1 c.c. N, at 17° and 761 mm. N=16°76. 
C,H,ON, requires 4N = 17-26 per cent. 

The liberation of gas is regular, and benzonitrile does not appear. 

Action of Sulphuric Acid.—The tetrazole does not dissolve in 
cold, dilute sulphuric acid, but, when added to the concentrated agent, 
is immediately decomposed, evolving gas with mild detonation and 
charring, unless the substance is introduced, a few crystals at a time, 
into the vigorously shaken acid ; nitric oxide and hydrazoic acid could 
not be detected, and the only recognised product besides nitrogen was 
benzoic acid, which separated in crystals on diluting the liquid. 
Owing to the violence of the action it was necessary to dilute the acid 
with half its volume of water for the purpose of gasometric experi- 
ments, and with this concentration the removal of nitrogen was not 
completed even on raising the temperature : 


0-:2070 gave 29°7 c.c. N, at 18° and 760 mm. N=16°57. 
C,H,ON, requires 4N = 17°26 per cent. 
The liquid, when rendered alkaline, did not reduce Febling’s 
solution. 


Derivatives of Hydroxyphenyltetrazole. 


The benzoyl derivative, C,H, P nts x. ee, was obtained from 
benzoyl chloride and an alkaline solution of the potassium derivative ; 
it is moderately soluble in boiling alcohol, from which it crystallises 
in lustrous, snow-white needles : 
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0:1500 gave 27°4 c.c. N, at 16° and 763 mm. N=21°38. 
C,,H,,O.N, requires N = 21°05 per cent. 

The substance dissolves very sparingly in boiling petroleum, from 
which it separates in stellate aggregates; the melting point is 127°, 
when decomposition takes place. 

The p-toluenesulphonyl derivative, 

C,H; *C: N 
CH,°C,H, $0, 0. N: ‘N aN, 
prepared by shaking 1 gram of the tetrazole dissolved in 5 per cent. 
potassium hydroxide with 3 grams of p-toluenesulphonyl chloride in 
10 c.c. of ether, until the aqueous liquid no longer yielded benzonitrile 
and nitrogen when boiled, crystallised from light petroleum in 
transparent, rhomboidal prisms : 
01108 gave 16°8 cc. N, at 14° and 767 mm. N=18-01. 
C,,H,,0,N,8 requires N = 17-72 per cent. 

The substance melts and evolves gas at 91—92°, and is scarcely 
soluble in cold petroleum. The first attempt to prepare it was made in 
presence of sodium carbonate instead of potassium hydroxide, and the 
only product was benzonitrile. 

In the case of the B- ae derivative, 

O,H;. 
C,,H,°SO, 0. WN x2’ 
also, interaction between the sulphonyl chloride and the tetrazole was 
too sluggish in presence of sodium carbonate, and benzonitrile was 
formed ; in presence of alkali hydroxide, however, union was complete 
in a few minutes, and the product was obtained on evaporating the 
ether : 
01507 gave 21°3 c.c. N, at 21° and 768 mm. N=16°27. 
C,,H,,0,N,S requires N = 15°91 per cent. 

The substance dissolves readily in hot, absolute alcohol, crystal- 

lising in lustrous needles, which melt and decompose at 101°. 


Unsuccessful Attempt to Prepare an Allotropic Form of Nitrogen. 


Previous workers have been attracted by the possibility of 
liberating nitrogen from hydrazoic acid or its salts in such 
circumstances as to avoid the disintegration of the triazo-complex 
and to produce the element in the form of triazo-azoimide, 


{>a 


in which the univalent triazo-group is combined with itself. Szarvasy 
(Trans., 1900, '7'7, 603), for example, electrolysed .hydrazoic acid and 
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sodium azide in aqueous solutions of different concentration, obtaip. 
ing hydrogen, nitrogen, and traces of ammonia ; oxidation products 
of nitrogen did not arise, and although a slight deficiency of nitrogen 
seemed to indicate some condensation to a polymeric form, determin. 
ation of density failed to confirm the suggestion. Oxidation of 
hydrazoic acid by means of potassium permanganate also results 
in disrupting the triazo-group, but the process has been shown untrust. 
worthy for the gasometric estimation of azoimide (Dennis and Browne, 
J. Amer. Chem. Soc., 1904, 26, 577). 

It seemed possible, however, that the analogy subsisting between 
the triazo-complex and the halogens, particularly iodine, might be 
carried so far as to permit realisation of the following change : 
C,H,*NCl-CO-CH, + 2NaN, + H,O= 

C,;H,;NH°CO-CH, + N, + NaCl + NaOH, 


Accordingly, the action of phenyl acetyl nitrogen chloride on sodium 
azide was studied under various conditions, with the uniform result 
that although, in presence of water, liberation of gas occurred, the 
volume indicated the production of 3N, unmixed with N, ; a solution 
of the nitrogen halide in dry ether was without action on sodium 
azide, the substances being recovered unchanged after an interval of 
five weeks. Perhaps, however, it is well that the attempt to prepare 
N, was not successful, because there is every probability that this 
form of the element would be highly dangerous ; it may even be the 
case that the alarming explosion which occurred after distilling un- 
symmetrical bistriazoethane (Trans., 1908, 93, 1073) originated in 
liberation of N,, production of the element in this modification being 
favoured by the attachment of both triazo-groups to a single atom 
of carbon. Although the original object of the experiment was not 
fulfilled, it is possible that the change recorded may form the basis 
of a method for the quantitative estimation of sodium azide. If 
interaction takes place in aqueous acetone, the liberation of gas is 
much more rapid than when the solid phenyl acetyl nitrogen chloride 
is suspended in aqueous sodium azide, and in less than one hour falls 
short of the theoretical amount by only 4 or 5 per cent., but the 
reaction does not appear to be complete even when some excess of 
the halogen compound is used, since the residual liquid was found to 
contain sodium azide. Attempts will be made to devise a process by 
which a weighed quantity of the salt may be led to yield all its 
nitrogen in elemental form. 

Since the completion of the experiments described in this paper, 
there has appeared a description of the remarkable chloride of az0- 
imide, Cl-N, (Raschig, Ber., 1908, 41, 4194), and the method by 
which this compound was obtained, considered in regard to the action 
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between aqueous sodium azide and phenyl acetyl nitrogen chloride, has 
a bearing on the mechanism of the change which takes place when the 
last-named substance liberates iodine from hydrogen iodide. It has 
been supposed that, when the substituted nitrogen chloride undergoes 
hydrolysis leading to replacement of chlorine by hydrogen, the 
halogen escapes in the form of hypochlorous acid (compare Chattaway 
and Wadmore, Trans., 1902, 81, 199), but in that case the action of 
pheny! acety! nitrogen chloride on aqueous sodium azide should have 
led to the production of Raschig’s chloroazoimide, since that compound 
arises on acidifying a mixture of sodium hypochlorite and azide with 
boric or acetic acid. As the nitrogen was, in one set of experiments, 
collected over potassium hydroxide, in which Raschig has shown the 
chloroazoimide to be soluble and to regenerate hypochlorite and azide, 
it would seem that, in this case, at any rate, the action of phenyl 
acetyl nitrogen chloride in water is distinct from that of hypochlorous 


acid. 
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XXVI.—The Triazo-group. Part VIII. Azoimides of 
the Monobasic Aliphatic Acids. 


By Martin Onstow Forster and Rosert MOLLER. 


Tue stability of the triazo-group towards alkali was found to depend, 
in the case of the azoimides derived from propionic ester, so completely 
on the position of the substituent that an investigation of the corre- 
sponding derivatives of butyric, isobutyric, and isovaleric acids 
appeared desirable. Reviewing the series 


N,CO,*O,H, .CH,CH,-CHN,-CO,-C,H, 
N,°CH,°CO,°C,H, On ON: -C0,°U,H, 

N,°CH,*CH,°CO,°C,H, 
CH,-CHN,:CO,-C,H, OH? >CH-CHN,-00,"C,H,, 


it is possible to state precisely the circumstances which determine the 
behaviour of the triazo-group towards alkalis. Of the substances 
indicated, triazoformic and B-triazopropionic esters lose hydrazoic acid 
when treated with potassium hydroxide or ammonia, and do not yield 
free nitrogen. In contrast with these are the esters of triazoacetic, 
a-triazopropionic, a-triazobutyric, and a-triazoisovaleric acids, which 
yield the triazo-amides with ammonia, and are hydrolysed to the 
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corresponding triazo-acids by alkali hydroxides ; on boiling the alkali 
salts with excess of the hydroxide, however, nitrogen is eliminated in 
company with ammonia, whilst hydrazoic acid has never been recog. 
nised among the products. a-Triazoisobutyric acid alone in the above 
series appears capable of resisting the attack of alkali in excess, and 
this is especially noteworthy when it is remembered how readily 
halogen hydride is removed from the corresponding chloro- and 
bromo-compounds ; there is presented, in fact, a parallel with the 
resistance of the triazo-group in benzyl azide, which is distinguished 
from benzy] chloride by indifference towards boiling water or alcoholic 
potash, a point which gains interest from the general analogy existing 
in other respects batween the triazo-group and the halogens. This 
immunity from attack is significant also from another standpoint. 
The ester in question is the only one in which the azoimide-bearing 
carbon atom of the N,-C-CO complex is not hydrogenised, and the 
suggestion made in an earlier paper to explain the two-thirds nitrogen 
elimination from a-triazo-ketones (Trans., 1908, 93, 74) required the 
presence of at least one atom of hydrogen : 

-C:NH:N ~C:NH 

“Kok > -ko 
Hence the behaviour of the aliphatic triazo-acids may be regarded 
as supporting the foregoing explanation. 

The escape from attack by alkalis in the isobutyric term is even 
more striking in the case of the amide. While examining the 
derivatives of triazoacetic and a-triazopropionic acids, it was found that 
the loss of two-thirds nitrogen is much more rapid from the amides 
than from the alkali salts ; in other words, of the types 

*CH-—N -CH—N -CH——N 

“iho N7™%, pyed:io NO% © yoda NA™ 
the first is least favourable to the change in question ; it is the more 
interesting to find, therefore, that a-triazoisobutyramide is merely 
hydrolysed by boiling alkali, giving ammonia and alkali triazoiso- 
butyrate, whilst a-triazobutyramide itself yields torrents of gas when 
warmed with concentrated potassium hydroxide. 

By using the Gaede pump, it has become possible to distil the triazo- 
acids without risk of explosion, and the appended table summarising 
the physical properties of these compounds with those of their esters 
and amides will show them to be well-defined materials, comparable 
with the unsubstituted acids and their halogen derivatives. Examina- 
tion of this summary reveals the more conspicuous features of such an 
homologous series, namely, consecutive diminution of density, and 
a boiling point for the isobutyric term lower than that of the normal 
isomeride. 
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Azoimides of the Monobasic Aliphatic Acids. 
Acid. Ethy] ester. 


r ~ oa 
B. p. Dsy.  M. p. B. p. Do. Mz. p. 

Triazoacetic 92°/3 mm. 1°3542 16° 45°/3 mm. 1°127 58° 
a-Triazopropionic 97°5 /3 mm. 1:2502 0 46/3 mm. 1°062 79 
a-Triazobutyric... 81/0°17 mm. 1°1519 23°5 63—64 /6°5 mm. 1°038 38—39° 
a-Triazoisobutyric 75/015 mm. 1°1433 31 52—53/6°5 mm. 1°0344 93—94 
a-Triazoisovaleric 82/0°llmm. 1°0638 -10 68/8 mm. 1°0295 79°5° 

As regards the explosibility of the triazo-acids, it was to be expected 
that this would diminish as the series is ascended, the increasing 
relative importance of the hydrocarbon molecule exerting a damp- 
ing effect on the disruption force of the triazo-group. It is the more 
surprising to find, therefore, that, although this relation holds for the 
acids and esters when heated alone, the decomposition of the latter 
class by concentrated sulphuric acid exhibits increasing violence with 
increase of molecular weight, becoming almost explosive in the case of 
ethyl triazovsobutyrate and ethyl triazoisovalerate; on the other hand, 
the liberation of nitrogen by an acid solution of stannous chloride 
proceeds in the opposite sense, being vigorous with ethyl triazoacetate 
and very slow with ethyl triazozsovalerate. 


EXPERIMENTAL, 
a-Triazobutyric Acid, CH,-CH,*CHN,°CO,H. 


One hundred grams of ethyl a-triazobutyrate were shaken with a 
20 per cent. solution of potassium hydroxide containing 36 grams, rise 
of temperature in the earlier stages of hydrolysis being carefully 
checked ; evolution of nitrogen did not occur, and the clear solution 
produced after some hours’ agitation was extracted twice with ether in 
order to remove as much alcohol as possible and thereby avoid regen- 
eration of the ester on distilling the acid. The cold solution of 
potassium triazobutyrate was then decomposed with the calculated 
amount of 10 per cent. sulphuric acid, saturated with ammonium 
sulphate, and the product extracted six times with ether, dried with 
sodium sulphate, and distilled under 0°17 mm. pressure, boiling steadily 
at 81°; 

0°1806 gave 52°1 c.c. N, at 16° and 737 mm. N=32°60. 

C,H,O,N, requires N = 32°55 per cent. 

a-T'riazobutyric acid crystallises in long, lustrous, snow-white 
needles melting at 23-5°, and has sp. gr. 1°1519 at 33° compared with 
water at the same temperature ; the liquid rapidly attacks the skin, 
and has a faint odour which is not disagreeable. It detonates mildly 
when thrown on a hot plate. 

VOL. XCV. oO 
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The silver salt, precipitated on adding silver nitrate to a solution of 
ammonium triazobutyrate with one drop of dilute nitric acid, was 
recrystallised from boiling water, in which it is moderately soluble: 

0°1203 gave 00735 AgCl. Ag=45-99. 

C,H,O,N,Ag requires Ag = 45°90 per cent. 

The substance forms lustrous, transparent, oblong plates, and 
becomes violet if exposed to light ; when thrown on a hot plate there 
is not any explosion, and the salt merely deflagrates feebly. 

Ethyl o-Triazobutyrate, CH,*CH,-CHN,°CO,°C,H,;.—One hundred 
grams of ethyl a-bromobutyrate, 50 grams of alcohol, and 50 grams 
of sodium azide were heated on the steam-bath under reflux with 
enough water to dissolve the salt. After twenty-eight hours, the 
liquid, originally colourless, had become pale yellow although protected 
from light, but the product of steam distillation was colourless, 
weighed 69 grams, and boiled at 63—64° under 65 mm. pressure: 

0°1706 gave 26°4 cc. N, at 20°7° and 751 mm., along with 

00185 of ammonia. N=17'73 as gas, 8:93 as NH, ; total 26-66, 
C,H,,0,.N, requires N = 26°75 per cent. 

Ethyl a-triazobutyrate is a colourless oil with a very faint, agreeable 

perfume, but on inhaling the vapour, especially with steam, it produces 
a throbbing sensation in the head with palpitation of the heart; 
it has sp. gr. 10380 compared with water at 20°. Although the ester 
may be hydrolysed by careful treatment with potassium hydroxide, 
excess of alkali attacks the triazo-group, evolution of nitrogen and 
ammonia being extremely vigorous if the substance is heated with 
concentrated potassium hydroxide : 
i a-Triazobutyramide, CH,*CH,*CHN,:CO*NH,.— When agitated with 
strong aqueous ammonia the ester dissolved gradually without losing 
nitrogen, and on concentrating the solution under 20 mm. pressure 
there separated a pale red oil which solidified after some hours ; the 
dried product was then recrystallised from warm benzene and 
petroleum : 


0°1455 gave 56°0 c.c. N, at 20° and 761 mm: N= 44-09. 
C,H,ON, requires N = 43°75 per cent. 

The amide is freely soluble in alcohol and in water, but dissolves 
more sparingly in benzene and petroleum, from a mixture of which it 
crystallises in lustrous, white needles melting at 38—39°; this being 
a lower temperature than was expected, the preparation of the sub- 
stance was repeated, with, however, the same result. When covered 
with concentrated potassium hydroxide, the amide becomes oily and 
evolves gas, effervescence being very brisk on gently warming the 
liquid. 
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Resolution of a-Triazobutyric Acid. 


By following the procedure adopted in the case of a-triazopropionic 
acid, we hoped to arrive easily at the /-a-triazobutyric acid, and by 
reducing this, to ascertain whether the resulting amino-acid is 
dextrorotatory, like the alanine from triazopropionic acid. The resolu- 
tion of the triazobutyric acid, however, does not proceed so sharply as 
in the case of the lower homologue, and although it has been accom- 
plished, the amount of active material at our disposal has only just 
sufficed to characterise the levorotatory acid, ester, and amide. 

Eighty-two grams of a-triazobutyric acid were added to a paste 
consisting of 246 grams of brucine with 330 c.c. of water, 200 grams 
of brucine salt being filtered after twenty-four hours ; a 4 per cent, 
solution of this product in water gave [a],-—36°4°. By successive 
recrystallisation there was obtained ultimately a fraction having 
[a], - 42:26°, which was not exceeded by carrying the process another 
stage, but it weighed only 37 grams; the salt crystallised in long, 
colourless needles melting at 131°, and decomposed a few degrees 
above this temperature : 

0:3330 gave 34:4 c.c. N, at 17° and 756 mm. N=11°93. 

C,,H,,0,N.,C,H,0,N, requires N = 13°38 per cent. 

From this analysis it appears that the substance contains water 
of crystallisation, a salt with 4H,O requiring 11°76 per cent. of 
nitrogen, 

l-a-Triazobutyric acid was prepared by decomposing the brucine salt 
with ammonia, filtering the alkaloid, extracting the solution of 
ammonium triazobutyrate twice with chloroform, and then decompos- 
ing with 20 per cent. sulphuric acid ; on adding ammonium sulphate, 
the active acid was removed after shaking the liquid six times with 
ether, and remained as * pale yellow oil on evaporating the solvent 
under reduced pressure without heating. The acid gave ap -— 60°20’ 
ina l-dem. tube, and an ethereal solution containing 2°8590 grams, 
made up to 20 cc. gave ap—18°6’ in a 2-dem. tube, whence 
[a] — 63°39, 

Ethyl |-a-triazobutyrate, obtained on adding slight excess of dry 
silver oxide to an ethereal solution of the active acid mixed with 
ethyl iodide, and leaving the substances in association during four 
days ; the liquid was then dried with sodium sulphate, filtered, and 
evaporated, when the residue distilled to the last drop at 63° under 
6 mm. pressure, practically the same temperature, therefore, as the 
boiling point of the inactive ester. A solution containing 3°1682 
grams, made up to 20 c.c, with ether at 21°, gave a)—15°25’ in a 


2-dem, tube, whence [a]p — 48°1°. 
oO 2 
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l-a-7'riazobutyramide arose from the ester by the action of concen- 
trated aqueous ammonia, 15 c.c. of which formed a clear solution with 
3 grams of the active oil after six hours’ agitation; on removing 
ammonia in a vacuum desiccator, the amide crystallised in long, 
lustrous needles, moderately soluble in water, freely soluble in acetone 
and in benzene, but practically insoluble in petroleum. The 
substance was accordingly recrystallised from the benzene solution by 
adding petroleum, when silky, snow-white needles separated, melting 
at 59°. A solution containing 0°2787 gram, made up to 20 c.c. with 
water, gave a, 0°51’ in a 2-dem. tube, whence [a], 26°9° ; 0°2299 gram, 
made up to 20 c.c. with acetone, gave a, 1°5’ in the same tube, whence 
[a]p 47°1°. 

It was of interest to prepare this compound, because it has been 
shown that /-triazopropionamide (Trans., 1908, 93, 1863) has a higher 
melting point than the racemic substance, and, moreover, has, in water 
and in acetone, rotatory power opposite in sign to that of the acid 
and the ester from which it is derived. It will be observed that the 
same relationship associates /-a-triazobutyramide with the racemic 
amide and with /-a-triazobutyric acid respectively ; the active amide 
melts 20° higher than the racemic one, and is dextrorotatory in 
solution. Moreover, it is noteworthy that the summed specific 
rotatory power of /-a-triazopropionic ester (in ether) and its amide (in 
water), namely, 67°6°, is not widely different from 75°, the corre 
sponding figure in the butyric series ; furthermore, in both terms the 
rotatory power of the amide in acetone is roughly double that observed 
in water. 


a-Triazoisobutyric Acid, OH CN s CO.H. 


Proceeding from ethyl a-triazoisobutyrate as in the case of the 
isomeric ester, a quantitative yield of a-triazoisobutyric acid was 
obtained in the form of a colourless oil, which boiled at 75° under 
0°15 mm. pressure : 


0°1994 gave 58°7 c.c. N, at 21° and 750 mm. N=33-06. 
C,H,O,N, requires N = 32°55 per cent. 


The acid crystallises in centimetre-long, lustrous needles, melting at 
31°, and has sp. gr. 1:1433 at 33° compared with water at that 
temperature ; the liquid slowly produces irritating blisters on the 
skin. Resembling the isomeric substance, it is volatile in steam, and 
has an odour recalling the fatty acids ; this, however, although slightly 
more pronounced than that of the normal isomeride, is not nearly 8 
disagreeable as the odour of isobutyric acid itself. The acid detonates 
mildly, and takes fire when thrown on a hot plate. 
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The silver salt is not readily soluble in hot water, from which it 
arystallises in colourless needles : 
0:1080 gave 0:0652 AgCl. Ag= 45-44. 
C,H,O,N,Ag requires Ag = 45°76 per cent. 
Detonation on a hot plate is very mild. 
Fihyl a-Triazoisobutyrate, CH ON, C0,"C,H, —The ester was pre- 


jared in precisely the same way as the normal ethereal salt, 40 grams 
of crude material being obtained from 50 grams of ethyl a-bromozso- 
butyrate and 25 grams of sodium azide; under 6°5 mm. pressure it 
oiled steadily and completely at 52—53°: 

03043 gave 46°8 c.c. N, at 21° and 754 mm., along with 0°03247 

ofammonia. N=17°63 as gas, 8°79 as NH, ; total, 26°47. 
C,H,,0,N, requires N = 26-75 per cent. 

The ester is a colourless, limpid oil, having sp. gr. 1:0344 com- 
pared with water at 20°; the odour is much more pronounced than 
that of the normal isomeride, suggesting peppermint, and the physio- 
gical effect of the vapour is also more intense. ‘'wenty per cent. 
potassium hydroxide hydrolyses the ester very slowly, and the clear 
wlution of potassium a-triazoisobutyrate may be boiled vigorously and 
waporated to dryness without losing nitrogen and ammonia ; more- 
wer, the residue left on evaporation does not contain a trace of alkali 
wide, The acid is thus distinguished from all the other members of 
this series. 

a-Triazoisobutyramide, HON 3°CO-NH,.—When the ester is 


agitated during several hours with strong aqueous ammonia, the 
amide separates in large, rectangular plates, often exceeding a centi- 
netre in length : 

00941 gave 36:2 c.c. N, at 21° and 768 mm. N= 44-26. 

C,H,ON, requires N = 43-75 per cent. 

The substance is much less soluble in water than is the normal 
nodification ; it melts at 93 —94’, and dissolves freely in alcohol and 
inwarm benzene. Concentrated aqueous potassium hydroxide preci- 
pitates the amide from its aqueous solution in lustrous crystals, which 
dissolve on boiling without liberation of nitrogen ; moreover, if the 
liquid is heated until all ammonia has been removed, dilute sulphuric 
“ liberates a-triazoisobutyric acid, unaccompanied by hydrazoic 
acid, 


198 FORSTER AND MULLER: THE TRIAZO-GROUP. PART Yiql, 


a-Triaacisovalerie Acid, (41°>CH*CHN,'CO,H. 
/ 3 * 


The ethyl ester was hydrolysed with the calculated amount of 
potassium hydroxide, and the liberated acid distilled under 0°11 my, 
pressure, when it boiled at 82°: 


0°2407 gave 60°3 c.c. N, at 15° and 750 mm. N=28°95. 
C,H,O,N, requires N = 29°37 per cent. 

The colourless oil has a very faint odour, which is disagreeable jin 
steam ; the sp. gr. is 1:0638 compared with water at 33°. Ina freezing 
mixture of ice and salt, the acid did not solidify on agitation, and was 
therefore redistilled ; nevertheless, it behaved in the same way, ani 
even when immersed in solid carbon dioxide and ether the glassy 
material did not exhibit crystalline structure, appearing to become 
fluid again at about - 10°. The acid.takes fire on a hot plate, and 
burns without detonation. 

The silver salt is very sparingly soluble in boiling water, crystal. 
lising in white needles : 


0°2070 gave 0°1185 AgCl. Ag=43°09. 
C,H,O,.N,Ag requires Ag = 43°20 per cent. 
The substance does not explode when thrown on a hot plate, but 
merely takes fire. 


Ethyl a-Triazoisovalerate, OH! >CH-CHN, 00,"C,H,.—The conver. 


sion of ethyl a-bromoisevalerate into the triazo-compound required a 
much longer period of interaction than was the case with the lower 
members of the series. On treating 50 grams of the halogen deriv- 
ative with sodium azide (25 grams) in the manner already described, 
the product separated after thirty hours was found to contain a con- 
siderable proportion of bromine, and was therefore subjected to the 
further action of sodium azide (15 grams) during forty hours, after 
which period halogen could not be detected in the crude triazoise 
valeric ester. When distilled under 8 mm. pressure, the ethereal salt 
boiled steadily at 68—68°5° : 


0°1330 gave 29:0 c.c. N, at 20° and 754mm. N=24°74. 
C,H,,0,N, requires N = 24°56 per cent. 

The ester has sp. gr. 1:0295 compared with water at 20° The 
odour is pronounced and agreeable, suggesting peppermint, whilst the 
characteristic effect on the blood pressure is developed in steam. 
Towards concentrated aqueous potassium hydroxide the substance 
behaves like ethyl a-triazobutyrate, being rapidly decomposed o 
heating, with liberation of nitrogen and ammonia ; the residue left on 
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evaporation did not contain alkali azide, and the triazoisovaleric acid 
was found to have been completely destroyed. 


-Triazvisovaleramide, CH >CH-CHN,-CO-NH,, — Ethyl a-tri- 


qgoisovalerate is transformed very slowly into the amide when 
agitated with ammonia, from which the product separates in long, 
white needles : 
0:1000 gave 34°8 c.c. N, at 22° and 767 mm. N=39°81. 
C,H,,ON, requires N = 39°44 per cent. 
The substance is freely soluble in alcohol and in warm benzene 
from which it erystallises in long needles melting at 78—79°. 


Action of Concentrated Sulphuric Acid on the Triazo-esters. 


In the original description of triazoacetic ester (Trans., 1908, 93, 79) 
it was stated that the amount of gas evolved when the substance is 
mixed with concentrated sulphuric acid does not agree with that 
required by the formula if two-thirds the nitrogen were eliminated, 
and in dealing with a-triazopropionic ester it was mentioned (page 673) 
that Mr. Richmond, in elaborating a process for estimating nitrogen 
in this series, had noted the beneficial effect of alcohol and formalde- 
hyde on the reaction. We have since found that even without these 
adjuncts it is possible, under suitable conditions, to liberate the two- 
thirds nitrogen from triazoacetic and triazopropionic esters, and are 
led to think that the early failures were due to loss of ester by 
volatilisation consequent on heating the mixture too strongly with 
sulphuric acid. The results obtained with the homologous esters are 
tabulated below. 

Percent- 
Wt. C.c. Pres- age Percentage Character of 


Ester. taken. Ny Temp. sure. found. calculated. decomposition. 


Triazoacetic ... 0°5533 104°8 767 =—-:21°33 21°70 Very sluggish 
Triazopropionic 0°4142 69°5 765 19°32 19°58 More rapid. 
Triazobutyric ... 0°5327 83°7 : 760 17°71 17°83 Very rapid. 


Triazoisobutyric 0°2548 38°6 17°52 17°83 Almost explo- 
sive. 


Triazoisovaleric 6°1613 23°0 754 16°10 16°37 Almost explo- 
sive. 

In dealing with the two last members of the series, the acid was 
admitted in small quantities at a time; if mixed heedlessly, much 
ester is lost by evaporation, fand sulphur dioxide is produced, the 
stopper being sometimes blown from the vessel. In the case of the first- 
named substance, the mixture was shaken continuously until no change 
in volume was observed, and heated meanwhile gently with warm 
water. 
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Behaviour of the Esters towards Stannous Chloride dissolved in 
Hydrochloric Acid. 


The solution employed in these experiments contained 20 per cent, 
of the metal, and the results are as follows. 


Percent- 
Wt. e:¢; Pres- age Percentage Character of 
Ester. taken. N,. Temp. sure. found. calculated. decomposition, 


Triazoacetic ... 0°3789 ; 20° 21°55 21°70 Vigorous, 
Triazopropionic 04611 5 21 19°26 19°58 Smooth and 
Triazobutyric...  0°5439 ; 20 59 17°86 17°83 Moderate 
Triazoisobutyric 0°2889 ‘ 20 > =. 1668 17°83 Slow. 
Triazotsovaleric 0°3696 50° 21 55 «15°75 16°37 _—- Very slow, 

In the case of the last-named ester there appeared to be no action for 
nearly fifteen minutes, when a few small bubbles appeared ; the 
mixture was then heated to about 80°, when decomposition became 
regular, but was not complete until the vessel had been heated during 
forty-five minutes in boiling water. The normal triazobutyrate, 
although decomposed more slowly than the propionate and acetate, 
gave good results without being heated, but the reduction of the 
isobutyrate is distinctly slower, and is only completed by heating to 
about 60°. 


Derivatives of Triazoacetic Acid. 


Triazoacetyl chloride, N,*CH,*COCI, was prepared by the action 
of phosphoryl chloride on sodium triazoacetate suspended in absolute 
ether. The first attempt consisted in treating the free acid with 
phosphorus trichloride, when torrents of hydrogen chloride were liber- 
ated and the mixture became red, ultimately depositing a red solid ; on 
decanting the clear liquid and removing volatile phosphorus compounds 
under reduced pressure, a very small quantity of triazoacetyl chloride 
was obtained, boiling at 42° under 15 mm. pressure. In the more 
successful experiment, 23°7 grams of sodium triazoacetate, which had 
remained several weeks in the desiccator, were covered with sodium- 
dried ether and gently warmed with 7°1 grams of phosphoryl] chloride ; 
after twelve hours, the filtered solution was evaporated, and distilled 
under 20 mm. pressure, 5 grams boiling steadily at 50° leaving a 
viscous, brown oil which probably contained triazoacetic anhydride : 

0°3205 gave 0°3830 AgCl. Cl = 29°53. 

C,H,ON,Cl requires Cl = 29°68 per cent. 

The chloride is a colourless liquid, having the pungent odour of acetyl 
chloride, and is decomposed immediately by water. 


ition, 
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Triazoacetanilide, C,H,*NH-CO-CH,'N,, obtained from triazoacetyl 
chloride and aniline, crystallises from hot water in long, lustrous 


needles : 
0:1009 gave 28°5 c.c. N, at 23° and 764mm. N-=32-01. 


C,H,ON, requires N = 31°82 per cent. 

The substance is readily soluble in alcohol and in benzene, from which 
wlutions it may be precipitated by water and by petroleum respect- 
tively. The melting point, 83—-83:5°, is much lower than might be 
expected, that of the corresponding chloro-derivative being higher 
than the melting point of acetanilide itself. 

Triazoethyl triazoacetate, N,*CH,°CO,°CH,°CH,'N,, arose on mixing 
triazoacetyl chloride with triazoethyl alcohol in molecular proportion, 
hydrogen chloride being completely removed after three hours 
on the water-bath; the product was distilled under 8°5 mm. 
pressure, when it boiled steadily to the last few drops at 
115°: 

0:0697 gave 19°6 c.c. N, at 18°7° and 753 mm., along with 0°01397 

of ammonia. N=32°53 as gas, 16°51 as NH,; total 49°04. 
C,H,O,N, requires N= 49°41 per cent. 

Triazoethyl triazoacetate is a colourless, limpid oil, which is odourless 
util warmed. It detonates mildly when thrown on a hot plate, and 
behaves towards concentrated sulphuric acid and hot potassium 
hydroxide solution in a manner to be expected from the groups 
participating in its formation. 

An attempt to prepare triazoacetic anhydride was not successful, 
and, owing to the threatening character of the distillation, was not 
repeated. Dry sodium triazoacetate was treated with triazoacetyl 
chloride in presence of a small quantity of ether; after removing 
undissolved salts, the pale yellow oil was distilled under 1 mm. 
pressure, when the anhydride boiled at about 113° ; but as the residue 
in the flask rapidly changed into a black tar, the operation was 
interrupted. The small quantity of anhydride thus obtained was a 
colourless, heavy, refractive oil without odour, and detonating mildly 
when thrown on a hot plate; the amount of nitrogen evolved on 
treatment with concentrated sulphuric acid was 1°4 per cent. below 
that required by the formula C,H,0,N,'; but on admixture with 
auiline, triazoacetanilide was obtained, melting at 83—83°5°, show- 
ing that the principal constituent of the oil was triazoacetic 
anhydride, 


We desire to record our indebtedness to Mr. H. Droop Richmond 
for the interest taken by him in the analytical difficulties which the 
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peculiar properties of these compounds have raised ; he was also kind 
enough to estimate the nitrogen in three of the new esters described 
in this paper. 
Royratr, CoLuEcE or Screncre, Lonpon, 
SouTH KeEnsinctTon, S.W. 


XAVIT.—Nitro-derivatives of ortho-Xylene. 
By Artuur WILLIAM CrossLEy and Nora Renovr. 


WEN the mixture of two isomeric dimethyleyc/ohexenes, obtained by 
elimination of two molecules of hydrogen bromide from 3 : 5-dibromo- 
1: 1-dimethyleyclohexane (I), was treated witb a nitrating mixture, two 
H:CH CH,°CHB 
OMe <Seon OH, <— OMe<ouoHBe CH: —> 
(I.) ; 
CH-CHy iy 


CMey<oH,-CH 


substances melting at 115° and 71° were obtained (Trans., 1908, 93, 
646). The methyl groups in the hydrocarbons are both attached 
to the same carbon atom, and in such cases it has been frequently 
observed (Trans., 1904, 85, 264; 1906, 89, 875) that the transforma. 
tion into an aromatic substance results in one of the methyl groups 
wandering into an ortho-position, but never into a meta- or para- 
position. It was therefore presumed that the above-mentioned sub- 
stances melting at 115° and 71° were trinitro-o-xylenes, a supposition 
which is now proved to be correct. 

On consulting the literature of the nitroxylenes, it was found 
that comparatively little work had been done on the subject. In 1884 
Jacobson (Ber., 17, 160) described 4-nitro-o-xylene as a yellow, 
crystalline substance melting at 29° (b. p. 258°, slight decomposition), 
obtained by the action of cold fuming nitric acid on o-xylene. Later, 
Noelting and Forel (Ber., 1885, 18, 2668) found that with a mixture 
of nitric and sulphuric acids, o-xylene gave principally the liquid 
3-nitro-o-xylene, boiling at 245—247°, but also small quantities of 
4-nitro-o-xylene. 

In a footnote to a paper by Jacobson (Ber., 1886, 19, 2518), 
Drossbach stated that o-xylene gave di- and tri-nitro-derivatives only 
when heated with a nitrating mixture for some time above 100°; the 
dinitro-o-xylene melted at 71°, and the trinitro-o-xylene at 178°. 

Lastly, Noelting and Thesmar (Ber., 1902, 35, 628) obtained by the 
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further nitration of 4-nitro-o-xylene, 4:;5-dinitro-o-xylene (m. p. 
115—116°) and 4:6-dinitro-o-xylene (m. p. 75—76°). They con- 
sidered it most probable that Drossbach’s dinitro-o-xylene, melting at 
71°, was 4: 6-dinitroxylene, but it follows from the experiments now 
described that, as Drossbach prepared his dinitroxylene at a tempera- 
ture above 100°, it would in reality be 3: 4 : 6-trinitro-o-xylene, melt- 
ing at 72°. Noelting and Thesmar further proved that Drossbach’s 
trinitroxylene (m. p. 178°) was trinitro-m-xylene, due to the o-xylene 
with which he worked containing m-xylene. 

These authors state ‘‘ that ortho-xylene is incapable of yielding 
a trinitro-derivative, even under the influence of the most energetic 
nitrating agents.’ They arrived at this conclusion as the result 
of nitrating 4-nitro-o-xylene with a mixture of fuming nitric and 
sulphuric acids, allowing the temperature to rise as high as 150°, when 
“the reaction product contained no trace of a trinitro-derivative, 
which should have been easily recognised by means of its sparing 
solubility in alcohol ; but the mixture consisted exclusively of the two 
above-mentioned dinitro-o-xylenes, melting respectively at 115—116° 
and 75—76°.” 

Despite this statement of Noelting and Thesmar, the present authors 
felt so certain regarding the nature of the two substances melting at 
115° and 71°, obtained by the action of a nitrating mixture on 
dimethyleyclohexene, that o-xylene was nitrated under exactly the 
same conditions, and was found to yield the same two substances 
melting at 115° and 72°, and which analysis showed to be trinitro-o- 
xylenes. These two trinitro-o-xylenes are so similar in melting point, 
crystalline form, and solubility in alcohol to the dinitro-o-xylenes 
melting repectively at 115° and 75° that they might easily be 
mistaken for them (although there is no possibility of error if the 
mixed melting points are taken), and these are probably the reasons 
that led Noelting and Thesmar to make the above-quoted erroneous 
statement, for when 4-nitro-o-xylene is nitrated under the conditions 
employed by these authors, the resulting product would undoubtedly 
bea mixture of the trinitro-o-xylenes melting at 115° and 72°, and 
would contain no trace of the dinitro-o-xylenes melting at 115° 
and 75°, 

It was decided to attempt the orientation of the two trinitro-o- 
xylenes, and as the simplest way to attain this end seemed to 
be a study of the further nitration products of the mono- and 
di-nitro-o-xylenes, this work has been carried out, with the result that 
all the possible mono-, di-, and tri-nitro-o-xylenes are now described. 
The only one about which any doubt exists is 3 : 6-dinitro-o-xylene. 
It is produced by the further nitration of 3-nitro-o-xylene, but in 
such very small amount that it has not been possible thoroughly to 
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investigate its properties, which it is hoped to describe more 
accurately when experiments, now in progress, with large quantities 
of material are completed. 

According to theory there should exist two mononitro-o-xylenes, 
four dinitro-o-xylenes, and two trinitro-o-xylenes.* 

4-Nitro-o-xylene, melting at 30°, was prepared and correctly orien. 
tated by Jacobson (Joc. cit.) ; but as a further proof of its constitution, 
it has now been oxidised with dilute nitric acid, when it gives a 
quantitative yield of 4-nitrophthalic acid. 

3-Nitro-o-xylene, which Noelting and Forel did not isolate in a 
pure condition, is a faintly yellow liquid boiling at 245—246°/760 mm, 
As it is not identical with 4-nitro-o-xylene, and as there can be but 
two mononitro-o-xylenes, its constitution really requires no further 
proof; but it has also been oxidised with dilute nitric acid, when it 
gives a quantitative yield of 3-nitrophthalic acid. 


4-Nitro-o-xylene, 3-Nitro-o-xylene, 
m. p. 30°. m. p. 7—9°, b. p. 245—246°/760 mm. 
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m. p. 115°. m. p. 72°. 


* The argument used in the orientation of the nitro-o-xylenes will be more readily 
understood by referring to the diagrammatic formule above. 
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When 4-nitro-o-xylene is further nitrated, ‘it should yield three 
dinitro-dérivatives, namely, 4:5-, 4:6-, and 3 : 4-dinitro-o-xylenes, and 
this has been proved to be the case, the three derivatives melting respec- 
tively at 115°,,75°, and 82°. Of these three dinitro-o-xylenes, one, 
namely, 4 :5-dinitro-o-xylene, should only be capable of being produced 
from the 4-nitro-o-xylene, and theory is again substantiated by 
experiment, for the dinitro-o-xylene melting at 115° is only obtained 
from 4-nitro-o-xylene ; no trace of it has in any case been isolated by 
the further nitration of 3-nitro-o-xylene. The substance melting at 
115° must therefore be 4: 5-dinitro-o-xylene, which constitution was 
assigned to it by Noelting and Thesmar (/oc. cit.) from a study of its 
reduction products, and it may, therefore, on both these grounds be 
assumed to be correct. 

Further, the dinitro-o-xylene melting at 75° was also prepared 
by Noelting and Thesmar by nitration of 4-nitro-o-xylene, and, again, 
from a study of its reduction products these authors concluded that 
it was 4:6-dinitro-o-xylene. The correctness of this conclusion has 
now been demonstrated in the following manner. 

In 1904 (Trans., 85, 284) one of the present authors described 
3 ;5-dichloro-4 : 6-dinitro-o-xylene, the constitution of which substance 
was established beyond doubt. Now if the dinitro-o-xylene melting at 


75° is 4 : 6-dinitro-o-xylene, it should be converted into 3 : 5-dichloro- 
4; 6-dinitro-o-xylene by chlorination ; but although it was not found 
possible directly to chlorinate the dinitro-o-xylene melting at 75°, 
it was ultimately converted into the above dichlorodinitro-o-xylene by 
the following method, 

3: 5(or 4:6-)-Dinitro-o-xylene (II)* was reduced with tin and 
hydrochloric acid, and the resulting diamine (III) diazotised and 


CH, CH, CH, 

wen ~e (eh —b No, cH , 

H, Cl \ a oN y, 
NO, 
(III.) (IV.) (V.) 
treated with cuprous chloride, thus yielding 3 : 5-dichloro-o-xylene (IV), 
which on nitration gave 3 : 5-dichloro-4 : 6-dinitro-o-xylene (V), identical 
with the dichlorodinitro-o-xylene described in 1904. 

The constitutions of two out of the three possible dinitro-o-xylenes 
obtainable by the further nitration of 4-nitro-o-xylene are thus 
definitely established, and it therefore follows that the third isomeride 
melting at 82° must be 3 : 4-dinitro-o-xylene. 

Again, 3-nitro-o-xylene should, like 4-nitro-o-xylene, yield three 


* 4:6-Dinitro-o-xylene may also be designated 3: 5-dinitro-o-xylene, since the 
8:5- and 4 ; 6-positions are identical. 


CROSSLEY AND RENOUF: 


dinitro-derivatives on further nitration, and such is found to be the 
case. Of these three dinitro-o-xylenes, one should only be producible 
from 3-nitro-o-xylene, and experiment shows this to be the dinitroo. 
xylene melting at 56—60°, of which substance no trace could be 
obtained by the further nitration of 4-nitro-o-xylene, and it must 
therefore be 3 : 6-dinitro-o-xylene. 

The other two isomerides should be 3:4- and 3 :5(4 : 6-)-dinitro-o. 
xylenes, which supposition proves to be correct, for the dinitroo. 
xylenes isolated melt at 82° and 75°, and are identical with the 
substances of similar melting points obtained from the further 
nitration of 4-nitro-o-xylene. 

The constitutions of the trinitro-o-xylenes follow from those of the 
dinitro-o-xylenes, for 4: 5-dinitro-o-xylene can only give one trinitro-o. 
xylene, and it does, namely, the one melting at 115°, which must 
therefore be 3 : 4: 5-trinitro-o-xylene, and the second trinitro-o-xylene 
melting at 72° must therefore be 3:4: 6-trinitro-o-xylene. If this 
argument is correct, then 3 : 6-dinitro-o-xylene should give on further 
nitration only 3:4: 6-trinitro-o-xylene, and 4: 6(3: 5-)-dinitro- and 
3 : 4-dinitro-o-xylenes should give on further nitration mixtures of the 
two possible trinitro-o-xylenes, and, again, theoretical requirements 
have been established by experiment. 

One point of practical interest is worth while calling attention to, 
namely, the use of concentrated sulphuric acid as an agent for the 
separation of the isomeric nitro-o-xylenes. If, for example, the 
crude mixture of trinitro-o-xylenes is dissolved in about six times 
its weight of concentrated sulphuric acid, heating to as low a tem- 
perature as possible so as to ensure solution, then, on cooling, a large 
fraction of pure 3:4:5-trinitro-o-xylene (m. p. 115°) separates out. 
The solid obtained by pouring the sulphuric acid liquor into water 
is crystallised from absolute alcohol, when pure 3 : 4: 6-trinitro-0- 
xylene (m. p. 72°) is obtained. On evaporating the alcoholic mother 
liquor and repeating this alternate treatment with sulphuric acid and 
then alcohol, a complete separation of the two trinitro-o-xylenes may 
be effected. 

Moreover, the method may be applied with equal success to the 
isomeric dinitro-o-xylenes, only in this case it is sometimes necessary to 
add a few drops of water to the sulphuric acid before crystallisation 
will take place. ‘For example, of the two dinitro-o-xylenes melting at 
115° and 75°, the former crystallises from sulphuric acid and the 
latter does not, and a separation of the two substances is thus 
comparatively easily carried out; whereas Noelting and Thesmar, 
who first prepared this mixture of dinitro-o-xylenes, separated them 
by ‘“‘a series of fractional crystallisations from alcohol.” It follows, 
however, that there is a considerable loss of material during the various 
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fitrations and evaporations necessitated by the process, especially 
with the dinitro-o-xylenes ; but even then the method gives better 
yesults than fractionation from alcohol, by which means alone it 
is practically impossible to separate in appreciable quantity the three 
jinitro-o-xylenes produced by further nitration of either of the 


mononitro-o-xylenes. 
EXPERIMENTAL. 


CH, 


4-Nitro-o-nylene, CH, Ny. 


4-Nitro-o-aylene is best obtained by the action of a mixture of nitric 
and acetic acids on o-xylene as described on page 216, when the yield 
of pure substance is 11—12 grams from 50 grams of o-xylene. It is 
readily soluble in the cold in the usual organic solvents, and crystal- 
lises from absolute alcohol in long, transparent, glistening, yellow 
prisms, melting at 30°, and possessing a marked odour resembling 
that of nitrobenzene. It boils at 254°/748 mm. with very slight 
decomposition, and without any sign of decomposition at 143°/21 mm: 

0:1924 gave 15:2 c.c. N, (moist) at 13° and 746 mm. N=9°'16. 

C,H,O,N requires N = 9°27 per cent. 

Jacobson (loc. cit.) recommended the treatment of o-xylene with 
eight to ten times its weight of nitric acid for the preparation of 
{-nitro-o-xylene, but it is now found that even with eight times the 
weight of nitric acid the yield of mononitro-o-xylenes is only one-half 
what may be obtained when o-xylene is nitrated with six times its 
weight of fuming nitric acid, and even under these latter conditions 
the yield is not so good as with nitric and acetic acids. 

Jacobson further states that 4-nitro-o-xylene is the only mononitro- 
oxylene produced in appreciable quantity by the action of fuming 
uitric acid on o-xylene, whilst Noelting and Forel say that they 
obtained only a small amount of the liquid 3-nitro-o-xylene by this 
method. As a matter of fact, the two mononitro-o-xylenes are 
produced in approximately equal amount. 

Oxidation of 4-Nitro-o-xylene—One gram of 4-nitro-o-xylene was 
heated with 10 ¢.c. of nitric acid (sp. gr. 1°15) in a sealed tube for six 
hours at 170—180°. The resulting clear liquid was evaporated on 
the water-bath, when the residual solid (1°4 grams ; theory 1°4 grams) 
melied at 162—164°, and, after one crystallisation from water 
saturated with hydrogen chloride, it separated in microscopic, 
transparent scales melting at 165°. Miller (Annalen, 1881, 208, 
230) gives the melting point of 4-nitrophthalic acid as 161°, and the 
melting point of the anhydride, prepared by sublimation of the acid, 
114°, The anhydride of the above-mentioned specimen of the acid 
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was prepared by heating with acetyl chloride, and crystallising th 
residue from a mixture of chloroform and light petroleum (b, » 
40—60°), when it separated in clusters of colourless, leaf-like needlg 
melting at 119°. It is insoluble in light petroleum, and readily 
soluble in the cold in the usual organic media with the exception of 
ether. 


3-Nitro-o-xylene, CH 


3-Nitro-o-xylene is produced in largest amount by the action of , 
mixture of sulphuric and fuming nitric acids on o-xylene (compare pag 
216), when the yield of pure material is 25 grams from 50 grams of 
o-xylene : 

0°2540 gave 19°8 c.c. N, (moist) at 14° and 758 mm. N=9'15, 

C,H,O,N requires N = 9°27 per cent. 

It is a clear, pale yellow, refractive oil boiling at 131°/20 mn, 
and at 245—246°/760 mm. without any sign of decomposition. 

Noelting and Forel (loc. cit., p. 2673) state that their specimen of 
3-nitro-o-xylene contained a certain quantity of the solid 4-nitros 
xylene, although it remained completely liquid at -—20°. When 
3-nitro-o-xylene is cooled in a freezing mixture, and the sides of the 
containing vessel scratched with a glass rod, it solidifies readily toa 
pale yellow solid which melts at +7—9°. 

Oxidation of 3-Nitro-o-xylene.—One gram of 3-nitro-o-xylene was 
heated with 10 c.c. of nitric acid (sp. gr. 1°15) in a sealed tube for four 
hours at 170—180°. The resulting clear green liquid was evaporated 
on the water-bath, when 1°4 grams (theory 1°4) of a solid wer 
obtained, which crystallised from water in yellow, transparent prisms 
melting at 217° with evolution of gas, and, after resolidification, at 
163—164°. Miller (Annalen, 1881, 208, 240) gives 217—218° » 
the melting point of 3-nitrophthalic acid, and Graeff (Ber., 1882, 16, 
1127) gives the melting point of the anhydride as 163—164°. The 
anhydride of the above specimen of the acid was prepared by heating 
with acetyl chloride and crystallising the resulting solid from benzeue, 
when it separated in sheaves of slender needles melting at 163°. 


4 :5-Dinitro-o-xylene, CH L 


4 :5-Dinitro-o-xylene, obtained by the further nitration of 4-nitro-0 
xylene with a mixture of nitric and sulphuric acids (compare page 212), 
is sparingly soluble in light petroleum, and readily so in the cold in the 
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ystal organi¢ solvents, except alcohol, from which it crystallises in 
long, white, glistening needles melting at 115°. It also erystallises 
from concentrated or slightly diluted sulphuric acid in glistening 
needles : 

01115 gave 14 c.c. N, (moist) at 17° and 760 mm. N=14°57. 

O,H,O,N, requires N = 1429 per cent. 

When mixed with trinitro-o-xylene melting at 115°, it melts at 

99—-83°, becoming quite clear at 86°. 


yw 
: 6-Dinitro-o-eyl < no 
4 : 6-Dinttro-o-xylene, On Pus 
NO, 


2 


4:6-Dinttr'o-0-aylene is produced in largest amount by the action of 
fuming nitric acid on xylene at a temperature of 22—25° (compare 
page 216, experiment IT): 

0:1409 gave 16°8 c.c. N, (moist) at 13° and 762 mm, N=14'13. 

C,H,0,N, requires N = 14°29 per cent. 

It is readily soluble in the cold in chloroform, ethyl acetate, 
benzene, or acetone, and crystallises from alcohol in very faintly 
yellow, stout, leafy needles, or on slow crystallisation in long, trans- 
parent needles. When once in a moderately pure condition, it 
erystallises from a mixture of chloroform and light petroleum (b. p. 
40—60°) in stellar aggregates of long, glistening needles, showing, 
when heated in a capillary tube, a distinct shrinkage in bulk at 
71°, and melting at 75—76° When mixed with 3: 4: 6-trinitro- 
oxylene (m. p. 72°), it melts at 45—46°, becoming quite clear at 
63°, 4:6-Dinitro-o-xylene does not crystallise from concentrated 
sulphuric acid, 

Conversion into 3:5-Dichloro-4 :6-dinitro-o-xylene. — Attempts 
directly to chlorinate 4 : 6-dinitro-o-xylene failed, and the following 
method was therefore adopted for the preparation from it of 3:5- 
dichloro-4 : 6-dinitro-o-xylene. Ten grams of 4 : 6-dinitro-o-xylene were 
reduced with tin and hydrochloric acid, and 3 grams of the resulting 
base dissolved in hydrochloric acid, a solution of 6 grams of cuprous 
chloride in hydrochloric acid added, the whole heated on the water- 


| bath to 60—70°, and a solution of 4 grams of sodium nitrite in 20 c.c. 


of water gradually added. After standing one hour, the mixture was 
distilled in a current of steam, when a slightly coloured oil passed 
over, which was extracted with ether, the ethereal solution washed 
with sodium hydroxide solution, dried, and the ether evaporated. 
The resulting oil (1-3 grams) was directly nitrated by adding it to a 
mixture of 12 ¢.c. of one volume of fuming nitric acid and two volumes 
of sulphuric acid. Solid separated almost at once, and, after heating 
VOL, XCV, iy 
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on the water-bath for half an hour, the whole was poured into watg 
and the resulting solid (1‘7 grams) crystallised from absolute alcohol, 
when it separated in colourless, glistening, four-sided plates melting 
at 176°. On admixture with 3 : 5-dichloro-4 : 6-dinitro-o-xylene (Trans, 
1904, 85, 284), the melting point remained unaltered, thus proving 
the identity of the two substances, 


CH, NO, 
3 : 4-Dinitro-o-xylene, CH,< YNO,. 


3:4-Dinitro-o-xylene is best prepared by the action of fuming 
nitric acid on o-xylene at 22—-25° (compare page 216, experiment II); 

0°1016 gave 12°6 c.c, N, (moist) at 14° and 740 mm. N=14:20, 

C,H,O,N, requires N = 14-29 per cent. 

It is readily soluble in the cold in the ordinary organic media, 
except light petroleum and alcohol, from which latter solvent it 
crystallises in small, silken needles melting at 82°. It also crystal. 
lises from concentrated or slightly diluted sulphuric acid. When 
mixed with 4 : 6-dinitro-o-xylene, it melts at 46—48°, becoming quite 
clear at 58°, and when mixed with 4:5-dinitro-o-xylene it melts at 
64—65°, becoming clear at 83°. 


3 : 6-Dinitro-o-xylene, CH gv 


3 : 6-Dinitro-o-xylene is obtained by the further nitration of 3-nitro- 
o-xylene with fuming nitric acid (compare page 214) : 

0°1010 gave 12:2 c.c. N, (moist) at 11° and 754mm. N=14°28. 

C,H,O,N, requires N = 14-29 per cent. 

It is extremely soluble in the cold in the usual organic solvents 
except light petroleum and alcohol, in which latter solvent it is, 
‘ however, much more soluble than any of the other isomeric dinitro0- 
xylenes, and from which it crystallises in colourless, fern-like 
aggregates melting at 56—60°. Although separating in detached 
crystals, these mat together on filtering and form a waxy substance, 
a property also exhibited by 3 : 5-dichloro-4-bromo-o-xylene (Trans, 
1904, 85, 275). 

This dinitro-o-xylene was only isolated in minute quantities. Much 
larger amounts of material are now being worked up, and it is hoped 
that a more accurate description of its properties will be published at 
no distant date. 
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Trinitro-o-xylenes. 


Twenty grams of o-xylene were slowly added to 200 c.c. of a mixture 
of one part nitric acid (sp. gr. 1°5) and two parts of concentrated 
sulphuric acid, the whole being cooled in tap-water. The partly- 
nitrated o-xylene separated as an oil, which floated on the acid 
mixture, and the whole was therefore heated on the water-bath 
for fifteen hours with frequent shaking, poured into water, extracted 
with ether, the ethereal solution washed with sodium hydroxide 
solution,* then with water, dried, and the ether evaporated. The 
solid residue (31 grams) was dissolved in 180 c.c. of concentrated 
sulphuric acid and allowed to stand, when 6:5 grams separated, in 
which the nitrogen was determined after crystallisation from 
aleohol : 

01094 gave 16°6 c.c. N, (moist) at 17° and 750 mm. N=17°37. 

C,H,O,N, requires N = 17°43 per cent. 

3:4:5-Z'rinitro-o-aylene is readily soluble in the cold in chloroform, 
benzene, ethyl acetate, or acetone, fairly readily 
CH, NO, soluble in alcohol on warming, and separates on 
a NO, cooling in long, colourless needles melting at 115°. 
—Xo The sulphuric acid mother liquor was then 
poured into water, and the separated solid (22 
grams) crystallised from alcohol, when 14 grams were obtained and 

analysed after a second crystallisation : 

01412 gave 0°2050 CO, and 0°0423 H,O. C=39°59; H=3°32. 

01230 ,, 186 c.c. N, (moist) at 18° and 756 mm. N=17°37. 

C,H,O,N, requires C= 39°83 ; H=2:90 ; N =17°43 per cent. 

3:4:6-7'rinitro-o-xylene is readily soluble in the cold in the ordinary 

organic solvents, except light petroleum and alcohol, 

in which latter liquid it dissolves readily on warm- 

. ing, separating in clusters of faintly yellow, 

glistening, flattened needles melting at 72°. It 

does not crystallise from concentrated sulphuric 

acid, and on exposure to light gradually darkens in colour to a decided 
yellow. 

The alcoholic mother liquors from the 3 : 4 : 6-trinitro-o-xylene were 
evaporated, and the residue again nitrated by heating for three hours 
with 60 c.c. of a similar nitrating mixture to that originally employed, 
and worked up exactly as described above, when a further 0°8 gram of 
3:4:5-trinitro-o-xylene and 2°4 grams of 3 : 4 : 6-trinitro-o-xylene were 

* The washings from this process were coloured deep brown (compare Noelting 
and Forel), but the nature of the product contained in the solution has not so far 
been further investigated. 

P 2 
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obtained. Thus 20 grams of o-xylene give under these conditions 73 
grams of 3; 4: 5-trinitro-o-xylene and 16°4 grams of 3:4: 6-trinitro-o. 
xylene. 

A number of experiments were carried out on the nitration 
of o-xylene by heating to the boiling point of the mixture on 
sand-bath. In all cases the trinitro-derivatives were produced jn 
approximately the same amounts, no matter whether the heating 
was continued for only one hour or for twenty-five hours, the smallest 
quantities being 5-7 grams of 3:4 :5-trinitro-o-xylene and 14°5 grams 
of 3:4:6-trinitro-o-xylene when heating was continued for twenty- 
five hours. 

In none of these experiments was any evidence of the existence of 
a tetranitro-o-xylene obtained. 


Further Nitration of the Mono- and Dinitro-o-xylenes; 


Nitration of 4-Nitro-o-xylene.—Twenty. grams of 4-nitro-o-xylens 
were treated with a mixture of nitric and sulphuric acids exactly as 
described by Noelting and Thesmar (loc. cit., p. 631). As soon as 
all the nitrating mixture had been added, solid commenced to separate, 
which disappeared during the ten minutes’ heating, but separated 
again on cooling.* The whole was poured into water, allowed to 
stand until clear, the solid (24 grams) filtered, dried on porous plate, 
and dissolved, with the aid of as little heat as possible, in 120 ce, 
of concentrated sulphuric acid. Sometimes it was found necessary 
to add a few drops of water to cause crystallisation, but in this 
experiment, without the addition of any water, 3°9 grams of solid 
were obtained melting at 107—112°, and after one crystallisation 
from alcohol at 115°, and which was proved by the mixed melting- 
point method to be 4: 5-dinitro-o-xylene. On addition of a little water 
to the sulphuric acid mother liquor, a further 1:4 grams of this same 
dinitro-o-xylene separated, melting at 100—107°, and after recrystalli- 
sation from alcohol at 115°. 

The sulphuric acid solution was then poured into water and the 
resulting solid (17-5 grams) crystallised from alcohol, when 85 
grams of 4:6-dinitro-o-xylene (m. p. 75°) were isolated. The 
alcoholic mother liquor was then evaporated, the residue again 
dissolved in concentrated sulphuric acid, and the whole process 
repeated. The first fraction from sulphuric acid consisted of 


* Some of this solid was crystallised from alcohol, when it melted at 115°. This 
fact suggested that the dinitro-o-xylene melting at 115° would crystallise from 
sulphuric acid, which was found to be the case, and this explains the use of con- 
centrated sulphuric acid as a crystallising agent so weit tid referred to in this 
communication. 
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4; 5-dinitro-o-xylene, and the later ones, after repeated fractional 
arystallisation from alcohol, were proved to consist of 4 : 5-dinitro- 
p-xylene mixed with a very small quantity of 3 : 4-dinitro-o-xylene 
(m. p. 82°). 

The sulphuric acid mother liquor on pouring into water, etc., gave 
afurther quantity of 4; 6-dinitro-o-xylene (m. p, 75°). 

4-Nitro-o-xylene was then further nitrated by gradually adding 
three times its weight of fuming nitric acid to the powdered sub- 
stance, cooling when necessary. It was allowed to stand one hour 
at the ordinary temperature, poured into water, extracted with ether, 
the ethereal solution washed with sodium hydroxide solution, then 
with water, dried, and the ether evaporated. The residue was worked 
up as described in the previous experiment, when there was obtained 
a smaller proportion of 4: 6-dinitro-o-xylene, but a much larger 
amount of material insoluble in sulphuric acid, than when 4-nitro-o- 
xylene was nitrated with nitric and sulphuric acids. This material 
consisted of a mixture of 4:5-dinitro-o-xylene and 3: 4-dinitro-o- 
xylene, which melts constantly at 62—65°, becoming quite clear some 
degrees higher. A separation of its constituents can only be effected 
by repeated fractional crystallisation from large volumes of aicohol, 
and the process is not, therefore, to be recommended for the 
preparation of either of these dinitro-o-xylenes. The reaction was 
investigated in this case solely to ascertain the nature of the further 
nitration products of 4-nitro-o-xylene. 4: 5-Dinitro-o-xylene is best 
prepared by the action of nitric and sulphuric acids on 4-nitro-o- 
xylene, as under these conditions there is so little 3: 4-dinitro-o- 
rylene (m. p. 82°) produced that the major portion of the 4 : 5-dinitro- 
oxylene can be isolated without difficulty. On the other hand, 
3:4-dinitro-o-xylene is most conveniently produced in large quanti- 
ties by the nitration of o-xylene with nitric acid at 22—25° 
(compare page 216). 

Nitration of 3-Nitro-o-xylene.—Five grams of 3-nitro-o-xylene were 
treated with a mixture of nitric and sulphuric acids as described by 
Noelting and Thesmar for the nitration of 4-nitro-o-xylene (Joc. cit.). 
These authors state (p. 633) that when 3-nitro-o-xylene is nitrated with 
4 mixture of nitric and sulphuric acids, “the reaction product appears 
to be of a complex nature, as its melting point is hardly above 0°.” 
The latter part of this statement is not correct, for the mixture of 
dinitro-o-xylenes, produced under the above conditions, solidified readily 
(2 grams) on pouring into water. It was treated alternately with 
sulphuric acid and then alcohol, as described on p. 212 (nitration of 
‘nitro-o-xylene), when 1°6 grams of 3 : 4-dinitro-o-xylene were isolated 
fom the sulphuric acid treatment, and 1:1 grams of 3: 5(4 : 6-)-di- 
uitro-o-xylene from alcohol. The residue from evaporation of the 
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alcohol melted at a low temperature, and had a waxy consistency, 
suggesting the presence of a third isomeride, which was eventually 
isolated in very small amount from the product of the action of nitric 
acid alone on 3-nitro-o-xylene. 

For this purpose, 20 grams of 3-nitro-o-xylene were treated with 
40 c.c. of fuming nitric acid, employing exactly the conditions and 
method of working up the product as described under the action of 
nitric acid on 4-nitro-o-xylene (compare page 213). The first treatment 
with sulphuric acid gave 4‘2 grams of 3 : 4-dinitro-o-xylene (m. p. 82°), 
and subsequent treatment with alcohol 3°3 grams of 3 : 5-dinitroo. 
xylene (m. p. 75°). The provess of further separation with sulphuric 
acid and then alcohol was twice repeated, when the alcoholic solutions 
gave further quantities of 3: 5-dinitro-o-xylene. The fractions obtained 
from sulphuric acid were all of a more or less waxy nature, and by 
repeated fractional crystallisation from alcohol, they yielded very small 
quantities of 3: 4-dinitro-o-xylene and the fourth isomeride, namely, 
3 : 6-dinitro-o-xylene, melting at 56—60°. The yield of the latter is 
small, less than 1 gram being isolated in an approximately pure 
state. 

Nitration of 4 : 5-Dinitro-o-xylene.—One gram of 4 : 5-dinitro-o-xylene 
was heated on the water-bath for two hours with 30 c.c. of a mixture 
of 1 volume of fuming nitric acid and 2 volumes of sulphuric acid, 
On cooling, solid separated, but the whole was poured into water and 
filtered, when 1 gram of solid, melting at 111—113°, was obtained, 
which, after crystallisation from alcohol, melted sharply at 115% 
When mixed with 3 :4 : 5-trinitro-o-xylene (m. p. 115°), the melting 
point was unaltered, but when mixed with 4 : 5-dinitro-o-xylene it 
melted at 83—-86°. Thus, the sole product of nitrating 4 : 5-dinitroo- 
xylene is 3: 4 : 5-trinitro-o-xylene. 

Nitration of 4: 6-Dinitro-o-cylene.—Under similar conditions to the 
last experiment, 1 gram of 4: 6-dinitro-o-xylene gave 0°6 gram of 
nitration product, from which were isolated 0°25 gram of 3: 4:5-tr- 
nitro-o-xylene and 0°2 gram of 3: 4 : 6-trinitro-o-xylene. 

Nitration of 3 :4-Dinitro-o-xylene.—Three grams of 3: 4-dinitroo- 
xylene, nitrated as above described, gave 3°4 grams of a product, which 
yielded 0°4 gram of 3: 4 : 5-trinitro-o-xylene and 2°3 grams of 3:4:6 
trinitro-o-xylene. 

Nitration of 3: 6-Dinitro-o-xylene.—When nitrated in the same 
manner, 0°5 gram of 3 : 6-dinitre-o-xylene gave only 3:4: 6-trinitroe 
xylene, melting at 72°, 
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ntually Action of Nitric Acid on o-Xylene. 


f nitrie Fuperiment J.—Three hundred grams of fuming nitric acid were 

cooled to — 16°, and 50 grams of o-xylene added drop by drop, care 
d with MH being taken that the temperature did not rise above — 4°: an operation 
ms and that lasted about one and a-half hours. A second quantity of 50 


tion of grams of o-xylene was treated in a similar manner, and the resulting 
atment liquids poured into water, extracted with ether, the ethereal solution 
p. 82°), washed with sodium hydroxide solution, then with water, dried, and, 


after evaporation of the ether, the residue was distilled under 36 mm. 
pressure, when the following fractions were obtained, none of which 
showed the slightest sign of decomposition during distillation : 


hitro-o. 
phuric 
lutions 


tained 150—155°=14"4 grams. 185—195°= 6-0 grams 
nd by 155—170 =27°0__,, 195—200 = 3°5__,, 
- small 170—185 =20°0,, 200—213 =600 ,, 
amely, The fractions boiling below 195° were redistilled at 26 mm. : 
nesta 135—140°= 3°0 grams. 150—155°=12°0 grams. 
pure 140—145 = 54 ,, 155—165 = 42, 
145—147 =12°8__,, 165—190 = 3°9__,, 
147—150 =15°0_ ,, Residue = 7° a9 (a). 
‘ylene 
xture Each of these fractions was separately cooled in a freezing mixture 
acid, and then filtered, using an ice funnel, and the residue spread on 


porous plate, when 8°6 grams of a yellow solid remained, which, after 
one crystallisation from alcohol, melted sharply at 30° (4-nitro-o- 
xylene). The porous plate was extracted with ether, the filtrate from 
the various fractions added to the ethereal solution, the latter dried, 
the ether evaporated and the residue again fractioned in a vacuum, 
and the whole process repeated four times, when 18 grams of pure 
4-nitro-o-xylene were isolated. 

The filtrate from the 4-nitro-o-xylene became much more constant 
in boiling point, and finally yielded 19 grams of pure 3-nitro-o-xylene 
and 7 grams of a mixture of the two mononitro-o-xylenes, which was 


r and 
ined, 
115°, 
Iting 
16 it 
iT'0-0- 


) the 
n of 


-tri- 
added to similar fractions obtained in other experiments and the 
£0-0- separation process repeated. Thus 44 grams out of the 57 grams of 
hich liquid obtained from the second of the fractionations detailed above 
+ 6. are accounted for, the loss being very small when taking into consid- 
eration the number of operations through which it has to pass. 
me The residue A (7:5 grams) solidified entirely, and was added to the 
O-o: solid fractions 195—200° and 200—213°, and the whole (7) grams) 


dissolved in 213 ¢.c. of concentrated sulphuric acid and worked up for 
the separation of the dinitro-o-xylenes by alternate treatment with 
sulphurie acid and then alcohol, as described on page 212. In this 
way there were obtained 18°5 grams of 3 :4-dinitro-o-xylene, 17°5 
grams of 4: 6-dinitro-o-zylene, 0°3 gram of 4:5-dinitro-o-xylene, 
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5 grams of the mixture of 4:5-dinitro-o-xylene and 3: 4-dinitroy. 
xylene melting at 63—65° (compare page 210), and 10°3 grams of a joy 
melting, waxy solid, which consisted of all four dinitro-o-xylenes, its 
waxy nature being due to the presence of 3 : 6-dinitro-o-xylene, As 
it proved impossible to separate further this mixture of foy 
substances, it and all similar residues from other experiments wer 
converted into the trinitro-o-xylenes. 

Experiment IJ.—Twenty-five grams of o-xylene were gradually added 
to 250 grams of fuming nitric acid, taking care to. maintain the 
temperature at 22—25°, the whole allowed to stand one hour, then 
poured into water, and worked up in the usual manner. The residue 
left on evaporation of the ethereal solution solidified at once (41 grams), 
and, as it was proved not to contain any mononitro-o-xylene, it was 
directly treated for the separation of the dinitro-o-xylenes as already 
described, when it yielded 6°3 grams of 3: 4-dinitro-o-xylene, 12+ 
grams 4: 6-dinitro-o-xylene, 6°6 grams of the mixture of 4 :5-dinitro- 
o-xylene and:3 : 4-dinitro-o-xylene melting at 63—65°, and 7 grams of 
low melting, waxy solid. 


Action of Nitric and Acetic Acids on o-Xylene 


Twenty-five grams of o-xylene were added drop by drop to 150 
grams of fuming nitric acid mixed with half its volume of glacial 
acetic acid, the temperature being kept between 20° and 25°. After 
treating a second quantity of o-xylene in a similar manner, the whole 
was poured into water and worked up exactly as described under the 
action of nitric acid on o-xylene, experiment I(compare page 215). There 
were obtained 52 grams of an oil which contained no dinitro-o-xylenes 
and yielded 11°5 grams of 4-nitro-o-xylene, 17:5 grams of 3-nitro-0- 
xylene, and 10 grams of a mixture of the two mononitro-o-xylenes, 
which, being too small an amount to fractionate further, was added to 
similar mixtures obtained in other experiments and the separation 
process repeated. 


Action of Nitric and Sulphuric Acids on o-Xylene. 


Fifty grams of fuming nitric acid and 100 grams of concentrated 
sulphuric acid were mixed and slowly added to 50 grams of o-xylene 
cooled in a freezing mixture, and the whole treated as described under 
the action of nitric acid on o-xylene (compare page 215), when 44 grams 
of mononitro-o-xylenes and 31 grams of dinitro-o-xylenes were obtained. 
From the 44 grams were isolated only 3 grams of pure 4-nitro-0- 
xylene, which was much less coloured than when prepared by the 
action of nitric acid alone on o-xylene, and 25 grams of 3-nitro- 
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xylene. The dinitro-o-xylenes consisted of the same mixture as isolated 
from the action of nitric acid alone on o-xylene. 

The above experiment was repeated, using 30 grams of o-xylene 
anda mixture of 50 grams of fuming nitric acid and 100 grams of 
concentrated sulphuric acid, and adding the o-xylene to the nitrating 
mixture instead of vice versa, Under these slightly altered conditions, 
no mononitro-o-xylenes were formed, but a theoretical amount of 
dinitro-o-xylenes, which were separated as already detailed. 


Summary. 


Some thirty te forty experiments have been made on the nitration 
of o-xylene, using a variety of conditions, on the results of which the 
following general observations may be recorded : 

1, Using fuming nitric acid alone and below — 4°: 

(a) Unchanged o-xylene is always recovered if less nitric acid is 
used than six times the weight of o-xylene. 

(6) In all experiments, no matter how small an amount of nitric 
acid is employed, and even when unchanged o-xylene is recovered, 
dinitro-o-xylenes are formed. 

(c) If the nitric acid is increased up to fifteen times the weight of 
oxylene, the amount of dinitro-o-xylenes continually increases, but 
some mononitro-o-xylenes are always formed. 

2. If o-xylene is nitrated with ten times its weight of fuming nitric 
acid at 22—-25°, an almost theoretical yield of dinitro-o-xylenes is 
produced. 

3, The above observations are only correct when o-xylene is added 
tonitric acid. If, on the other hand, nitric acid is added to o-xylene, 
asmall amount of the latter is converted into mononitro-o-xylenes, 
together with a substance having the formula C,,H,,0,N, which is at 
present being investigated. 

4, Whereas with nitric acid alone about equal proportions of 
3- and 4-nitro-o-xylenes are produced, with nitric and acetic acids the 
proportion of the former to the latter becomes 15 to 1. Moreover, 
with nitric and acetic acids no dinitro-o-xylenes are formed. 

5, With nitric and sulphuric acids below 0°: 

(a) When the nitrating mixture is added to o-xylene, the proportion 
of 3-nitro-o-xylene obtained is about eight times that of the 4-nitro- 
o-xylene. 

(5) If, on the other hand, o-xylene is added to the mixture of acids, 
nod mononitro-o-xylene, but a theoretical yield of dinitro-o-xylenes, is 
produced. 

(c) Although giving rather a better yield of dinitro-o-xylenes than 
the action of nitric acid alone on o-xylene, this method is not to be 
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recommended for their preparation, because a large proportion of 
4 :5-dinitro-o-xylene (m. p. 115°) is formed, and this crystallises 
from sulphuric acid together with 3 : 4-dinitro-o-xylene (m. p, 82°) ag 
a constant melting mixture (63—65°), which can only be separated 
into its constituents by a tedious process of fractionation from 
large volumes of alcohol. As there is more 3: 4-dinitro-o-xylene 
produced by the action of nitric acid alone, it follows that there must 
be less of the constant melting mixture, and consequently the 3:4. 
dinitro-o-xylene is more easily separated. 

6. To ensure the above results, it is not advisable to nitrate more 
than 50 grams of o-xylene at one time. 


RESEARCH LABORATORY, PHARMACEUTICAL SOCIETY, 
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XXVIII.—The Relation between the Chemical Constitution 
and Optical Properties of the Aromatic a- and 


y-Diketones. 
By Ipa SMEDLEy. 


In a previous paper (Trans., 1908, 93, 372) the influence of the con- 
jugation of benzenoid and ethenoid groups on the refractive power was 
discussed, and it was shown that the successive introduction of each 
unsaturated group into the molecule influences the whole series of 
unsaturated groups as long as they are all in conjunction. The in- 
vestigation has now been extended to the unsaturated ketones, and 
the present communication contains an account of the behaviour of 
certain a- and y-diketones. In a subsequent paper I hope to discuss 
the refractive power of the unsaturated ketones and of certain 
B-diketones. 


EXPERIMENTAL. 


Benzoylformaldehyde, C;H,*CO*CHO.—This was prepared according 
to Miiller and Pechmann’s method (Ber., 1887, 20, 2904; 1889, 22, 
2557). The anhydrous aldehyde was purified by distillation under a 
pressure of 50 mm. (b. p. 120°). The deep yellow liquid was dissolved 
in chloroform, and its molecular refraction determined : 

Strength of solution, 61313 per cent. M, 36°99; Mg 38°66; 


-_ 
Mg - M, =1°67. (m=! 5a) 
wet+2 d 


Phenyl Methyl Diketone, C,H,-CO:CO-CH,.—This substance was 
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‘tion of sbtained from isonitrosopropiophenone by heating it with dilute 
stallises MM guiphuric acid and separating by steam distillation (Pechmann and 
82°) ag Miller, Ber., 1888, 21, 2176). The dried diketone was twice redis- 
parated MM ijied under a pressure of 23 mm, (b. p. 123°); the refractive index 


n from 
“xylene 
e must 
a 3:4. 


of the pure substance was then determined for the C-line: 
D? = 1°10065 ; p= 1°52670; M, 41°32. 

In chloroform solution the following result was obtained : 

Strength of solution, 3°0939 per cent. M, 40°86; Mz, 42°16; 
M,- M,=1°30. 

In preparing isonitrosopropiophenone, it was found that the best 
yield (60—70 per cent.) was obtained by passing hydrogen chloride 
intoa mixture of acetophenone and .a 50 per cent. solution of ethyl 
nitrite in alcohol. 

Dibenzoylethylene, C,H,*CO-CH:CH:CO:C,H, (yellow form, m. p. 
111°)—Molecular proportions of anhydrous benzoylformaldehyde and 
acetophenone were heated for one hour with an excess of acetic 
anhydride. The product was then poured into water, and, after some 
time, was washed with sodium carbonate solution, extracted with 
ether, and the ethereal solution dried. From this solution, yellow 
needles crystallised, which melted at 111° after recrystallisation from 
hot alcohol. Benzoylformaldehyde hydrate may be substituted for 
the anhydrous aldehyde in this condensation, but the yield is 
diminished, The refractive power was determined in chloroform 


> more 


ition 
and 


was solution. 
zach Percentage 
s of strength of solution. Ma. Mg. Mg - Ma. 
in- 2°2926 74°00 77°92 3°92 
and 4°0639 74°15 78°12 3°97 
1°7982 73°74 77°96 4°22 


78°00 4°04 


Dibenzoylethylene (white form, m. p. 134°).—The yellow needles 
obtained above were dissolved in alcohol, the solution placed in a 
stoppered flask, and exposed to the influence of bright sunlight (Paal 
and Schulze, Ber., 1902, 35, 174); white needles, melting at 134°, 
gradually separated, thus showing the diminished solubility of the 
higher melting isomeride. The determination of the refractive power 
was made in chloroform solution. 


Percentage 
strength of solution. Ma. Mg. My. MB - Ma. 
1°5627 71°72 75°54 76°34 3°82 
3°1799 71°97 75°68 77°96 ? 3°71 
2°1154 a 75°02 76°82 —_— 
Mean ...... 71°84 75°61 77°07 2 3°76 


cis-a8-Dibenzoylstyrene, C,H,*CO-C(C,H,):CH:CO-C,H; (m. p. 
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129°).—The condensation of benzil and acetophenone was carried out 
according to the directions given by Japp and Klingemann (Trang, 
1890, 57, 662) ; the product, recrystallised from hot alcohol, consisted 
of pale yellow needles melting at 129°; the refractive power of this 
was determined in chloroform solution. 


Percentage 
strength of solution. Ma, Mg. Mg - Ma. 
4°4304 99°71 105°90 6°19 
4°0263 99°49 105°55 6°06 
6°0493 99°51 105°27 5°76 
Mean 105°57 6°00 


trans-aB-Dibenzoylstyrene (m. p. 197—198°).—This compound was 
obtained in small quantities by Japp and Klingemann in the reactions 
between cis-dibenzoylstyrene and a primary alkylamine, a larger pro- 
portion being obtained when propylamine was used than with the 
amines of lower molecular weight. The cis-compound was therefore 
condensed with isoamylamine, an amine of still higher molecular 
weight, but on this occasion none of the érans-compound was detected 
in the mother liquors, the only product identified being amylpyrrolone, 
a homologue of the derivatives prepared by Japp. 

Action of iso Amylamine on cis-Dibenzoylstyrene.— An alcoholic solution 
of cis-dibenzoylstyrene was heated with a slight excess of isoamylamine 
for one hour on a water-bath. The alcohol was distilled off, leaving an 
oily residue, from which after some days large, prismatic crystals were 
deposited melting at 66°. An analysis agreed with the formula for 

H°CPh. 
dph,-co7 CsA: 
0°1344 gave 0°4171 CO, and 0:0927 H,O. C=8467; H=7°67. 
C,,H,,ON requires C = 85:04 ; H=7°80 per cent. 


Action of Aromatic Bases.—Prolonged boiling in aniline and in 
quinoline solutions respectively does not appear to convert the cis- into 
the trans-form ; almost the whole of the original substance was re 
covered unchanged in each case. 

Small quantities of the éans-compound were detected in the mother 
liquors from which the cisform of dibenzoylstyrene had been 
crystallised. If the calculated amount of alcoholic potash is added to 
a boiling solution of benzil and acetophenone in alcohol and the 
mixture heated on a water-bath for half an hour, the amount of the 
trans-compound in solution appears to be slightly increased. 

s-Dibenzoylstilbenes.—A repetition of Zinin’s work on _ these 
substances confirmed the observation made by Japp that the melting 
point of the cis-compound by repeated recrystallisation is not raised 


amylpyrrolone, 
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above 211° (Japp and Klingemann, Joe. cit.). Zinin gives 220° as the 
melting point. 

The measurements of the refractive power were made in chloroform 
solution. ‘The comparative insolubility of the ¢rans-compound renders 
the value obtained for its refraction less trustworthy than that of the 
cis-form. 


Percentage 
strength of solution. Ma. 


cis-Diphenylstilbene 1°5651 12249 
_1°9959 123°21 


Waits: hiss tii i 122°76 


trans-Diphenylstilbene ‘ 122°56 
124°87 


er eT a mn ee 123°71 


THEORETICAL. 
(1) The a-Diketones. 


Armstrong and Robertson (Trans., 1905, 87, 1275) first pointed 
out that contiguous carbonyl groups in open-chain compounds appear 
to exert no special influence on refractive power, but that an exaltation 
is produced by the same grouping in benzenoid compounds. This 
observation seems not to have been noticed by Briihl (Ber., 1907, 40, 
1153), who wrote subsequently that exaltation in refractive power is 
never produced by the conjugation of two carbonyl groups ; the cases 
he quotes are, however, taken only from the aliphatic series. 

Amongst the a-diketones already examined, the molecular refraction 
of benzil alone is markedly greater than the calculated value; the 
determination of the refractive power of the monophenyldicarbonyl 
compounds, such as phenyl methyl diketone, C;,H,-CO*CO-CH,, and 
benzoylformaldehyde, C,H,*CO*CHO, shows that the exaltation in the 
refractive power of benzil is connected with the presence of both 
phenyl groups. In the table on page 222 the values actually observed 
are compared with those calculated for the refractive power of these 
compounds, 

It is obvious that the difference between the calculated and 
observed values in benzil is very much greater than the corresponding 
difference in the aliphatic and monophenyl derivatives. ‘That there is 
a slight exaltation in the refractive power of the monophenyl 
derivatives is more evident if the molecular refractions of the 
similarly constituted mono- and di-ketones are compared, for the 
slightly larger influence of the carbonyl group in benzaldehyde as 
compared with that in acetophenone masks the exaltation when the 
above method of calculation is employed. 3 
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CH,*CO°CO'CH, 


Phenyl methyl diketone. 


C,H,"CO"CO-CH, 


, Benzoyi ormaldehyde. 


C,H;*°CO*CHO 


eer ee 


C,Hs*CO*CO'C,H, 
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u(ti=1 M) 
pe+2° ay 


Observed. 


Calculated.* Difference, 


CH,*CHO=11°50 


CH,°CHO=11°50 


20°84 (Briihl) 


23-00 
—H,= 2°206 


20°79 +0°05 


C,H,;"CHO=31°77 
CH,*CHO =11°50 


41°32 (see page 218) 


43°27 
-H,= 2°206 


41°06 


eee C,H;"CHO=31 77 
CH,"CHO =11°50 


36°99 (see page 218) 


43°27 


-CH,= 6°61 


36°66 


C,H,CHO = 31°77 
C,H,;CHO=31°77 


63°48 (Anderlini) 


63°54 


-H,= 2°206 


61°33 +2°14 


* Calculations using the atomic refractions of the elements given by Briihl do 
not allow for the exaltation produced by the conjugation of a phenyl! with a carbonyl 


group. 


The effect of phenyl on the value of the carbonyl group is well 
shown by the following table: 


Ma 


(observed). 


Diacetyl, 
CH,°CO°CO’CH, 20°8 


Acetone, 
CH,°CO’CH, ... 


CO=4°75 


16°05 


a 
(observed). 


Phenylmethyl- 
diketone, 
C,C;°CO*CO°CH, 41°32 


Acetophenone, 
C;H;"CO°CH; 36°00 


CO=5°32 


Benzoyl- 
formaldehyde, 
C,H;"CO°CHO 36:99 


Benzaldehyde, 
C,H;°CHO .., 31°77 


CO=5°22 


(observed). 


Benzil, 
C,H,;*CO*CO'C,H, 63°48 


Benzophenone, 


C,H,°CO°C,H, ... 56°20 


CO=7'28 


erence, 
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The a-diketones are distinguished by their intense yellow colour 
and their chemical reactivity, these properties being least apparent in 
benzil. The absorption spectra of diacetyl and benzil were examined 
by Baly and Stewart (Trans., 1906, 89, 502), who showed that in 
henzil the absorption band characteristic of diacetyl is present, 
although it is much less marked. The same authors attribute the 
existence of the absorption band to an oscillation of the molecule 
between the two phases represented by the formule : 

C-CY XCO:CY 
(a) “ti 0 and (6) d- do ° 

The chief difficulty in accepting this explanation lies in the 

necessary assumption that a compound represented by the formula 


vii exists only as an unstable phase; but the yellow colour of 
the simplest member of the series, glyoxal (CHO-CHO), in contrast to 
the absence of colour observed in simple ketonic and ethenoid 
compounds, appears as very strong evidence of the mutual influence of 
the oxygen atoms. 

It would follow as a deduction from Baly and Stewart’s hypothesis 
that if such an oscillation is taking place at any one moment a 
certain proportion of the molecules would be in the state represented 
by the phase (5); in certain cases where X and Y are unsaturated 
groups, such a change in structure would probably be accompanied by 
an increase in the refractive power, and this might furnish a means of 
quantitatively investigating the change produced. 

An exaltation in the refractive power of the a-diketones might be 
expected either when a certain number of molecules were present in 
each of the above phases (a) and (b), or when the molecules were in 
some intermediate state ; in the latter case the mutual attraction of 
the two oxygen atoms may be regarded as diminishing the carbon- 
oxygen attraction, and occasioning an increased attraction between 
the two carbon atoms. 

It is unlikely that the linking together of the two oxygen atoms 
would tend to augment the refraction, since in all cases yet observed 
the closing of a saturated heterocyclic ring does not affect the refrac- 
tive power (Briihl, Ber., 1879, 12, 2146; 1891, 24, 657; Annalen, 
1880, 203, 43 ; Eykman, Ber., 1892, 25, 3071), and the formation of 
an unsaturated heterocyclic ring without exocyclic conjugation is 
invariably accompanied by a diminution in refractive power (Briihl, 
Ber., 1907, 40, 1157). 

A comparison of the molecular refractions calculated for the two 
phases (a) and (6) with the values actually observed, affords evidence 
which is in harmony with the conclusion arrived at by Baly and 
Stewart (Joc. cit.). 
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Ma (calculated 
for diketo-phase). 


C——0 


Diacetyl 


Ma (calculated 


Ma 


for peroxide phase). (observed), 
0°77 


CH,:CH, 1 
2CH, 9°14 
20’ 3:00 


22°91 
2°21 


20°70 
35°98 
3°00 
4°57 


Dd 
Oo Oo 
~2H 


20°79 (see p. 222) 


Phenyl methyl C,H, CH, C,H; CH; 
diketone ... | | | | 
C—C C=) 
ae | | 
O O——O 


C,H,*CH:CH, 
20’ 


43°55 
—2H 2°21 


41°34 


65°65 
3°00 


41°06 (see p. 222) 
Benzil eeeeeee oo C,H; C.H; C,H; C,H; C,H;*°CH:CH°C,H; 
| | | | 20’ 


C—C G===8) 
ol A ell 
Oo 0 O——O 


68°65 


-2H 2°21 


61°33 (see p. 222) 66°44 63°48 

From the above table it will be seen that, in diacetyl, the effect 
produced by the two carbonyl groups would be about equal to that of 
an ethenoid group combined with two singly-linked oxygen atoms; 
determination of the refractive power will not therefore aid in 
distinguishing between the two phases, 

The displacement of one methyl group in diacetyl by a phenyl group 
leads to a difference of 0:3 between the molecular refractions calcu. 
lated for the two possible phases; the value observed agrees closely 
with the number deduced for the peroxide formula, but the calculated 
difference is so small that no trustworthy conclusion can be drawn 
from it. 

When both methyl groups are displaced by phenyl groups, it is 
shown that the change from the diketonic to the ethenoid structure 
would probably produce an increment in refractive power of about 
5 units ; the existence of a number of the molecules in the phase (b) 
would therefore furnish an explanation of the abnormally high mole- 
cular refraction of benzil, the increment actually observed being 2'1 
units above that calculated for the diketonic form, and corresponding 
with the existence of approximately 40 per cent. of the ethenoid 
phase, 

The influence of the phenyl group in diminishing the intensity of 
colour in the aromatic diketones, when compared with the correspond- 
ing hydrogen or methyl derivatives, is apparent, not only here, but 
also in the phenyl derivatives of the dibenzoylethylenes, to which 
reference will be made later. If the explanation of Baly and Stewart 
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pe accepted, we may regard the tendency to oscillation as diminished 
by the weighting of the molecule, or possibly by the attraction 
exercised on the carbonyl group by the residual affinity of the phenyl 
group (compare Armstrong and Robertson, Joc. cit.). 


(2) The Unsaturated y-Diketones. 


It is unlikely that the structure XCO°-CH,*COY would permit of a 
rearrangement of the oxygen valencies similar to that figured on 
pge 223 ; and in accordance with this view we find that the A-di- 
ketones are white, and that their absorption spectra do not show the 
band in the visible region of the spectrum characteristic of the a-di- 
ketones, but contain only those bands in the ultra-violet which, 
yeording to Baly (Trans., 1904, 85, 1029), are typical of compounds 
capable of existing in both enolic and ketonic forms. 

If, however, an ethenoid group be substituted for the *CH,°, a 
rearrangement similar to that figured in the case of the a-diketones 
on p. 223 becomes possible, 

(a) R-C-CH-CH-C-R () R-C-CH-CH-O-R 
O O aoe | i 

Both cis- and t¢rans-modifications of the phase (a) are possible, and 
of these the oxygen atoms in the cis-modification might be expected to 
exhibit most strongly mutual attraction; on this assumption it is 
conceivable that a yellow cis-form and a colourless érans-form of these 
liketones might occur. The refractive power of the yellow cis-form 
should then be appreciably higher than that of the colourless ¢rans-form. 

If the arrangement in space of the atoms constituting the a-, B-, 
and y-diketones respectively is considered, it is evident that in the a- 
and y-positions the oxygen atoms approach more nearly to each other 
than in the B-position, and are therefore more likely to be within the 
region of mutual influence. Since, however, the saturated y-diketones 
(for example, dibenzoylethane) are colourless, the position in space of 
the oxygen atoms is not in itself sufficient to condition colour. In 
order that the substance may be coloured, it appears to be essential 
that the carbonyl groups are connected by an ethenoid group. 


(a) The cis- and trans-s-Dibenzoylethylenes, 
C,H,*CO-CH:CH-CO-C,H,. 

A mixture of the stereoisomeric s-dibenzoylethylenes was obtained 
by Paal and Schulze (Ber., 1900, 33, 3784; 1902, 35, 168) on heat- 
ing dibenzoylmalic acid. The two compounds consist of (1) yellow 
needles melting at 111°, passing, when the alcoholic solution is exposed 
to bright sunlight, into (2), white needles melting at 134°. The colour- 
less modification reacts much more readily with hydrazine hydrate to 
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form a pyridazine ring, and the cis-configuration was therefore ascribed 
to it by Paal and Schulze as being the most favourable position for the 
ring formation. 

In investigating this matter I find that the yellow modification j, 
more conveniently prepared by condensing benzoylformaldehyde with 
acetophenone in the presence of acetic anhydride; alkaline condensing 
agents must be avoided, owing to the extreme readiness with which 
benzoylformaldehyde is converted by them into mandelic acid. 

The higher melting point of the white isomeride, and th 
fact that it is the more sparingly soluble form, appear to me to 
indicate that the white and not the yellow isomeride should be repr. 
sented as the ¢rans-configuration. 

The evidence furnished by the a-diketones shows that the mutual 
influence of two carbonyl oxygen atoms produces absorption in the 
visible region of the spectrum; in the y-diketones, this mutual 
influence of the oxygen atoms will be more likely to be exerted in the 
cis-modification, where the oxygen atoms approach more nearly to each 
other. ‘The occurrence of a yellow cis-modification and a colourless 
trans-form would therefore agree better with the view already advanced 
with regard to the relations between the colour and constitution of the 
a-diketones. Further, if the colour of the yellow modification be due 
to an oscillation similar to that assumed to be taking place in the 
a-diketones, its molecular refraction should lie between the values 
calculated for the two phases : 

(a) C,H, ff -CH:CH: C. C,H, and (b) C,H,C-CH-CH’C-C,H; 
0 on O 
whilst the value for the ¢rans-modification should agree with that 
calculated for the formula (a). 

The calculation of the molecular refractions for these two phases 

may be made in the following manner : 


C,H,"C°CH:CH°C’C,H, OH. COCR OM, 
| é 


0-————_O 


Ma-Maleic acid (Kannonikoff). a ae (Trans., 1908, 
HO-C*CH:CH’C*OH = 23°94 3, 376). 
|| C,H,;°CH:CH* bon CH°C,H,; = 82°90 
O -2H 2°21 
— 20’ 3°00 —_— 
20°94 80°69 
Displacement of H by 20’ = 3°00 
C,H, when joined to — 
a CO group: 83°69 
C,H,"CO*CH, 
H°CO°’CH, 
2 x 24°95 


(2) | | . (0) 
O O 
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The values actually observed are: 


Yellow form (melting point 111°) 
Wits a. ta », 184°) 


The molecular refraction found for the white form (71°8) is slightly 
higher than that calculated for the diketonic form (70°8) ; this would 
be expected, since a phenyl group joined to a -CO-CH:CH:CO: group 
would probably produce a slightly greater effect than a phenyl group 
joined to a *CO*CHg group, the number adopted in the calculation. 
The refractions are sufficiently in agreement, however, to justify the 
assumption that the diketonic structure should be assigned to the white 
form. 

The higher value (74'0) obtained for the yellow modification may be 
regarded as consistent with the view that in this form a small per- 
centage of the compound may exist in an isomeric phase, having a 
butadiene structure, and the value 74:0 would correspond with the 
presence of about 18 per cent. of this form. It has already been 
pointed out that the figures obtained for benzil indicate the existence 
of about 40 per cent. of the ethenoid phase. 

It follows, therefore, that the study of the refractive power of these 
compounds supports the view that the yellow modification is to be 
regarded as the cis-form. 

The diminished reactivity of the yellow cis-form when treated with 
hydrazine hydrate may be due to the mutual influence of the two 
carbonyl oxygen atoms. The comparative inertness of the carbonyl 
oxygen in the carboxyl group furnishes an instance of the marked 
elect of a second oxygen atom attached to the same carbon atom ; in 
cis-libenzoylethylene, it is suggested that an influence similar in 
character but much less strongly marked may be at work. 


(b) The Phenyl Derivatives of s-Dibenzoylethylene: (i) cis- and trans- 
Dibenzoylstyrenes, C,H,*CO°-CH:C(C,H,):CO-C,H,. 


The cis- and trans-forms of dibenzoylstyrene were obtained by 
Japp and Klingemann (Trans., 1890, 57, 662). The cis-form, con- 
sisting of pale yellow needles melting at 129°, is the product of the 
condensation of benzil and acetophenone with alkali. The ¢érans- 
form, colourless and of higher melting point (197—198°), occurs in 
small quantities as a by-product when the cis-isomeride is condensed 
with a primary alkylamine, and very small quantities are also formed 
when the cis-modification is heated. 

If Japp’s conclusions be accepted, the analogy between the coloured 
and colourless modifications of dibenzoylethylene and of its mono- 

Q 2 
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phenyl derivative confirms the conclusion that the yellow dibenzoy| 
ethylene is to be regarded as the cis-modification. 

The determination of the molecular refraction of the cis-form gay 
the value 99°6. Sufficient of the ¢rans-modification was not obtaingl 
to enable a trustworthy determination of its refractive power to be 
made ; experiments made with the object of increasing the yield of the 
trans-compound have not led to satisfactory results. 


(ii) cis- and trans-Dibenzoylstilbenes, 
C,H,*CO-O(C,H,):C(C,H,)*CO-C,H,. 


These substances, originally prepared by Zinin, and named by hin 
acicular and octahedral oxylepidenes, were subsequently identified by 
Japp and Klingemann (loc. cit.) as the cis- and trans-modifications of 
dibenzoylstilbene. 

The cis-modification consists of very pale yellow needles, melting 
at 211°, the trans-form of needles, which are much less sparingly 
soluble and melt at 232°. The latter are also pale yellow, and 
by repeated crystallisation I have not been able to obtain a colourless 
specimen. 

The refractive power of both forms was measured in chloroform 
solution ; the values found were for the cis-form, 122°8, and for the 
trans-form, 123°7. Owing to the insolubility of the érans-form, the 
determination of its refractive power is less trustworthy than that of 
the cis-form. No such difference in the values obtained for the two 
forms as that described (p. 227) in the case of the two dibenzoyl- 
ethylenes was detected. If such a difference exists, it is smaller 
and of an order comparable with the degree of experimental error. 

In the following table, a comparison of the properties of these 
substances is shown : 

cis- Form. trans-Form. 


Colour. M. p. M.. Colour. M. p- Ma. 


Dibenzoylethylene, 
COPh°CH:CH°COPh... Yellow 1i1° 74:0 White 134° 71% 
Dibenzoylstyrene, 
COPh*CPh:CH’°COPh.. Pale yellow 129° 99°6 White 197° _ 
Dibenzoylstilbene, 
COPh’CPh:CPh°COPh.. Very pale 211° 122°8 Very pale 232° 1237 
yellow yellow 


These compounds furnish an interesting example of a case where 
the introduction of phenyl groups, not only does not intensify, but 
actually diminishes the colour. In conjunction with Miss M. B. 
Thomas, I am at present investigating the absorption spectra of these 
substances, and propose to extend this investigation to other sub 
stances containing the grouping ‘CO*CH:CH:CO-. The diminution 
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in colour is, however, obvious to the eye ; on the hypothesis discussed 


dibenzoy). 
above, this might be assumed to be due to the presence of the phenyl 


form gaye oups attached to the ethenoid carbon atoms diminishing the mutual 
 obtaing] MM influence of the oxygen atoms, a smaller percentage of the compound 
ver to be MM existing in the butadiene phase. The attraction between the two 
eld of the (oxygen atoms is diminished by the introduction of one phenyl group, 


and, when a second phenyl group is introduced, becomes so small 
as to be no longer detected when the refractive power is examined. 
This conclusion is supported by a comparison of the increments in 
the refractions produced by the substitution of successive phenyl 
groups ; the displacement of an ethylenic hydrogen in dibenzoylethylene 
by one phenyl group produces an increment of 25-6 units; the incre- 
ment when the second phenyl group is introduced is, however, only / 
932 units. This is confirmatory evidence that the refractive value of 
the cis-form of the diphenyl compound is now no longer exalted above 


by him 
tified by 
tions of 


melting that of the érans. 
naringly The influence of the phenyl groups is probably similar to that | 
yw, and  Bticed above in discussing the colour of benzil. The accumulation 
lourless @ of phenyl groups in the molecule complicates the question, since a 


sufficient number of conjugated unsaturated hydrocarbon groups are 
themselves able to produce absorption in the visible region of the 
spectrum, for example, in diphenylhexatriene (Smedley, Trans., 1907, 
93, 372). 

The resemblance between the a-diketones and the symmetrical 
diacylethylenes is not confined to their physical properties ; it is also 
evident from a consideration of their chemical behaviour. Benzil 


roform 
for the 
m, the 
that of 
le two 


nzoyl- 
maller and the phenyl derivatives of dibenzoylethylene both furnish remark- 
or able instances of the wandering of a phenyl group; the transforma- 
thane tion of benzil into benzilic acid on treatment with alkali is entirely 
analogous to the reactions described by Japp and Klingemann (loc. 
cit.), which occur when dibenzoylstyrene is heated, and when it is 
i treated with a primary alkyl amine : 
/1°8 (a) C;H,*CO-CO-C,H, + H,O = (C,H,),C(OH)-CO,H. 
wm (b) C;H,-CO-C(C,H;):CH-CO-C,H, + H,O = 
3°7 (C,H,),C(CO,H)-CH,-CO-C,H, — 
(C,H;).¢°CO,H ht (C.H;).¢—— Sins 
here CH:C(C,H,)°OH CH: C(C,H;) 
but Similarly : 
, B 
C,H,°C-C-C,H OC, H,),*CO- a 
h c 6""5 Hil 6°" 5 5/2 
or ) 6 G(C,H,)-CO-C,H, ~> &(C,H,):0(C,H,)~ ”” 


It is difficult to give any explanation of these reactions with the 
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usual formule, but the interpretation is simpler if it be assumed that 
the ketones react in the peroxide form as follows : 


(a) GH, CC-C,H, CH C-F-O, 
. —_—. > exe) 
+ H:OH 
O,H,-C—C-0,H, 
HO O-O8 (C,H,),C(OH)-CO,H ; 
(6) C.H,"C:CH-O(0,H;): C-O,H, 
O 


O 


+H OH 
C,H,*C(OH):CH:C(C,H,):C(C,H,)-O°-OH —> 
G(CoHs)2"00., 
CH-C(C,H,)~ © 

This explanation has the advantage of showing why only one phenyl 
group of the diphenyl] derivative suffers rearrangement. 


C,H,-C(OH):CH*C(C,H,),"CO,H —> 


Conclusions. 


(1) The refractive power of benzil appears to be intermediate 
between the values calculated for the two phases, sad 3 be and 


OO 
. a ah and is in accordance therefore with Baly and Stewart's 
view that an oscillation between these two forms is taking place. 

(2) The refractions calculated for the two phases in aliphatic 
compounds do not differ sufficiently to enable one to decide between 
the two possibilities. 

(3) In the series of unsaturated y-diketones, the compound having 
the lower melting point, greater solubility, and yellow colour is the 
cis-modification, and the yellow modification of dibenzoylethylene 
(described by Paal and Schulze as the éans-form) should therefore be 
considered as the cis-configuration. 

(4) There is a marked difference between the molecular refractions 
of the cis- and trans-dibenzoylethylenes. 

(5) The molecular refraction of trans-dibenzoylethylene agrees with 
that calculated for the diketonic compound, whereas that observed for 
the cis-compound is higher, and is intermediate between the refractions 
C,H,*C-CH:CH’C:C,H, 

51 M and 


calculated for the two phases : b 4 


C,H,"C-CH-CH-C-O,H; 
oO O : 
(6) The cis-unsaturated y-diketones show many resemblances to the 
a-diketones. 
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(7) The substitution of two phenyl groups for the alkyl groups in 
ihe aliphatic a-diketones, or for the ethylenic hydrogen in the diacyl- 
ethylenes, is accompanied by a diminution in colour, attributable to 


umed that 


= the mutual influence of the phenyl and oxygen, whereby the residual 

afinity of the two carbonyl oxygen atoms is diminished. 

Tue UNIVERSITY, 
MANCHESTER. 

ae . XXIX.—Note on the Constitution of the Carboxyl Group. 
1s) By Iva SMEDLEY. 
> phenyl ~_ . 

Compounps usually represented as containing two adjacent carbonyl 

radicles may be divided into two classes, namely, one comprising the 

intensely yellow diketones and glyoxal (Harries and Jemme, Ber., 

1907, 40, 165), the other the colourless oxalic acid with its esters, 
nediate amide, and chloride. This distinction is not confined to the 
R hysical properties of these substances, but is equally evident when 

and py 

their chemical behaviour is considered ; on the one hand we have 
mill in the ketones and aldehydes a class of compounds readily reducible 
— and reacting easily with such reagents as phenylhydrazine, hydroxyl- 
| amine, and semicarbazide ; on the other hand the carboxylic acids 
phatie are substances which can be reduced only with the greatest difficulty 
tween and are inert towards the usual reagents for aldehydes and ketones. 

R:C-H, R:C-R: R:C-0-H: 
Th ie i i i 

aie e formule g O and B usually assigned to 
s the aldehydes, ketones and carboxylic acids, do not offer an adequate 
ylene explanation of these great differences in behaviour, and it seems to 
re be O 
' the author that the formula C<6H may probably be a more 
tions correct expression for the carboxyl group. The residual affinity of 

the carbonyl oxygen, which is exhibited so markedly in the formation 
with of the oxonium compounds, is here represented as being satisfied by 
for the hydroxylic oxygen, and the active carbonyl group is no longer 
ions figured as present. It may be pointed out that the close connexion of 


the two oxygen atoms with each other and with the carbon atom 
accounts well for the ease with which carbon dioxide is eliminated 
from the carboxylic acids. 

Further, the marked acidity of the carboxylic hydrogen is explained 


: O 
by its attachment to the group RC<KO_ . Ina discussion on the con- 
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stitution of the benzoyl peroxides, Baeyer and Villiger (Ber., 1900, 33 
1569) point out that the organic acids do not owe their acid propertig 
to the piling up of the oxygen atoms, but to the “ unmittelbay 
Verbindung” of the carbonyl and hydroxyl groups. They instang 
the fact that the displacement of a hydrogen atom from water by a 
acetyl group produces an acid, whereas the substitution of acetyl for 
a hydrogen of hydrogen peroxide does not lead to the acquisition of 
acid properties. 

Briihl (Ber., 1907, 40, 896) has also pointed out that the ex. 
altation of refractive power in aromatic aldehydes and ketones js 
greater than in the corresponding acids and esters. He attribute 
this to the greater degree of unsaturation in the former class of 
compounds, and suggests that a partial neutralisation of the sup 
plementary affinities of the two oxygen atoms occurs, which may be 
compared to the “ neutral conjugation of the ethenoid linkings in the 
benzene ring.” 

The slight difference in the refraction value which exists between 
the carbonyl group in the aldehyde and in the acid would agree well 
with the representation of the carboxyl group by the formula 

O 

“<On- 

Although the reactions depending on the acid character of the 
hydrogen are well marked, many of the reactions characteristic of 
the hydroxyl group are absent in carboxylic acids ; thus the hydroxyl 
is not readily replaced by chlorine on treatment with hydrochloric 
acid. 

It is possible that the instability of carbonic acid may be con- 


nected with the symmetrical arrangement of the carbonyl oxygen 
between two hydroxyl groups, thus: 


ae 
HU--C—OH 
NI 
O 


In this connexion it is perhaps permissible to contrast the relative 
stability of sulphurous and sulphuric acids and to suggest that a 
similar influence may be at work. 


es 
HWO—S--O0H HO-S:0H 
ed +O —> VV 
O 00 


In the derivatives of ;the carboxylic acids, the substitution for the 
hydroxyl group of an element or group of elements possessing residual 
affinity which can similarly attract the carbonyl oxygen probably 
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leads to no change in structure. If the formula ROC be ac- 

cepted for the fatty acids, the representation of the amides by the 
O 

formula RON oH: would be in keeping with the known similarity 


of the amino- and hydroxyl groups. This structure would be in 
harmony with the evidence obtained from a study of the refractive 
power of the acid amides, the value of the atomic refraction of the 
nitrogen atom in an acid amide being slightly less than its value in an 
amine (Briihl, Ber., 1907, 40, 1157). The displacement of the 
hydrogen by metals and the formation of two classes of metallic 
derivatives in which the metal is attached to oxygen and nitrogen 
respectively (Titherley, Trans., 1901, 79, 410) might be conveniently 
represented by the formule R01 and RON . It will 


be remembered that a C-O-N: ring of a different type, 


>o<ta 
has been suggested by M. A. Whiteley (Trans., 1903, 83, 30) as the 
configuration of the colourless forms of certain oximes. 
When the structure of the acid chlorides is considered, the evidence 
appears somewhat conflicting. Staudinger (Ber., 1908, 41, 3558) has 
recently confirmed the earlier observation of Fauconnier (Compt. 


l 
rend., 1902, 114, 122) that oxalyl chloride, . is a colourless, 


O 
fuming liquid. This would lead to the expression ROSH, for the 


acid chlorides ; and jthe great reactivity of the atom might well be 
due to its close association with the negative oxygen atom. 

On the other hand, according to Briihl (/oc. cit.), the refractive value 
of the carbonyl group in the acid chlorides more closely resembles 
that of the same ‘group in the aldehydes and ketones. 

Glyoxal and oxalic acid would on this hypothesis be represented as 
follows : 


is 
SO 07 


Glyoxal (yellow). Oxalic acid (white). 


It will be seen that in glyoxal the residual affinity of the two oxygen 
atoms may conceivably bring about a change into the tautomeric 


H-C-CH H:0°C-C-O-H 
O 


os Mn at 
modification O O ; in oxalic acid, however, the mutual attraction 
of the two oxygen atoms linked to the same carbon atom is assumed 
to be sufficient to overcome the attraction of the oxygen atoms bound 
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to adjacent carbon atoms, or at any rate so far to diminish the latter 
that it has no longer an appreciable effect on the optical properties, 
Hence in accordance with Baly and Stewart’s hypothesis (Joc, cit), 
glyoxal is yellow, whilst oxalic acid is white. 

The following formule would then be assigned to cis-dibenzoyl. 
ethylene and to maleic acid : 


Ph:C-C:C-C:Ph. ("hii") HO-C-C:C-C-0H 


|| HH || 
0 0 


cis-Dibenzoylethylene. Maleic acid. 


| HH | 
—0o 


\|| #H||2 
O O 


These formule afford an explanation of the fact that no difference 
in refractive power and no distinction in colour has been observed 
between the cis- and trans-forms of the ethylenedicarboxylic acids 
such as those which distinguish the cis- and trans-dibenzoylethylenes 
(compare p. 228). 

The refractive powers of some derivatives of the ethylenecarboxylic 
acids are shown in the following table : 


Difference : Effect due 
to conjugation 
Ma 2CO 
calculated groups Difference 
from with an —_ between 
Ma atomic ethenoid  cis- and 
(observed). refractions. group. ¢rans-forms. Observer. 
Ethyl maleate 42°23 41°85 0°38 -- Knops (Annalen, 
1888, 248, 175). 
Ethyl fumarate ... 42°90 1°05 +0°67 Knops. 
Propyl maleate ... 51°34 ; 0°59 -- 
»» fumarate... 51°70 0°95 + 0°36 me 
Citraconic acid ... 28°87 ’ 0°94 — Kannonikoff (J. 
pr. Chem., 1885, 
[ii], 31, 320). 
Mesaconic acid 28°83 re ‘ — 0°04 Kannonikoff. 
Methyl citraconate 37°84 , a Knops (Joe. cit.) 
»» Mesaconate 38°03 F +0°19 da 
Ethyl citraconate.. 46°48 06 ? — 2 
»» Mmesaconate.. 47°39 . +0°91 oe 


” 


The differences observed between the molecular refractions of the 
corresponding cis- and trans-compounds are so small that they do not 
allow inferences as to constitution to be drawn with safety. It is 
interesting, however, to observe that the values obtained on examining 
the magnetic rotations of these substances are somewhat higher for 
the trans- than for the cis-isomerides (Perkin, Trans., 1896, 69, 1145). 

Confirmatory evidence of the influence of the hydroxyl oxygen on 
the carbonyl oxygen is afforded by a comparison of the fulgenic acids 
and their fulgides. It has been pointed out by Stobbe (Annalen, 1906, 
349, 367) that as a general rule the presence of oxygen in a ring 
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tends to diminish colour. An exception to this rule occurs, however, 
in the anhydrides of the fulgenic acids (Stobbe, Joc. cit.). 
CMePh-C-CO,H agers agst atte 
CMe,:C-CO,H CMe,:C-CO 
Colourless, Sulphur yellow. 
CHPh.C-CO,H CHPh-0-CO. 
CHPh:C-C0,H CHPh:C-CO~ 
Colourless, Lemon yellow. 
GPh,-0-00,H pie, ate 0. 
CPh,:C:CO,H CPh,:C-CO 
Orange red. Blood red. 

There are probably two factors which bring about the increased 
tendency to produce colour in these anhydrides, firstly, the residual 
afinity of the carbonyl oxygens is now less completely satisfied and 
permits of their mutual attraction; and secondly, by the ring- 
formation the two carbonyl groups are drawn nearer together in space. 

Another instance of a similar character may perhaps be noted in 
that diphenylfumaric acid is white ; diphenylmaleic acid has not been 
isolated, but its anhydride is described as yellow with a greenish 
fluorescence. 
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\XX.—A Synthesis of para-Urazine from Carbamide. 


By Freperick DANIEL CHATTAWAY. 


Tue author has recently shown that two of the hydrogen atoms of 
cearbamide can be replaced by chlorine, a dichlorocarbamide being 
formed. Although this compound, as might be expected, is very 
readily hydrolysed, it can be obtained by passing chlorine through a 
saturated aqueous solution of carbamide, when if crystallises out in 
small, transparent plates. It is safe to handle, and can be preserved 
for a considerable time in a dry atmosphere. 

Its composition shows that it has the formula CH,ON,Cl,, and 
having regard to its mode of formation as well:as to the structure 
of carbamide itself, its constitution is undoubtedly represented by the 


formula G>y-con<ff. As dichlorocarbamide thus contains two 


chlorine atoms, each attached to a nitrogen atom not otherwise linked 
to any complex organic group, and _as it is a stable solid compound 
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easily prepared and isolated and soluble in many common solvents, i 
promises to be of considerable use in organic synthesis. 

When dichlorocarbamide is acted on by ammonia, a reaction takes 
place which is of interest, as it not only affords the first synthe 
of p-urazine from carbamide itself, but adds another to the limite 
number of reactions by which nitrogen atoms can be made to link 
together. 

When dichlorocarbamide is added to a strong aqueous solution of 
ammonia, hydrolysis occurs accompanied by liberation of nitrogen ani 
formation of ammonium carbonate, but, in addition, p-urazine, 

NH-NH 
CO<N NH OO: 
is produced, and separates out in considerable quantity as a sparingly 
soluble, crystalline powder. 

The formation of p-urazine from dichlorocarbamide in this reaction 
may be explained by assuming that by interaction with ammonium 
hydroxide one of the chlorine atoms is replaced by hydrogen * and 4 
monochlorocarbamide produced, two molecules of which conden» 
under the influence of the ammonia with elimination of hydrogen 
chloride, thus : 


NHC! 
NH, 
H-NH 


NHC], H,N N 
COCNH, *CIHN>CO + 2NH,=CO<N HCO + 2H CL 


NHCI 
CO<N Hc] + NBs OH = CO< 


+NH,-OCl. 


Curtius has shown that p-urazine, which he prepared from hydrazine 
hydrate,t can be heated on a water-bath with a mixture of equal parts 
of concentrated sulphuric acid and water for many hours without 
alteration. He found, however, that it could be converted into 
hydrazine and carbon dioxide by heating it with concentrated bydro- 
chloric acid in a sealed tube to 150°. 

This hydrolysis can be much more easily effected by heating 
p-urazine with concentrated sulphuric acid to about 120—130°. 
Carbon dioxide is rapidly evolved, and hydrazine sulphate formed. 


* This replacement of chlorine by hydrogen very frequently takes place when 
substituted nitrogen chlorides are treated with ammonia, ammonium hypochlorite 
or products of its decomposition being produced. That this replacement actually 
takes place in the reaction between dichlorocarbamide and ammonia is shown by the 
reconversion of a small amount of the dichlorocarbamide used into carbamide 
itself. 

+ p-Urazine was prepared by Curtius (J. pr. Chem., 1895, [ii], 52, 481) by acting 
on ethyl chloroformate in alcoholic solution with hydrazine hydrate, and then heating 
the ethyl hydrazinedicarboxylate, N.H,(CO,Et),, formed with two molecules of 
hydrazine hydrate for some hours in a sealed tube at 100°, 
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The latter crystallises out in a pure state on cooling and adding a 
jittle water to the product : 

NH:NH ‘ ; 
(0<NH-NH> CO + 2H,0 + 2H,80, = 2CO, + 2NH,:NH,,H,S0,. 
Dichlorocarbamide can be prepared from carbamide and converted into 

purazine so easily, and the latter can be so quickly hydrolysed, that 
the reactions afford a synthesis of hydrazine more adapted to prepare a 
mall quantity of the pure sulphate than any yet described. The 
operations involved are simple, and excellently suited for showing the 
yathesis of hydrazine as a lecture experiment. 


Preparation of p-Urazine. 


In order to prepare p-urazine, it is not necessary to dry the dichloro- 
arbamide. The crude product, free from all“adhering mother liquor, 
is dissolved in from ten to twenty times its weight of water and 
npidly added to excess of concentrated ammonia, the mixture being 
thoroughly stirred. A vigorous evolution of nitrogen takes place, and 
awhite, crystalline powder separates, a little more crystallises out on 
keeping, and a still further small quantity on evaporating the mother 
liquor after neutralising with hydrochloric acid. In the reaction 
nothing appears to be formed except nitrogen, ammonium carbonate, 
ammonium chloride, and p-urazine, but a small quantity of the 
tichlorocarbamide used is reconverted into carbamide, The yield of 
purazine is about 20 per cent. of the theoretical. 

The p-urazine thus obtained as a white, crystalline powder can be 
crystallised from boiling water, in which it is sparingly soluble; on 
cooling, it separates in small, colourless crystals, which melt, when 
rapidly heated, in the neighbourhood of 270°. The exact melting 
point of the pure substance cannot be determined, as the temperature 
at which liquefaction occurs varies considerably with the rate of 
heating, decomposition appearing to commence about 260°. 

For analysis, the compound was recrystallised once from water : 


01014 gave 41°8 cc. N, (moist) at 12° and 755mm. N=48°62. 
C,H,O,N, requires N = 48-28 per cent. 


Hydrolysis of p-Urazine and Preparation of Hydrazine Sulphate. 


When p-urazine is mixed with about five times its weight of concen- 
trated sulphuric acid and warmed to about 80°, it dissolves apparently 
Without change; on heating the solution to about 95—100°, 
hydrolysis slowly takes place, with evolution of carbon dioxide. On 
taising the temperature still higher, the rate of evolution of carbon 
dioxide increases, until at about 120—130° it is very rapidly 
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liberated ;* at this temperature hydrolysis is soon complete, an 
a clear, colourless liquid is obtained, which deposits crystals of 
hydrazine sulphate on cooling. It is best, however, to add t 
the cooled liquid its own bulk of water, when pure hydrazine sulphate 
at once separates as a white, crystalline powder. To ascertain jt; 
purity, a specimen was prepared as above, washed a few times with 
distilled water, dried, and analysed : 


0°2406 gave 04298 BaSO,. H,SO,=75-06. 
N,H,,H,SO, requires H,SO, = 75°37 per cent. 


The thanks of the author are due to Professor Odling, who has 
placed a laboratory at his disposal. 


UNIVERSITY CHEMICAL LABORATORY, 
OxFoRD. 


XXXI.—The Divergence of the Atomic Weights of the 
Lighter Elements from Whole Numbers. 
By Atrrep CHarLes Giyn Egerton, B.Sc. 


Way are the atomic weights of the first fifteen elements, expressed 
with reference to hydrogen as unit, slightly different from whole 
numbers, and why are they almost exactly whole numbers when 
expressed with reference to oxygen as 16% The present paper offers 
perhaps an explanation of these questions, and consequently may 
indicate how the hypothesis, first put forward by Prout, that the 
atoms of the elements are polymerides of the hydrogen atom, should 
be modified in order to make it possible to calculate accurately the 
weights of the lighter atoms. 

The table on page 239 gives the atomic weights with reference to 
hydrogen, obtained by subtracting or adding to the nearest whole 
number a constantly increasing number of times a certain factor, 
namely, 0:°0078; the agreement between these calculated atomic 
weights and the latest observed values is good. 

Column I is the number of the element. 

Column II gives the numbers 2N for “ even” elements, and 2N +1 

for “odd” elements, that is, the whole numbers to which the 
atomic weights approximate. 


* Hydrazine sulphate is not appreciably oxidised by sulphuric acid until about 
250°, at which temperature nitrogen and sulphur dioxide begin to be liberated. 
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HTS of 
(olumn III gives the factor, B, by which the constant, 0°0078, has 
ete, and 238 
rstals of to be multiplied ; and B=A or A-1. 
add ‘ Column IV represents the calculated atomic weights, and columns 
sulphate Vand VI the latest observed values for the atomic weights (kindly 
rtain ity a given me by Dr. R. W. Gray, and taken from the table prepared by 
nes with fm ‘2 International Committee for 1909; Ag=107°88). 
TABLE I 
; III. ihe 
Element. : . A+B(0-0078). H-=1. 
Hydrogen 1:00 
: 2°9844 
Rss. eoduswaus 3°9688 g 
Lithium 6°9532 ; ‘00 
Glucinum 9°0624 ‘ gh 
Boron 10°9220 ; 11°0 
Carbon 11°9064 , 12°00 
Nitrogen 13°8986 ‘ 14°007 
Oxygen 15°8752 ‘ 16°00 
Fluorine 18°8596 , 19°00 
v 19°8440 ‘ 20 
§ 22°8284 2° 23°00 
Magnesium 24°1872 : 24°32 
Aluminium 26°7972 ; 27°1 
of the HE Silicon 282184 28°3 


Phosphorus ......... 30°7660 30°76(6) 31-00 
* Clarke has given 1°00779 as the atomic weight of hydrogen (O = 16), and, taking 
the constant as 0°0078, justifies these numbers being given to the fourth decimal 


place. 
pressed 
whole Thus the atomic weights are calculated from the formula : 
| when Mm for “even” elements, 
- offers M=A+0°0978A, where A=2N ; 
y may B® for “odd” elements, 
re M=A +0-0078(A - 1), where A=2N +1. 


These results can be expressed in another way ; for it appears that 
the atoms of these elements are direct polymerides of the hydrogen 
atom, but with a small portion of an atom left out or added. Now if 
the electron weighs about one-thousandth of that of the hydrogen 
atom, then 0:0078 would represent the weight of eight electrons. 

The above relation may then be put as follows : 


ly the 


nee to 
whole 
factor, 
tomic 
The atom of helium is 4 atoms of hydrogen, less 2 groups of 16 electrons. 

lithium is 7 ” ” ” ” 9 

” glucinum is 9 es nt plus 4 - 

N+1 boron is 11 less 5 

h the carbon is 12 » 6 » 

: nitrogen is 14 », 13 » 

oxygen is 16 » 8 » 

fluorine is 19 » 9 » 


about 
1. and so on. 
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It should be noticed that the whole number for nitrogen does not 
obey the formula A=2N+1, but A=2N, although it is an “odq” 
element. The value of B, however, follows from that of A, and is not 
exceptional. In the case of glucinum we have again an exception to 
the formula A=2N. 

The formula suggests that an element of atomic weight, 2°9844 
might exist, where N=land =38. 

Not quite such a simple relation could be found amongst the next 
series of elements, but after some search a fairly satisfactory relation 
was noticed, and is expressed in the following table : 


TaBLeE II. 


pm ; A ; ¥. VI. VIL. 

Observed, 

Cale. atomic — 

Element. N. " , . weight. H=1. 0O=16, 

31°8284 31°83 32°07 

17 ‘ 35°1872 35°186 35°460 

18 39°6178 39°61 39°92 

Potassium... 19 38°805 38°793 39°095 

Calcium 20 39°7894 39°78 40°09 
21 

Scandium .. 22 43°7582 43°7(6)  44°1 

23 

Titanium ... 24 

Vanadium... 25 

Chromium... 26 

Manganese... 27 

27 

28 

29 i — 58 58°5476 58°54 590 

Nickel ...... (29) 58 +58 — (2x13) 58°2496 58°23 58°68 


~ 48 47°7270 = 47°7(3) 481 
~50 50°8128 = 50°8 512 
~52 51°6958  -1°69(7) 52"10 
— 54 54°5008 §4°50(5) 54°93 
+54 55°4212 5 5°41(8) 55°85 


oor Sto 
or or bo OO 


Column IV represents the factor C in the following formule, by 
which the atomic weights are calculated : 
for “even” elements, 

M=A+0-0078(A +C), where C=10 or 13; 
for *‘ odd” elements, 
M=A+0°0078{(A —1)+C}, where C=10 or 13. 

The relation A=2N for “even” and A=2N+1 for “odd” 
elements still holds. 

Thus, according to the previous suggestion, the atom of sulphur 
would be 32 atoms of hydrogen less 16 groups of 16 electrons plus 
10 groups of 8 electrons ; the atom of chlorine would be 35 atoms of 
hydrogen plus 17 groups of 16 electrons less 10 groups of 8 electrons; 
the atom of potassium would be 39 atoms of hydrogen less 19 groups 
of 16 electrons plus 13 groups of 8 electrons, and so on. 

It should be noted that the atom of argon must be regarded as 
composed of 36 atoms of hydrogen less 18 groups of 16 electrons less 


HTS OF 


loes not 
| “odd” 
d is not 
ption to 


29844 


he next 
relation 
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13 groups of 8 electrons, but also with a nucleus of four hydrogen atoms 
added (compare helium 4). 

Further, by assuming cobalt and nickel to have equal claim to the 
position of 29th element, their atomic weights may be shown to 
differ by the observed amount by calculating the atomic weight of 
cobalt according to the first simple formula given on page 239, and 
that of nickel by the second formula on page 240. 

After nickel, the relation A =2N, etc., breaks down, and one has no 
guide in finding the factor B. The relation A=2N was first noticed 
by Rydberg (Zeitsch. anorg. Chem., 1897, 14, 66). 

It should be pointed out that the same relation between the atomic 
weights can be arrived at from the mere fact of the atomic weights of 
most of the first fifteen elements being practically whole numbers 
when oxygen is taken as 16. 

The formula used in changing from the one unit to the other is: 

a 
1+0-0078 

If Mouig is a whole number, we may put M=2N, where N is the 
number of the element as before. 


Mya = 


oN 
Wis icterine, 
4#=1"" 1:0078 


Therefore 


and if My, is nearly a whole number, we have 
My) = 2N(1 - 0°0078), 
or 
My =A —0°0078A ; 
and this is the formula previously obtained. 

Thus, if the atomic weights of the elements obey this formula, 
they must be whole numbers with reference to oxygen as 16, and 
herein is an explanation of the fact that most of the first fifteen 
elements possess atomic weights which, expressed with reference 
to oxygen as 16, are almost exactly round numbers. Furthermore, 
if the atomic weights are expressed with reference to oxygen as 16, 
carbon as 12, etc., the atomic weight of hydrogen must be 1°0078. 

The relation is consequently dependent on the ratio H:O= 
1:0078:16; this ratio causing the rest of the elements to obey 
the relation, provided they have atomic weights which are whole 
numbers with reference to oxygen as 16. ‘The relation, however, 
suggests the physical explanation of the departure from whole 
numbers when referred to hydrogen as unit. 

In conclusion, it may be objected that by means of a “coarse 
and fine adjustment,”’ practical identity may be arrived at between 
the calculated and found atomic weights of any element ; or, indeed, 
between any two series of numbers. In general, this must be 
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granted ; but in the first series considered above, this empiricism 
is excluded by the fact that one of the factors mentioned on page 239 
follows a nearly regular numerical series, namely, 2, 3, 4, 5, 6, 64,8 
and 4}; the second factor is uniformly 16; whilst in the second 
series, given on page 240, the factors are uniformly 10 or 13. This 
also differentiates the scheme proposed from other devices for 
securing adherence to some formula, by which an approximation to 
the found values of the atomic weights can be arrived at. 

The relation between the atomic weights, above set forth, if it be 
conceded that it expresses a truth, evidently strengthens the hypothesis 
that the elements are composed of one kind of matter. Hydrogen 
is the simplest known conglomeration of this matter. The position of 
hydrogen in the periodic table, standing alone as a link between the 
first and seventh groups, the existence of hydrogen in stars and 
nebule, and other considerations, first led me to examine the divergence 
of the atomic weights from whole numbers from the point of view of 
Prout’s hypothesis. 

The physical interpretation of the relation given is evidently not 
the only one that can be devised. Since the elements are built up by 
the conglomeration of the fundamental stuff, although not necessarily 
evolved in order of atomic weight, and since the atoms probably differ 
in internal structure, there are certain to be changes in the internal 
energy of the atoms, causing slight differences in mass. One would 
expect such changes to be proportional to the increase of the amount 
of the original stuff which conglomerates; the formula M=A+ 
A(0:0078) agrees with this idea; and, further, it is conceivable that 
an increase in the size of an atom, due to addition of more matter, and 
the formation of a new atom, might either cause an increase or 
decrease of energy according to the configuration of the new atom; 
the positive and negative sign in the formula might thus be explained. 

It is hoped that relations among the heavier atoms will eventually 
be found, but the uncertainty of finding the factor A, the inexactness 
with which the majority of the atomic weights of the heavier elements 
are as yet known, and the error caused by the reduction to the 
hydrogen scale, put difficulties in the way. 

This relation is likely to prove most useful in determining the internal 
structure of an atom ; but these indefinite and speculative physical 
interpretations of the formula are here put forward with all reserve. 


I am greatly indebted to Sir William Ramsay for encouragement 
and advice; and my thanks are also due to Dr. Gray, Dr. T. © 
Porter, and Miss Burke, who have given me much help. 


UNIVERSITY COLLEGE, 
Lonpon. 
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es for By Freperick BeLpine Power and Caries WATSON ; ke 
tion to ME Tue bark of Prunus serotina, Ehrhart (Prunus virginiana, Mi be 


commonly known as ‘‘ Wild Cherry Bark,” has long been used” 
E it be medicinally, and is recognised by both the United States and British 
othesis Pharmacopeias. As it yields benzaldehyde and hydrocyanic acid in 


drogen contact with water, it was quite naturally supposed to contain 
tion of amygdalin or an analogous substance, although the attempts which 
en the have hitherto been made to isolate the cyanogenetic compound were 
rs and unsuccessful. It had also been observed some years ago (Pharm. 
rgence Rundschau, New York, 1887, 5, 205) that the bark contains a 
lew of fluorescent principle, but the identity or composition of this substance 
was not ascertained. 
ly not From the above considerations, it will be seen that, up to the present 
up by time, very little has been known regarding the more important con- 
ssarily stituents of wild cherry bark, and it was therefore deemed of interest 
differ to subject it to a complete chemical examination. Such an investigation 
ternal appeared particularly desirable in view of the fact that, within the past 
would few years, three isomeric mandelonitrile glucosides, C,,H,,O,N, have 
mount been isolated from natural sources, and that one of these, /-mandelo- 
=At itrile glucoside, was obtained from a closely-related species of Prunus, 
> that mmely, P. Padus, Linné. The designations of the three isomeric 
r, and glucosides, and the sources from which they were obtained, are as 
se OF follows: “‘sambunigrin,” from the leaves of the common black elder 
atom ; (Sambucus nigra, Linné), by Bourquelot and Danjou (Compt. rend., 
ained. 1905,141, 598; Arch. Pharm., 1907, 245, 202, 474) ; “ prulaurasin,”’ 


tually from the leaves of the cherry-laurel (Prunus Lauro-cerasus, Linné), 
tness by Hérissey (Compt. rend., 1905, 141, 959 ; Arch. Pharm., 1907, 245, 
ments 463, 473) ; and “amygdonitrile glucoside,’ from the young twigs of 
o the Cerasus Padus, Delarb. (Prunus Padus, Linné), by Hérissey (Arch. 
Pharm., 1907, 245, 475, 641 ; compare also Caldwell and Courtauld 
ernal #@ Trans, 1907, 91, 671). 
ysical With regard to the relationship of the three above-mentioned com- 
rve. pounds, namely, “sambunigrin,” “prulaurasin,”’ and “ amygdonitrile 
glucoside” (7-mandelonitrile glucoside), it may be noted that they 
tepresent the #-glucosides of dextro-, racemic, and levo-mandelo- 
uitrile respectively. Although /-mandelonitrile glucoside, frequently 
designated as “ Fischer’s glucoside,” had been obtained by E. Fischer 
(Ber., 1895, 28, 1508), by Caldwell and Courtauld (Trans., 1907, 91, 
870), and by Auld (Trans., 1908, 93, 1276), by the partial hydrolysis 
R 2 
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of amygdalin, its isolation by Hérissey (loc. cit.) was, until now, the 
only instance in which its occurrence in nature had been observed, 
The present investigation of the bark of Prunus serotina, Ebrhart, 
has resulted in the isolation therefrom of /-mandelonitrile glucoside 
(m. p. 145—147°; [a], —29°6°), which has also been obtained in the 
form of its tetra-acetyl derivative (m. p. 136—137° ; [a], — 24°). This 
is, therefore, the second instance in which this glucoside has been 
observed to occur in nature. A summary of the results of the 
complete investigation of the bark, in the course of which a number 
of other substances have been isolated, is given at the end of this 


paper. 
EX PERIMENTAL. 


The material employed in the present investigation was obtained 
from the United States, and conformed in every respect to the 
description of the bark of Prunus serotina, Ehrhart, as recognised by 
the United States Pharmacopeeia. 

In order to determine the amount of hydrogen cyanide yielded by 
the bark, portions of 25 and 50 grams respectively of the finely-ground 
material were macerated with water for several days in a tightly-closed 
flask at a temperature of 20—25°. Steam was then passed through 
the mixture, and the distillate collected in a very dilute solution of 
sodium hydroxide. After the addition of a little sodium chloride, 
the product of distillation was titrated with a decinormal solution of 
silver nitrate. The amount of the latter solution required for 2% 
grams of bark was 3:4 c.c., and for 50 grams of bark, 7:0 c.c., thus 
corresponding to 0:0734 and 0:0756 per cent. of HON respectively. 

A portion of the bark was tested for the presence of an alkaloid, 
but with a negative result. 

Fifty grams of the ground bark were successively extracted in 4 
Soxhlet apparatus with various solvents, when the following amounts 
of extract, dried at 110°, were obtained : 

Petrcleum (b. p. 35—50°) extracted 0°33 gram = 0°66 per cent. 
Ether « a « =e 
Chloroform = 0°70 ig 


Ethyl] acetate ; = 2°96 sh 
Alcohol . = 706 os 


Total 8°16 grams=16°32 per cent. 


For the purpose of a complete examination, a quantity (53°3 kilo 
grams) of the ground bark was extracted by continuous percolation 
with hot alcohol. After the removal of the greater portion of the 
alcohol, a viscid, dark-coloured extract was obtained, amounting 
14:09 kilograms. 
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Distillation of the Extract with Steam. Separation of Benzoic Acid 
and an Essential Oil. 


A quantity (45 kilograms) of the above-mentioned extract, repre- 
senting about 17 kilograms of bark, was mixed with water, and steam 
passed through the mixture for several hours. The first portion of 
the distillate was tested for hydrogen cyanide, but with a negative 
result, thus affording evidence that no hydrolysis of the cyanogenetic 
glucoside had taken place in the process of distillation. The entire 
distillate, which amounted to about 8 litres, had an acid reaction, 
and contained some drops of oil floating on the surface. It was 
thoroughly extracted with ether, and the ethereal liquid shaken with 
a5 per cent. solution of sodium carbonate. On acidifying the alkaline 
liquid, a substance separated in small, glistening plates, which, after 
recrystallisation from hot water, melted at 119—120°: 

0:1665 gave 0°4210 CO, and 0°0785 H,O. C=68°9; H=5:2. 

C,H,0, requires C=68°8 ; H=4°9 per cent. 

This substance was thus identified as benzoic acid, and the amount 
obtained was 3 grams. 

The ethereal liquid, from which the benzoic acid had been extracted 
as above described, was washed, dried, and the ether removed, when 
a small amount (2°7 grams) of an essential oil was obtained. This 
oil had an agreeable, aromatic odour, quite distinct from that of 
benzaldehyde. It distilled between 100° and 120°/15 mm. as a pale 
yellow liquid, which, at 4°, deposited a very small quantity of a 
crystalline substance. The amount of essential oil was too small for its 
further examination. 


Non-volatile Constituents of the Extract. 


After the distillation of the extract with steam, as above described, 
there remained in the distillation flask a quantity of a green resin 
(A) and a dark-coloured, aqueous liquid. The latter was separated by 
filtration while still hot, and the green resin repeatedly treated with 
boiling water until nothing further was removed. The aqueous liquid 
and washings from the green resin were united, and allowed to stand 
for several days, when a quantity of a brown resin (B) slowly 
separated. This was removed from the liquid, and thoroughly 
washed with cold water, the washings being added to the aqueous 
liquid, which may be designated as (C). 
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Examination of the Green Resin (A). 


This resin at the ordinary temperature was a dark green, Waxy 
solid, and amounted to 180 grams. It was dissolved in alcohol and 
mixed with purified sawdust, the thoroughly dried mixture being then 
successively extracted in a Soxhlet apparatus with the following 
solvents: petroleum (b. p. 35—50°), ether, chloroform, ethyl] acetate, 
and alcohol. 


Petroleum Extract of the Green Resin. 


This extract was a dark green, viscous liquid, and amounted to 80 
grams. It was dissolved in ether, the ethereal solution being extracted 
with successive portions of aqueous sodium carbonate, and finally 
washed with water. The alkaline liquids and washings were united, 
acidified, and extracted with ether, when 27 grams ofa viscid, oily 
liquid were obtained. On distilling this liquid under diminished 
pressure, it passed over between 215° and 270°/10 mm., and then 
became almost solid. It consisted of a mixture of fatty acids, which 
were examined in connexion with a similar product obtained from 
the non-acidic portion of the petroleum extract after its hydrolysis, 


Isolation of a Phytosterol, C,,H,,0. 


The ethereal liquid which had been extracted with sodium carbon- 
ate, as above described, was subsequently shaken with a solution of 
sodium hydroxide, which, however, removed nothing. The ether was 
then evaporated, when a quantity (40 grams) of an oily product was 
obtained. This was hydrolysed by heating with an alcoholic solution 
of potassium hydroxide, the alcohol removed, water added, and the 
alkaline solution of potassium salts extracted with ether. The 
ethereal liquid was washed, dried, and the solvent removed, when 
a small quantity of a brown, crystalline product was obtained. This 
was distilled under diminished pressure, and then crystallised from 4 
mixture of ethyl acetate and dilute alcohol, when it separated in fine, 
glistening, flat needles melting at 135—136°. The amount of this 
substance was 7 grams. After drying at 110°, it was analysed: 

0°1342 gave 0:4100 CO, and 0:1474 H,O. C=83'3; H=12°2. 

C,,H,,O0 requires C= 83°9 ; H=11°9 per cent. 


This substance thus agrees in composition with a phytosterol, and 
it yielded the colour reactions of this class of compounds. A deter: 
mination of its rotatory power gave the following result : 

0-2450, dissolved in 25 ¢.c. of chloroform, gave a, —0°40' in 4 
2-dem, tube, whence [a], — 340°. 
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The acetyl derivative, when crystallised from acetic anhydride, 
separated in needles melting at 118—119°, 

0:2160, dissolved in 25 c.c. of chloroform, gave ap — 0°34’ in a 
9-dem. tube, whence [a], — 32°8°. 

The above-mentioned phytosterol was tested for the presence of 
stigmasterol, Cy)H,.0, according to the method described by Windaus 
and Hauth (Ber., 1907, 40, 3681), and was found to be free from the 
latter compound. The melting point of its acetate would indicate 
that it is not identical with sitosterol (Zeitsch. physiol. Chem., 1902, 
34, 461), but it agrees closely in its character with the phytosterol 
obtained from olive bark (Trans., 1908, 93, 909). 


Identification of the Fatty Acids. 


The alkaline, aqueous solution of potassium salts from which the 
phytosterol had been removed by extraction with ether, as above 
described, was acidified, and again extracted with ether, the ethereal 
solution being washed, dried, and the solvent removed. A quantity 
(12 grams) of fatty acids was thus obtained, which, when distilled 
under diminished pressure, passed over between 215° and 270°/10 mm. 
As these acids distilled within the same range of temperature as those 
previously obtained, which existed in the bark in a free state, for the 
purpose of their examination the two portions were mixed. 

Twenty grams of the total mixed acids were converted into their 
lead salts, and the latter digested with ether, when a portion was 
dissolved. Both the soluble and insoluble portions were decomposed 
by hydrochloric acid, and the regenerated fatty acids purified by 
distillation under diminished pressure, when in each case they 
amounted to about 8 grams. The acids obtained from the soluble 
portion of lead salt were liquid, whilst those from the insoluble 
portion were solid. 

The Liquid Acids.—These acids were fractionally distilled under 
diminished pressure, and the following fractions. collected: (a) 
214—216° (about 5 grams) ; (6) 216—230°/12 mm. (about 2 grams). 
They were analysed and their iodine values determined, with the 
following results : 

(a) 01730 gave 0°4855 CO, and 01784 H,O. C=765; H=11°4, 

0°4190 absorbed 0°6312 iodine. Iodine value = 150°6. 

(6) 0°1890 gave 0°5360 CO, and 0°1930 H,O. C=77:3; H=11°3. 

0:2152 absorbed 0°3372 iodine. Iodine value= 156°7. 
C,H,,0, requires C=76°6 ; H=12°l per cent. Lodine value= 90:1. 
CsH,0, 4  O=771; H=11-4 ” * = 181°4. 

These results indicated that the liquid acids consisted chiefly of a 

mixture of oleic and linolic acids, the latter predominating. 
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In order to obtain more definite information respecting the con. 
position of the above mixture of unsaturated acids, the remaining 
portions of the two fractions (6 grams) were united, and oxidised jp 
alkaline solution with potassium permanganate in the cold. () 
subsequently treating the mixture with a slight excess of sulphy 
dioxide, a white precipitate was produced, which was collected anj 
digested with much ether. This removed about 0°2 gram of an acid 
melting at 128°, which was evidently dihydroxystearic acid, and its 
formation confirmed the presence of oleic acid in the mixture. The 
portion of the white precipitate which was not dissolved by the ether 
was almost completely soluble in hot water, from which, on cooling, 
a quantity (1°2 grams) of a crystalline substance separated, which 
melted at 158—160°: 


00895 gave 0:2042 CO, and 0:0845 H,O. C=62:2; H=10°5. 
C,,H,,0, requires C=62°1; H=10°3 per cent. 


386“ 6 

This substance was a tetrahydroxystearic acid, and the amount 
obtained confirmed the previous indication of a predominating 
proportion of linolic acid in the original mixture. 

The acid, aqueous liquid, which was separated by filtration from 
the above-mentioned white precipitate of oxidation products, was 
evaporated to dryness, and the residue extracted with alcohol. A 
very small amount (01 gram) of an acid melting at 168—17( 
was thus obtained. This was evidently a hexahydroxystearic 
acid (isolinusic acid), and its formation indicated the presence of 
a small proportion of isolinolenic acid, C,,H,,0,, in the original 
mixture. 

The Solid Acids.—These acids were fractionally crystallised from 
glacial acetic acid, but both the first and last fractions, (a) and 
(6), melted at about 56—58°, and possessed practically the same 
composition : 


(a) 0°1320 gave 0°3670 CO, and 0°1520 H,O. C=75°8; H=12% 
(6) 01160 ,, 03225 CO, ,, 01325 H,O. C=75°8; H=127. 
C,,H,,0, requires C=75°0; H=12°'5 per cent. 

belles, =» C=76:1; H=12°7 “ 


As it was evident that no separation of the acids had been effected 
by crystallisation, a portion of the mixture was fractionally precipi 
tated in the form of silver salts: 

I. 0°1560 gave, on ignition, 0°0445 Ag. Ag=28°5. 
II. 0:1570 ,, _ ,, ” 0°0450 Ag. Ag=28°7. 
III. 0:1700 ,,_ ,, - 00490 Ag. Ag=28'8. 
C,,H,,0,Ag requires Ag = 29°8 per cent. 
C,,H,,0,Ag_,, Ag =27°6 so 
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The above results indicated that the solid acids consisted of a 
mixture of palmitic and stearic acids in about equal proportions. 


Ethereal Extract of the Green Resin. Isolation of Ipuranol, 
C.3H3,0.(0H),. 

This extract was a brown, amorphous mass, and amounted to 
50 grams. It was redissolved in about 1 litre of warm ether, and 
the ethereal solution allowed to stand for several days, when a very 
small amount (0°5 gram) of a grey precipitate was slowly deposited. 
This was collected and crystallised several times from a mixture of 
pyridine and dilute alcohol, when 0:2 gram of a substance was 
obtained which, under the microscope, was seen to consist of small 


_rosettes of needles. It melted between 285° and 290°: 


01178 gave 0°3125 CO, and 0:1130 H,O. C=72:3; H=10°7. 
C,H, ,0, requires C= 72°6 ; H=10°5 per cent. 

The substance yielded a.colour reaction similar to that produced by 
the phytosterols. Thus, when dissolved in chloroform with a little 
acetic anhydride, and a drop of sulphuric acid subsequently added, a 
pink colour was produced, which rapidly changed to blue, and finally 
to green. When heated with acetic anhydride, an acetyl derivative 
was obtained which separated in leaflets melting at 160°. 

The above results rendered it evident that the substance in question 
was ipuranol, a dihydric alcohol, which was first obtained in these 
laboratories from Zpomoea purpurea, Roth, and this has subsequently 
been isolated from nutmeg and from olive bark (Amer. J. Pharm., 
1908, 80, 264, 576; Trans., 1908, 93, 907). 


The ethereal solution from which the ipuranol had been deposited, 
as above described, was shaken with several successive portions of 
aqueous sodium carbonate and finally washed with water. A quantity 
of a black, insoluble sodium compound was thus obtained, which, when 
acidified, yielded a quantity of resinous substance. As nothing definite 
could be directly separated from it, the substance was dissolved in 
alcohol, a little water added, and such an amount of sulphuric acid 
that the latter represented 5 per cent. of the mixture. The whole was 
then heated for several hours in a reflux apparatus, and the mixture 
subsequently distilled with steam, but no volatile product was obtained. 
There remained in the distillation flask a brown, aqueous liquid, 
together with a dark-coloured, resinous mass. The latter was collected, 
mixed with purified sawdust, and the thoroughly-dried mixture 
extracted with light petroleum. This removed about 10 grams of a 
viscid liquid, which, when distilled under diminished pressure, passed 
over between 210° and 220°/15 mm. as a clear, pale yellow oil, 
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amounting to about 5 grams. This oily liquid dissolved in warp 
alkali hydroxide, the solution becoming gelatinous on cooling, (Qh 
allowing the oily liquid to stand for a few days, it deposited a very 
small amount of a saturated acid, which, after recrystallisation, melted 
at 50—55°. The liquid portion was unsaturated, and its analysis and 
determination of the iodine value gave the following results : 
0°1273 gave 0°3565 CO, and 0°1390 H,O. C=76:4; H=12:1, 

0°1976 absorbed 0°1563 iodine. Iodine value= 79-1. 

C,,H,,0, requires C=76°6 ; H=12'1 per cent. Iodine value=90-1, 

These results indicated that the oily liquid consisted to a large 
extent of oleic acid, which must have existed in the resin in the form 
of an ester other than a glyceride, although such an occurrence of 
oleic acid appears hitherto not to have been recorded. 

The acid, aqueous liquid contained in the distillation flask, from 
which the above-described resinous material had been removed, was 
treated with baryta for the removal of the sulphuric acid. The filtered 
liquid, after concentration under diminished pressure, reduced Fehling’s 
solution, and yielded a small amount of d-phenylglucosazone, melting at 
206—208°. It was thus apparent that at least a portion of the above. 
described ethereal extract of the resin was glucosidic. 


Chloroform, Ethyl Acetate, and Alcohol Extracts of the Green Resin. 
Isolation of B-Methylaesculetin. 


These extracts all consisted of brown, resinous material, and amounted 
to 9, 16, and 20 grams respectively. As nothing of a definite nature 
could be isolated from them by the ordinary methods, they were united 
and heated for several hours in a reflux apparatus with dilute alcohol 
containing 5 per cent. of its weight of sulphuric acid. After the 
addition of water and the removal of the alcohol by distillation with 
steam, there remained in the distillation flask a brown, aqueous liquid, 
together with a quantity of resinous material. Nothing could be 
isolated from the resin, but on repeatedly extracting the acid, aqueous 
liquid with ether, a small quantity (0°3 gram) of a crystalline substance 
was obtained. This substance melted at 204°, and its solution in 
alkalis exhibited a fine blue fluorescence : 

0°1272 gave 0°2920 CO, and 0:0484 H,O. C=626; H=42. 

C,,H,0, requires C=62°5 ; H=4:2 per cent. 

This substance was thus identified as B-methylesculetin. Further 
- quantities of it were subsequently obtained from the brown resin (B), 
and from the original aqueous liquid designated as (C), after 
hydrolysis with dilute sulphuric acid. 
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Examination of the Brown Resin (B).. 


This was a dark brown powder, and amounted to 171 grams. It 
was dissolved in alcohol, and mixed with purified sawdust, the 
thoroughly-dried mixture being then successively extracted in a 
Soxhlet apparatus with the following solvents: ether, chloroform, 
ethyl acetate, and alcohol. 


Ethereal Extract of the Brown Resin. 


This extract consisted of brown, resinous material, and amounted to 
only 15 grams. As nothing definite could be obtained from it by the 
usual methods or by extraction with alkalis, it was heated in a reflux 
apparatus with dilute alcohol containing 5 per cent. of its weight of 
sulphuric acid. After the addition of water, and the removal of the 
alcohol, a small amount of soft, resinous material was deposited. 
This was extracted with light petroleum, when a product was obtained 
which, after distillation under diminished pressure, yielded 5 grams of 
a liquid fatty acid. The latter was analysed, and its iodine value 
determined, with the following results : 

01243 gave 0°3540 CO, and 0°1344 H,O. C=77'7; H=12°0. 

0:2030 absorbed 0°1829 iodine. Iodine value= 90:1. 

(,,H,,0, requires C=76°6 ; H=12:1 per cent. Iodine value=90°1. 

This liquid acid evidently consisted for the most part of oleic acid, 
with a small amount of some substance of higher carbon content. 


Chloroform Extract of the Brown Resin. 


This was a light brown resin, which amounted to only 2 grams. 
It was redissolved in chloroform, and the solution extracted with 
several portions of aqueous sodium hydroxide. The combined alkaline 
liquids were acidified and extracted with chloroform, when about 
01 gram of a crystalline substance was obtained. This substance 
melted at 204°, and was identified as B-methylesculetin, which, in 
the present instance, was evidently contained in the bark in a free 
state and not in the form of its glucoside. 


Ethyl Acetate and Alcohol Extracts of the Brown Resin. 


Both these extracts consisted of brown, resinous material, and 
they amounted to about 15 grams and 140 grams respectively. As 
nothing definite could be obtained from them by the ordinary methods, 
they were united, and heated for several hours in a reflux apparatus 
with dilute alcohol containing 5 per cent. of its weight of sulphuric 
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acid. The mixture was then diluted with water, and the aleohg 
removed by distillation with steam, when there remained in the dis. 
tillation flask a red, aqueous liquid and a quantity of finely-divide 
red resin. The latter, when collected and dried, amounted ty 
150 grams. 

The above-mentioned red, aqueous liquid on extraction with ether 
yielded 0°4 gram of f-methylesculetin. After this treatment the 
sulphuric acid was removed by means of baryta, and the filtered liquid 
concentrated under diminished pressure. It was found to contain 
sugar, since it readily reduced Fehling’s solution and yielded d-phenyl. 
glucosazone, melting at 205—206°. 

The red, resinous material above described was only partly soluble 
in alcohol. The soluble portion was mixed with purified sawdust, 
and the thoroughly-dried mixture successively extracted in a Soxhlet 
apparatus with light petroleum and chloroform. 

Petroleum Extract of the Red Resin.—This extract was very small 
in amount, and from it only a little phytosterol (m. p. 128—130' 
was obtained. 

Chloroform Extract of the Red Resin.—This extract was likewise 
small in amount. It was redissolved in chloroform, and the solution 
extracted with aqueous sodium hydroxide. On acidifying the 
alkaline solution, a product was obtained which, when recrystallised 
from alcohol, melted at 204°, and was identified as B-methylesculetin. 
The amount of the latter substance obtained from this source was 
1‘3 grams, and it is probable that it was produced by the hydrolysis 
of some methylesculin which had been occluded in the brown resin, 
for the aqueous liquid (C), subsequently to be described, yielded after 
hydrolysis a relatively large quantity of B-methylesculetin, which 
undoubtedly was present in the form of its glucoside. 

Fusion of the Insoluble Red Resin with Potassium Hydroxide.—aAs 
noted above, only a portion of the red, resinous material was soluble 
in alcohol. Of the insoluble portion, 25 grams were reduced to 
powder, and gradually introduced into 150 grams of potassium 
hydroxide in a state of fusion, the temperature of the mixture being 
maintained at 240—260° for a considerable time. After cooling, the 
mass was dissolved in water, the solution acidified with sulphuric 
acid, and distilled with steam. The distillate contained a quantity 
of volatile acid, which was converted into a barium salt, the yh 
amounting to 10 grams. On examining this salt, it was ascerffai 
that the volatile acid consisted largely of acetic acid, 
relatively small proportion of formic and butyric acids. 
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substance which, after repeated crystallisation from water, melted at 
196—198° : 
01252 gave 0°2510 CO, and 0°0470 H,O. C=54:'7; H=4°2. 
C,H,O, requires C=54°5 ; H=3°9 per cent. 
This substance was thus identified as protocatechuic acid. 


Examination of the Aqueous Liquid (C). 


This liquid, as already indicated, represented that portion of the 
original alcoholic extract of the bark which was soluble in cold water, 
and from which the previously-described resins (A) and (B) had been 


removed. 
Isolation of Benzoie Acid. 


The aqueous liquid was extracted many times with ether, the com- 
bined ethereal liquids being washed, dried, and:the solvent removed. 
A quantity of a crystalline product was thus obtained, which was 
subjected to vigorous distillation with steam. The distillate had a 
distinctly acid reaction, and, on extraction with ether, yielded 9 grams 
of a crystalline substance melting at 120—121°: 

01432 gave 0°3608 CO, and 0:0661 H,O. C=68:7; H=5'l. 

C,H,O, requires C= 68-8 ; H=4°9 per cent. 

This substance thus proved to be benzoic acid, and its identity 
was further confirmed by the formation of its methyl ester, boiling at 
197—-198°. 

Isolation of Trimethylgallic Acid. 


After completely removing the benzoic acid from the crystalline 
product by distillation with steam, as above described, the contents of 
the distillation flask were extracted with ether, and the ethereal 
liquid shaken with eight successive portions of a dilute solution of 
ammonium carbonate. The liquids obtained by the first three ex- 
tractions with alkali gave, on acidification, a distinctly crystalline 
precipitate, and these were therefore united. The liquids obtained by 
the subsequent five extractions, when acidified, yielded a more or less 
amorphous precipitate, and this was separately examined, as described 
below, 

The precipitate obtained by acidifying the liquids from the first 
three ammonium carbonate extractions was crystallised from ethyl 
acetate, when it yielded 10 grams of a crystalline compound melting 
at 165—169°. After several recrystallisations from the same solvent, 
the melting point remained constant at 167—169° : 

01647 gave 0°3424 CO, and 0:0865 H,O. C=56'7; H=5'%. 

C,,H,,0, requires C=56°6 ; H=5°6 per cent. 
This substance is evidently trimethylgallic acid, and its isolation is 
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of considerable interest from the fact that, so far as known to us, it js 
the first instance in which its occurrence in nature has been observed 

Further confirmation of the identity of the above substance was 
afforded by the preparation of some derivatives, a determination of the 
number of methoxy] groups, and its molecular weight. The methy] ester 
was prepared in the usual manner, and, as this can be volatilised with 
steam, it affords a ready method for the purification of the acid, 
When crystallised from water, it separated in long needles melting 
at 84°: 

0°2098 gave 0°4485 CO, and 0'1190 H,O. C=583; H=6:3. 

C,,H,,0,; requires C=58°4 ; H=6:2 per cent. 

The acid was regenerated from this ester, and crystallised from 
ethyl acetate, when it melted at 167—169°, as before, and was again 
analysed : 

0°1287 gave 0:2680 CO, and 00685 H,O. C=56°8; H=5°9, 

C,,H,,0, requires C=56°6 ; H=5°6 per cent. 

The silver salt was obtained as a crystalline precipitate by the 
addition of silver nitrate to a solution of the ammonium salt. It was 
washed with a little cold water, dried in a vacuum over sulphuric acid, 
and analysed : 

0°5070 gave, on ignition, 0°1710 Ag. Ag=33°7. 

C,,H,,0;Ag requires Ag = 33°8 per cent. 

A determination of the number of methoxyl groups in the acid by 
Perkin’s modification of the Zeisel method gave the following result : 

01316 gave 0-4370 AgI. OMe=43°'8. 

C,H,0,(OMe), requires OMe = 43:9 per cent. 

The molecular weight of the acid was determined by the eryoscopie 
method in acetic acid solution : 

0°2965 in 22-2415 of acetic acid gave At-0°254°. M.W.=201. 

C,,H,,0, requires M.W. = 212. 


Isolation of p-Coumaric Acid. 


After the removal of the trimethylgallic acid from the ethereal 
liquid by the first three extractions of the latter with aqueous 
ammonium carbonate, as above described, the subsequent extractions 
with this alkali gave, when acidified, about 8 grams of a product 
melting at 210—213° with evolution of carbon dioxide. This was 
recrystallised from hot water, from which it separated in small, colour- 
less needles melting, as before, at 210—213°: 

0°1580 gave 0°3810 CO, and 0°0690 H,O. C=65°8; H=4°9. 

C,H,0, requires C=65°9; H=4°9 per cent. 
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This substance was thus identified as p-coumaric acid. Further 
confirmation of its identity was obtained by methylating a portion of 
the acid, when the methyl derivative, CH,-O-C,H,°C,H,°CO,H (m. p, 
170°),and its methyl ester, CH,*O-C,H,*C,H,-CO,°CH, (m. p, 88—90°), 
were obtained. 


The aqueous liquid, from which the three above-mentioned acids had 
been obtained by extraction with ether, was concentrated under 
diminished pressure to a volume of about 6 litres, and treated with 
a solution of basic lead acetate. This produced a voluminous, yellow 
precipitate, which was collected, washed, and then suspended in water 
and decomposed by hydrogen sulphide. On filtering the mixture, a 
liquid was obtained which gave a bluish-black coloration with ferric 
chloride, and evidently contained a quantity of tannin, but nothing 
crystalline could be separated from it. 

The filtrate from the basic lead acetate precipitate was treated with 
hydrogen sulphide for the removal of the excess of lead, and the 
filtered liquid concentrated under diminished pressure to a volume of 
about 1°5 litres. This liquid, on cooling, formed a gelatinous mass, 
which again became fluid on warming or on dilution with water 
or alcohol. The nature of the substance to which the gelatinisation 
of the liquid was due could not be ascertained. The liquid contained 
a cyanogenetic glucoside, together with a sugar which yielded d-pheny]l- 
glucosazone, melting at 208—210°. 

With the object of isolating the cyanogenetic compound from the 
above-mentioned aqueous liquid, the latter was divided into two equal 
portions. One of these portions, amounting to 800 grams, was mixed 
with purified sawdust, and the thoroughly-dried mixture extracted for 
eight days in a Soxhlet apparatus with dry ethyl acetate. As the 
cyanogenetic compound could not be separated from the resulting 
extract, the latter was mixed with a small quantity of sawdust, and 
extracted for three days with boiling chloroform, but this treatment 
removed only traces of the glucoside, The chloroform extract was 
therefore washed with a little water, then shaken with a dilute solution 
of sodium hydroxide to remove any acidic or phenolic substances, and, 
fnally, the solvent evaporated. A very small amount (about 0-01 
gram) of a crystalline substance was thus obtained, which, after 
recrystallisation from a mixture of chloroform and ether, melted 
sharply at 240-—241°, but could not be further examined. 

In order to ascertain the amount of cyanogenetic glucoside in the 
aqueous liquid, 25 grams of the remaining portion of the latter were 
treated with emulsin, when 0°0783 gram of hydrogen cyanide was 
evolved, which would correspond to 0°8555 gram of a compound 
having the molecular weight of mandelonitrile glucoside. The amount 
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of such a glucoside in the total aqueous liquid (1600 grams), represent. 
ing 4°5 kilograms of the original alcoholic extract or 17 kilograms of 
bark, would thus have been about 55 grams, or 0°32 per cent. of the 
weight of the bark. 

Although the above attempts to isolate the cyanogenetic compound 
from the aqueous liquid were unsuccessful, it was subsequently 
obtained from the original alcoholic extract of the bark bya special 
method, which will be described below. 


Isolation of B-Methylaesculetin. 


A quantity (100 grams) of the above-mentioned aqueous liquid 
was diluted with water to the megsure of about 500 c.c., then % 
grams of sulphuric acid added, and the mixture boiled for several 
hours. Steam was subsequently passed through the mixture in order 
to remove any volatile products formed by the hydrolysis. The 
contents of the distillation flask were then filtered, the acid, aqueous 
liquid being extracted first with ether, and subsequently with 
chloroform. After the removal of the respective solvents, residues 
were obtained which were separately dissolved in about 10 ce, of 
water. On keeping these solutions overnight, they deposited small 
quantities of a substance which, when crystallised from alcohol, 
melted constantly at 204°, and was identified as B-methylesculetin, 
The amount of this substance thus obtained was 0°4 gram, which 
would correspond to 6°4 grams from the total aqueous liquid, 
the latter representing about 17 kilograms of bark. As the 
B-methylesculetin was obtained from this liquid only after 
hydrolysis, it is highly probable that it existed in the form of its 
glucoside, methylesculin, and the corresponding amount of the 
latter compound would be about 12 grams, or 0:07 per cent. of the 
weight of the bark. 

On boiling the B-methylesculetin for about ten minutes with acetic 
anhydride, its acetyl derivative was formed. This compound is only 
sparingly soluble in cold acetic anhydride, from which it separates in 
colourless leaflets, melting at 176—177° : 


0°1140 gave 0°2564 CO, and 0°0460 H,O. C=61'3; H=4°5. 
C,)H,0,(CO-CH,) requires C=61'5; H=4°3 per cent. 


In extracting the B-methylesculetin from the hydrolysed aqueous 
liquid by means of ether, as above described, it was observed that 
the ethereal liquid also contained a small amount of an acidic 
substance which was readily soluble in water. A further quantity 
of this substance was obtained, and its identification effected, 
described below. 
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Isolation of \-Mandelic Acid. 


A quantity (400 grams) of the previously-mentioned aqueous liquid 
yas diluted with water to the measure of 1 litre, 50 grams of 
slphuric acid added, and the mixture boiled for six hours. It 
yas then subjected to distillation with steam, when the distillate 
was found to contain small amounts of furfuraldehyde, benzaldehyde, 
and benzoic acid. The aqueous, acid liquid remaining in the 
distillation flask, after being ailowed to cool, was filtered, and 
extracted twelve times with ether. The ethereal liquid from the 
frst extraction was discarded as being likely to contain a little 
benzoic acid. All the subsequent extractions were united, and 
the solvent removed, when a residue was obtained which was mixed 
with 50 cc. of water. On allowing the liquid to stand for some 
time, a quantity of B-methylesculetin was deposited, which was 
removed by filtration, and the strongly acid, aqueous filtrate ex- 
tracted five times with ether. The ethereal liquid was then repeatedly 
extracted with small quantities of a dilute solution of ammonium 
arbonate until the aqueous liquids just began to show an alkaline 
reaction. The combined ammonium carbonate extracts were acidified 
with hydrochloric acid and extracted with ether, when about 3 grams 
of a crystalline substance were obtained, melting at 128—130°. 
After recrystallisation from benzene, it melted at 130—133°: 

0:1238 gave 02880 CO, and 0:0624 H,O. C=634; H=5°6. 

The substance was again crystallised from benzene, when it melted 
at 132—133°, and was again analysed : 

01276 gave 02965 CO, and 0°0635 H,O. C=63'4; H=5:5, 

C,H,O, requires C=63°2; H=5:3 per cent. 

03710, dissolved in 20 c.c. of water, gave ina 2-dem. tube ap — 5°44’, 
whence [a], — 154°5°. 

The substance was thus identified as /-mandelic acid, and its 
isolation from the aqueous liquid, after hydrolysis, afforded evi- 
dence of the presence of either amygdalin or J/-mandelonitrile 
glucoside. N 


Isolation of \-Mandelonitrile Glucoside. 


One kilogram of the original alcoholic extract, representing about 
38 kilograms of the bark, was mixed with 2 litres of water, and the 
volatile constituents were removed by distillation with steam. The 
coutents of the distillation flask were then filtered while hot from 
the previously-described green resin, the latter being thoroughly 
washed with water, and the washings added to the filtrate. After 
illowing the combined aqueous filtrate and washings to stand for 
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several weeks, a quantity of the previously-described brown resin was 
deposited, from which the clear liquid was decanted. This liquid, 
being large in amount, was divided into four portions, each of which 
was concentrated as far as possible under diminished pressure, 1) 
each portion 200 c.c. of aleohol were then added, and, after complete 
solution, the thin syrups were again concentrated under diminishe 
pressure, this operation being repeated until the mass became ty 
viscid for further concentration. Each portion was then dissolved in 
200 cc. of absolute alcohol, and to the thin syrups so obtaing 
1 litre of boiling, dry ethyl acetate was added in each case. After 
standing for several hours, the liquids were decanted from the 
precipitated syrup, concentrated to about 100 c.c., and, while still hot, 
500 c.c. of boiling, dry ethyl acetate added to each portion. ‘They wor 
again allowed to stand for several hours, when some syrupy material 
was deposited, from which the clear ethyl acetate liquids wer 
decanted. These were then united, concentrated to the measure 
of 500 c.c., and, after cooling, 500 c.c. of dry ether added. The clea 
liquid was then separated, the solvent completely removed, ani 
the residue dissolved in about 300 c.c. of cold water. This aqueous 


liquid was shaken with small successive portions of ether in order to | 


remove the acids which were known to be present, after which it was 
treated with a solution of normal lead acetate until no further 
precipitate was produced. The yellow precipitate was removed by 
filtration with the aid of the pump, and the aqueous filtrate concen- 
trated on the water-bath under diminished pressure to about 30—-4( 
c.c. A mixture of 300 c.c. of alcohol and 300 c.c. of ethyl acetate 
was then added, and the whole allowed to stand overnight, The 
clear liquid, decanted from a small amount of a yellow precipitate, was 
concentrated to a small volume, the residual product being tha 
dissolved in water and treated with hydrogen sulphide for the removal 
of the lead. After filtration, the aqueous liquid was concentrated 
under diminished pressure to the measure of about 50 c.c., whet 
an excess of calcium carbonate was added to neutralise the free aceti¢ 
acid, and the mass then extracted with alcohol. This alcoholit 
extract was evaporated to dryness on a water-bath under diminished 
pressure, and the residue dissolved in ethyl acetate, when, after 
concentrating the solution to about 20 c.c., the glucoside slowly 
crystallised in small, colourless needles. It was recrystallised from 
ethyl acetate, when two crops of crystals were obtained. The firs 
fraction of crystals, which amounted to 0°6 gram, melted initially a 
144—146°, and, after further crystallisation, at 145—147°. ‘The 
second fraction of crystals, which was very small in amount (about 
0-1 gram), was somewhat less pure, and melted at 135—140°. Both 
these fractions, when treated with emulsin, yielded hydrogel 
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eyanide, benzaldehyde, and glucose. The first fraction was analysed, 
with the following result : 

0:1392 gave 0°2904 CO, and 0:0750 H,O. C=56:°9; H=6°0. 

C,,H,,0,N requires C=56'9; H=5°8 per cent. 

0:3605, dissolved in 20 c.c. of water, gave in a 2-dem. tube ap — 1°4’, 
whence [a], — 29°6°. , 

The above-described cyanogenetic compound was thus identified as 
|mandelonitrile glucoside. 

A determination of the specific rotatory power of the small fraction 
of glucoside melting at 135—140° gave the following result : 

0:0956, dissolved in 20 c.c. of water, gave in a 2-dem. tube a, — 0°14’, 
whence [a ]) — 24°4°. 

Tetra-acetyl-l-mandelonitrile Glucoside.—In the preliminary attempts 
to obtain the cyanogenetic glucoside from wild cherry bark a method 
was employed which, although not resulting in the isolation of the 
glucoside itself, led to the preparation of its acetyl derivative. This 
method varied from that above described for the isolation of the 
glucoside at the stage when the yellow precipitate produced by 
normal lead acetate was obtained. After the removal of this precipi- 
tate by filtration, the filtrate was treated with hydrogen sulphide for 
the removal of the lead, again filtered, and the liquid concentrated 
to about 200 c.c. It was then repeatedly extracted with hot amyl 
alcohol, the temperature of the mixture being kept at about 80°. By 
this means the glucoside was separated from the last traces of sugar, 
after which the solvent was removed by distillation in a rapid current 
of steam. The aqueous liquid contained in the distillation flask was 
then concentrated to the consistency of a thick syrup, the latter 
boiled for an hour with twenty times its weight of acetic anhydride, 
and the product poured into water. After allowing the mixture 
to stand for some hours, it was extracted with ether, the ethereal 
liquid being subsequently shaken with a 5 per cent. solution of sodium 
hydroxide in order to remove small amounts of acidic substances, and 
afterwards washed with water. On concentrating the ethereal liquid 
toa small bulk and allowing it to stand, the acetyl derivative of the 
glucoside separated in long needles. It was twice crystallised from 
alcohol, when it melted at 136—137°. The amount of this derivative 
obtained from 1 kilogram of the alcoholic extract, representing about 
38 kilograms of the bark, was 0°6 gram : 

01458 gave 0°3025 CO, and 0°:0740 H,O. C=566; H=5°6. 

C,,H,,0,)N requires C=57-0 ; H=5'4 per cent. 

03470, dissolved in 20 c.c. of ethyl acetate, gave in a 2-dem, tube 
a - 0°50’, whence [a], — 24°0°. 

The /-mandelonitrile glucoside is accompanied in the wild cherry 


s 2 
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bark by an enzyme, which .may be obtained by adding to a coli 
aqueous infusion of the bark a large volume of strong alcohol. The 
precipitate thus produced is a light-coloured, amorphous powder, readily 
soluble in cold water. It contains a large proportion of inorganic 
material, but readily hydrolyses B-glucosides. 


Summary. 


The results of this investigation may be summarised as follows ; 

The material employed, consisting of the air-dried bark of Prunus 
ssrotina, Ehrhart, yielded on maceration with water an amount of 
hydrogen cyanide corresponding to about 0-075 per cent. of its weight. 
It contains a relatively small amount of a cyanogenetic glucoside, 
which has been shown to be /-mandelonitrile glucoside, C,,H,,0,N 
(m. p. 145—147°; [a], —29°6°), and the latter has also been obtained in 
the form of its tetra-acetyl derivative (m. p. 136—137° ; [a], — 240%, 
An enzyme which bydrolyses B-glucosides is also present in the bark, 

An alcoholic extract of the bark, when distilled with steam, yielded 
small amounts of benzoic acid and an essential oil, but no hydrogen 
cyanide. The essential oil distilled between 100° and 120°/15 mm, 
and possessed an odour quite distinct from that of benzaldehyde. The 
non-volatile constituents of the bark, as obtained after treating the 
alcoholic extract with steam, consisted of a green resin, insoluble in 
either hot or cold water; a brown resin, readily soluble in the hot 
aqueous liquid, but which was slowly deposited on standing ; and 
material which remained dissolved in the cold aqueous liquid. The 
green resin, amounting to about 1 per cent, of the weight of the bark, 
yielded a phytosterol, C,,H,,O (m. p. 135—136°; [a], —340°; 
palmitic, stearic, oleic, and linolic acids, with apparently a very little 
isolinolenic acid ; a small amount of ipuranol, C,,H,,0,(OH),, melting 
at 285—290°; and, after acid hydrolysis, oleic acid, dextrose, and 
B-methylesculetin, C,,H,O, (m. p. 204°). The brown resin, likewise 
amounting to about 1 per cent. of the weight of the bark, yielded, 
after acid hydrolysis, a trace of a phytosterol, small amounts of oleic 
acid, B-methylesculetin, and dextrose, together with insoluble, red, 
resinous material, which, on fusion with potassium hydroxide, gave 
formic, acetic, butyric, and protocatechuic acids. The portion of the 
alcoholic extract of the bark which was soluble in cold water, and 
from which the above-described resins had been removed, contained 
I-mandelonitrile glucoside, together with a quantity of sugar and 
tannin. It yielded, furthermore, benzoic, trimethylgallic, and p-coumari¢ 
acids, traces of a substance melting at 240—241°, and, after heating 
with dilute sulphuric acid, /-mandelic acid and f-methylesculetin 
were obtained. The two latter compounds were evidently formed 
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by the hydrolysis of 7 mandelonitrile glucoside and methylesculin 


respectively. 


In conclusion, the authors desire to express their thanks to 
Dr. 8. J. M. Auld for having kindly provided them with a small 
specimen of J-mandelonitrile glucoside, obtained by the partial 
hydrolysis of amygdalin. 


Taz WELLCOME CHEMICAL RESEARCH LABORATORIES, 
Lonpon, E.C. 


XXXIUI.—The Formation and Reactions of Imino-com- 
pounds. Part VIII. The Formation of Methyl 
Derivatives of 2-Phenyl-1 : 3-naphthylenediamine 
from the Three Tolylacetonitriles. 


By Srantey Ropert Best and Jocetyn Fieip THORPE. 


In a former communication (Trans., 1907, 91, 1687) dealing with the 
behaviour of ethyl B-imino-a-cyano-y-o-tolylbutyrate (I), ethyl B-imino- 
a-cyano-y-m-tolylbutyrate (II), and ethyl #-imino-a-cyano-y-p-tolyl- 
butyrate (IIT) towards cold concentrated sulphuric acid, it was shown 
CH, CH, 
Me \/ YC:NE (Y \one 
i eins Me) / ea 
CN UN 
(II.) (III.) 
that the position of the methyl group exerted a remarkable effect on 
their transformation into ethyl 1-methyl-5 : 7-naphthylenediamine- 
6-carboxylate (IV), ethyl 2-methyl-5 : 7-naphthylenediamine-6-carb- 
oxylate (V), and ethyl] 2-methyl-6 :8-naphthylenediamine-7-carboxylate 
(VI) respectively. 


A CB OSS 
oN Way LA © ssias Me, lar 00, iat 


H, Hy 
(IV.) (V.) (VI.) 
Thus from the ortho- (I) and para- (Il) derivatives only a small 
yield of the corresponding naphthalene derivatives was obtained, 
Whereas the transformation of the meta-compound (III) was almost, 
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quantitative. It was suggested at the time (Joc. cit., p. 1695) that, 
as regards the ortho- and para-imino-niiriles, it was evidently the 
meta-position of the methyl group, with respect to the carbon atom at 
which ring formation was bound to ensue, which exerted a hindering 
effect on the formation of the naphthalene ring ; because in the case 
of the meta-derivative, in which ring formation was proved to take 
place at the carbon atom in the para-position with respect to the 
methyl group, no hindrance was apparent. In order to gain further 
evidence on this point, we have therefore studied the intramolecular 
condensation of the three tolylacetonitriles (compare Trans., 1907, 
91, 1282), and have obtained -imino-a-cyano-ay-di-o-tolylpropans 
(VII), B-imino-a-cyano-ay-di-m-tolylpropane (VIII), and B-imino-+ 
cyano-ay-di-p-tolylpropane (X1). 

During the preparation of these compounds it was at once apparent 
that the presence of the methyl group in the three tolylacetonitriles 
also exerted a marked effect on the formation of the imino-nitriles, 

The same influence had been noticed in the condensation of the 
three tolylacetonitriles with ethyl cyanoacetate (Trans., 1907, 91, 
1687), for in these cases it was found that, whereas the o- and p-tolyl- 
acetonitriles gave a yield of about 40 per cent. of the condensation 
products, p-tolylacetonitrile gave as much as 60—65 per cent. of the 
theoretical amount. 

In just the same way p-tolylacetonitrile undergoes almost complete 
intramolecular condensation, and scarcely any unchanged nitrile can 
be recovered from the product, whilst under the most favourable 
conditions the imino-nitriles from o- and m-tolylacetonitrile cannot be 
obtained in yields greater than 35—40 per cent. of the theoretical 
quantity. 

The hindering influence of the position of the methyl group on the 
formation of the naphthalene ring when this group is in the meta- 
position with respect to the carbon atom at which ring formation 
must ensue is again clearly indicated by the behaviour of the three 
B-imino-a-cyano-ay-ditolylpropanes towards concentrated sulphuric 
acid ; thus, 8-imino-a-cyano-ay-di-o-tolylpropane (VII) and f-imino-c- 
cyano-ay-di-p-tolylpropane (VIII), compounds in which ring formation 


Me CH, 

A \/\co:nH 

ee CHC H,Me (0) 
ON 


(VIL. ) 


has to take place in the meta-position with respect to the methy! 
group, yield, on treatment with sulphuric acid, scarcely 10 per cent. 
of the theoretical quantity of 6-0-tolyl-l-methyl-5 : T-naphthylene 
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diamine (IX) and 7-p-tolyl-2-methyl-6 :8-naphthylenediamine (X) 
—" 


/\w, i. \’ \NH, 


| | JosHMe (0 M O,H,Me 
a oti VA (?) 
ae ) Py ‘ 
On the other hand, B-imino-a-cyano-ay-di-m-tolylpropane (XI) gives 
as much as 80 per cent. of 6-m-tolyl-2-methyl-5 : T-naphthylenediamine 
(XII) under the same experimental conditions. 


CH, 
Me/ \/\ecae Me( \/ NyH, 


| | e(m | | 6 \m 
, OHO ;H Me (m) A, SoH Me (m) 
CN NH, 


(XI.) (XII. ) 

The ring formation in this case is represented as taking place in the 
para-position with respect to the methyl group in the henmene ring, 
although it is, of course, possible that it might ensue in the ortho- 
position to this group, marked in the above formula by an asterisk. 
The point was dealt with in a former paper (Trans., 1907, 91, 1692) 
regarding the transformation of ethyl -imino-a-cyano-y-m-tolyl- 
butyrate into ethyl 2-methyl-5 : 7-naphthalenediamine-6-carboxylate, 
and the position of the methyl group was proved by the oxidation of 
the naphthalene derivative to 4-methylphthalic acid by means of 
chromic acid. The formation of the same acid from the base derived 
from 8-imino-a-cyano-ay-di-m-tolylpropane under the same experi- 
mental conditions clearly showed the correctness of the formula given 
above. 

During the course of this investigation considerable quantities of 
the methyl derivatives of pyrimidine, analogous to cyanbenzyline, have 
been isolated. | Cyanbenzyline (6-amino-5-phenyl-2 : 4-dibenzyl- 
pyrimidine) (XIII) is formed when phenylacetonitrile is treated 
cither in alcoholic solution with sodium ethoxide or in xylene solution 
with metallic sodium (compare Trans. 1906, 89, 1931; 1907, 91, 
1287), and in the same way the’ three 6-amino-5-tolyl-2 : 4-dimethyl- 
benzylpyrimidines of the general formula (XIV) have been isolated. 
OH,Ph-O< NOCH YP 

(XIII) 


CH, Me-CH,-C<N-O(CHs'Col Me) ‘}>c: O,H,Me 


O(NH 
(XIV.) 
The intramolecular condensations of the three nitriles were carried 
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out both in xylene solution by means of “ molecular” sodium and jy 
alcohol solution in the presence of sodium ethoxide, but in the former 
case a small quantity of alcohol was added to the xylene, since it haj 
been found (Trans., 1908, 93, 176) that the presence of traceg of 
sodium ethoxide materially increases the quantities of imino-nityj) 
formed. 

The pyrimidine derivative is produced to a very much greater 
extent in the alcohol experiment than in xylene, and is usually 
separated in a crystalline condition from the solution on cooling. (hy 
the other hand, the xylene experiment yields the larger quantity of 
imino-nitrile, but scarcely any of the pyrimidine derivative. 

It is worthy of note that, whereas the pyrimidine derivatives ar 
formed in considerable quantities from o- and p-tolylacetonitrile, 
m-tolylacetonitrile yields only a very small quantity of this substance, 


EXPERIMENTAL. 
The Intramolecular Condensation of the Three Tolylacetonitriles, 


The imino-nitriles from the three tolylacetonitriles can be prepared 
either by the action of ‘ molecular” sodium on a xylene solution of the 
tolylacetonitrile containing a trace of alcohol, or by the action of 
sodium ethoxide on an alcoholic solution of the nitrile. Since the 
methods adopted were the same in the case of the three nitriles, 
it will be sufficient to describe the details of the processes once only, 

In Xylene Solution.—5°7 Grams of sodium were melted under a 
little xylene contained in a small flask, and brought to a fine state of 
division by shaking. The xylene was then poured off, the finely- 
divided sodium washed with dried xylene, and finally mixed with 
75 c.c. of the hydrocarbon containing 1 ¢.c. of ethyl alcohol. Sixty- 
five grams of the tolylacetonitrile were then added, and the mixture 
was heated on the water-bath until all sodium had passed into solution. 
Water was then added, and, after having been acidified by means 
of acetic acid, the whole was distilled in a current of steam until 
all xylene and unchanged tolylacetonitrile had passed over. The 
residue was extracted with ether, the ethereal solution vigorously 
shaken with dilute hydrochloric acid to remove the pyrimidine 
derivative, then with dilute sodium carbonate solution, and finally 
dried and evaporated. The imino-nitrile was further purified by 
distillation under diminished pressure. 

In Alcohol Solution—5:7 Grams of sodium were dissolved in 70 
grams of alcohol, and the solution mixed with 65 grams of the tolyl- 
acetonitrile, the mixture being heated on the water-bath for two 
hours. In spite of the fact, already mentioned, that the three tolyl 
acetonitriles condense with themselves with varying degrees of 
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readiness, it was not found possible to increase the yield by prolong- 
ing the above reaction, since in all three cases further heating merely 
led to the “alcoholysis” of the unchanged nitrile with the formation 
of ethylamine. The alcoholic solution, after being heated for the 
above length of time, deposited:in all three cases a quantity of the 
erystalline pyrimidine derivative on cooling. This was collected 
by filtration, and the alcoholic solution, after being mixed with water 
and acidified with acetic acid, was distilled in a current of steam until 
all unchanged tolylacetonitrile had passed over. The residue was then 
extracted with ether, the ethereal solution washed with dilute hydro- 
chloric acid to remove any remaining pyrimidine derivative, and then 
with dilute sodium carbonate, being finally dried and distilled free 
from ether. The imino-nitrile was purified by distillation under 
diminished pressure. 

Of the two methods, that carried out in xylene solution is to be 
recommended if the imino-nitrile is the product desired, since less of 
the pyrimidine derivative is formed under these conditions, and 
the end-point of the reaction is easily ascertained by the fact that all 
sodium has passed into solution; moreover, there is little or no 
tendency for the unchanged nitrile to ‘‘alcoholyse” under the 
conditions of the experiment. If, however, the pyrimidine derivative 
is desired, the method involving the use of alcoholic sodium ethoxide is 
the most suitable. 


B-Imino-a-cyano-ay-di-o-tolylpo pane, 
C,H,Me-CH,-C(:NH)-CH(CN)°C,H,Me. 


The crude imino-nitrile, prepared by either of the above processes, is 
a viscid liquid which, on rapid distillation, yields a fraction boiling at 
270—280°/18 mm. : 

01922 gave 0:5793 CO, and 0:1211 H,O. C=82:20; H=7°0. 

C,,H,,N, requires C = 82°4; H=6°9 per cent. 

The compound is a thick syrup which shows no signs of solidifying. 
Its constitution was proved by the following experiment: Five grams 
of the imino-nitrile were added to an alcoholic solution of one and 
ahalf times the calculated quantity of potassium hydroxide, and the 
solution boiled on the water-bath until the odour of ammonia was no 
longer apparent. Water was then added and the alcohol evaporated, 
when the solution, on being acidified, gave a crystalline precipitate 
which, when recrystallised from water, yielded long needles melting 
at 88° ; 

01876 gave 0°4937 CO, and 0:1167 H,O. C=71:'78; H=6°91. 

C,H,,0, requires C= 72°00 ; H=6°7 per cent. 
The compound is therefore o-tolylacetic acid, ©,H,Me*CH,°CO,H. 
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The yield of the pure imino-nitrile represented 40 per cent, of 
the theory. It was thought that the low-boiling fraction, whic) 
distilled fairly constantly at 235—240°/18 mm., might contain the 
ketone corresponding with the imino-nitrile. This substance might be 
expected to have been formed during the process of the condensation, 
since in the analogous experiment with phenylacetonitrile unde 
similar conditions considerable quantities of a-cyanodibenzy] ketong 
were isolated. No crystalline product, however, could be obtained 
from the low-boiling fraction, and the amount of substance at ow 
disposal was too small for an extended investigation, 


6-Amino-5-0-tolyl-2 : 4-di-o-methylbenzylpyrimidine, 
N:C(CH,°C,H,Me 
C,H, Me-CH,-0<y'O(CHs Gat P CCH Me. 


This substance is precipitated in a crystalline condition during the 
process of the condensation of o-tolylacetonitrile by means of alcoholic 
sodium ethoxide, and can be obtained by filtering the solution before 
distilling in steam. It is, moreover, recovered in the xylene experi- 
ment on washing an ethereal solution of the product, after steam 
distillation, with dilute hydrochloric acid. During this process the 
hydrochloride of the pyrimidine derivative, which is insoluble in 
dilute hydrochloric acid, forms a third layer in the separating funnel 
midway between the ethereal solution and the aqueous layer. It can, 
therefore, be readily separated and converted into the free bas 
by warming on the water-bath with dilute sodium carbonate solution. 
The pyrimidine derivative obtained in this way separates from alcohol 
in small, colourless needles melting at 140—141°: 

0°1835 gave 0°5540 CO, and 071144 H,O. C=82°35 ; H=6°92. 

C,,H,,N, requires C= 82:4 ; H=6°9 per cent. 

The base is similar in its properties to cyanbenzyline, and when 
treated with concentrated hydrochloric acid forms'a gummy hydro- 
chloride which could not be obtained crystalline. 


2 6-0-Tolyl-1-methyl-5 : 7-naphthylenediamine, 


In order to prepare this substance, five grams of B-imino-a-cyano-ay 
di-o-tolylpropane were mixed with 30 grams of cold concentrated 
sulphuric acid, and the dark red solution was kept at the ordinary 
temperature for five minutes. On pouring the strongly acid solution 
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cent, of Mon ice, a small quantity of a bulky precipitate separated, which was 


1, Which fitered and the clear filtrate rendered alkaline with ammonia. The 
tain the fmm oil which separated set to a resin on cooling, and when crystallised 
night be [Mg from methyl alcohol yielded colourless plates melting at 136°: 


0:1845 gave 05569 CO, and 01184 H,O. C=82:3; H=7'1. 
C,,H,,N, requires C= 82:4 ; H=6-9 per cent. 

The base is readily soluble in ethyl and methyl alcohol, benzene or 
chloroform, and sparingly so in light petroleum (b. p. 60—70°), from 
which solvent it can, however, be crystallised. It rapidly becomes 
coloured red on exposure to the air, and is obtained in yields amounting 
about 10 per cent. of the theory. The other products of the reaction 
are the bulky precipitate already mentioned, due evidently to the 
presence of some a-cyano-di-o-methyldibenzyl ketone in the imino- 
empound used, and a phenolic base, which is precipitated with 
the naphthalene derivative, but is insoluble in methyl alcohol. 

This compound is evidently analogous to the similar compounds ob- 
tained in the transformation of ethyl B-imino-a-cyano-y-o-tolylbutyrate 
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pri and ethyl f-imino-a-cyano-y-p-tolylbutyrate into the corresponding 
steam a ™phthalene derivatives (compare Trans., 1907, 91, 1694) ; their con- 
ess the fae ‘titutions have not yet been determined. 
able ia The dihydrochloride, C,,H,,.N,,2HCI, is precipitated on adding con- 
funnel) fgg “trated hydrochloric acid to a cold solution of the base in alcohol. 
It can, It forms colourless plates from concentrated hydrochloric acid : 
6 base 02178 gave 0°1849 AgCl. Cl=21-00. 
lution. C,,H,,N.,2HCl requires Cl= 21°19 per cent. 
alcohol The diacetyl derivative, C,,H,,N,(Ac)., is prepared by the action of 

acetyl chloride on the base. One gram was boiled with acetyl chloride 
99. on the water-bath until all had passed into solution, when excess of 

chloride was removed by evaporation. The diacety! derivative remained 
i when #2 colourless, gummy mass, which became solid on rubbing with 
hydro. alcohol. On recrystallisation from alcohol, it formed microscopic 

i, veedles melting at 245°: 
01901 gave 0°5303 CO, and 0°1095 H,O. C=76°07; H=6°4, 
C,,H..0,N, requires C=76°3 ; H=6°3 per cent. 
B-Imino-a-cyano-ay-di-m-tolylpropane, 
C,H,Me-CH,°C(:NH)-CH(CN):-C,H,Me. 
When prepared by either of the methods given on page 264, this imino- 

An0-4y- nitrile is a viscid oil, which, when rapidly distilled, gives a principal 
trated ME ‘action boiling at 275—280°/18 mm. : 
dinary 01762 gave 0°5309 CO, and 01115 H,O. C=82:17; H=7-03, 
olution C,,H,,N, requires C= 82°4; H=6°9 per cent. 
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As in the case of its isomeride, this substance is a viscid, colourless 
oil which could not be obtained crystalline. In order to prove it 
constitution, 5 grams were dissolved in alcohol and added to » 
alcoholic solution containing one and a-half times the calculated quantity 
of potassium hydroxide, the mixture being heated on the water-bath 
until the odour of ammonia ceased to be apparent. The solution was 
then freed from alcohol by evaporation, and acidified by means of 
hydrochloric acid. The resulting white precipitate yielded colourles 
needles melting at 61° when recrystallised from water : 

0°2011 gave 0°5294 CO, and 0°1229 H,O. C=71°82; H=6°79. 

C,H,,0, requires C=72°00 ; H=6°7 per cent. 

The compound is therefore m-tolylacetic acid, C,H,Me*CH,°C0,H. 

The yield of the imino-nitrile is about the same as in the case of the 
ortho-derivative, being about 38 per cent. of thetheory. Only asmll 
quantity of low-boiling fraction was obtained, from which, however, no 
definite product could be isolated. 


6-Amino-5-m-tolyl-2 : 4-di-m-methylbenzylpyrimidine, 
N 
C,H,Me-OH,"C<y 


:C(CH,*C,H,Me) 


CN H,)7C' CoH Me. 


This compound is formed with very much less readiness than either 
the ortho- or para-derivative. A small quantity is precipitated ina 
crystalline condition during the intramolecular condensation of 
m-tolylacetonitrile in the presence of sodium ethoxide, and a further 
quantity can be obtained on washing the product from the “ xylene” 
experiment with dilute hydrochloric acid. The base derived from the 
latter experiment was, however, always obtained as a viscid oil which 
showed no tendency to crystallise, and it was only after some crystals 
had been obtained in the “ alcohol’ experiment, which started crystal- 
lisation when added to the oil, that it could be induced to solidify. The 
compound crystallises from alcohol in small needles melting at 147°, 
but it will only separate in the crystalline form when a crystal is 
present ; in fact, the compound exhibits very little tendency to 
crystallise : 

0°1834 gave 05549 CO, and 0°1136 H,O. C=82°52; H=6°88. 

C,,H.,N, requires C=82°4; H=6°9 per cent. 

The base shows the characteristic property of these compounds, 
namely, when mixed with concentrated hydrochloric acid it at once 
becomes gummy. 

The hydrochloride, C,,H,,N,,HCl, can be obtained in a crystalline 
condition by adding concentrated hydrochloric acid to a cold solution 
of the base in alcohol, when it separates after some time in colourless 
needles. 
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6-m-7olyl-2-methyl-5 : 7-naphthylenediamine, 
Me ¥ \NH, 
he / oo Me ° 
NH, 

This base, which is formed in larger yields than either the ortho- or 
derivatives, is best prepared in the following way: Five grams 
were added to well-cooled concentrated sulphuric acid, and the dark- 
coloured solution was allowed to remain at the ordinary temperature for 
tn minutes. At the end of this time, it was poured on ice, and the 
solution freed from a small quantity of insoluble matter by filtration. 
The clear solution on being rendered alkaline with ammonia, deposited 
a oil which set to a resin on cooling. Although readily soluble in 
nethyl alcohol, the compound could not be separated in a crystalline 
condition, and it was only after the solution had remained for some 
weeks that crystals were ultimately obtained. The base forms 

lightly coloured, small plates melting at 143°: 

01853 gave 0°5577 CO, and 01172 H,O. C=82:07; H=7:02. 

C,,H,,.N, requires C=82°4; H=6°9 per cent. 

The compound rapidly becomes coloured red on exposure, and is 
obtained in yields of about 80 per cent. It is the most difficult to 
obtain crystalline of all the bases of this type yet investigated ; 2-pheny]- 
1;:3-naphthylenediamine itself, as well as the methyl derivatives 
described in this communication, are all precipitated in a resinous 
condition, but, excepting the meta-compound mentioned above, they 
can all easily be obtained in a crystalline form. For working with 
these compounds it is not, however, necessary to use the crystalline 
substance, since the resins are quite pure if they are obtained by adding 
water to a clear alcoholic solution of the base. 

The resin when set can be ground to a powder and dried in just the 
same way as a crystalline solid. The following analysis of the resin 
derived from the meta-compound in this way illustrates the above 
point : 

01747 gave 0°5262 CO, and 01107 H,O. C=82:13; H=7:04. 

C,,H,.N, requires C =82°4 ; H=6°9 per cent. 

The dihydrochloride, C,,H,,N,,2HCl, can be obtained in white, 
microscopic needles on dissolving the base in concentrated hydrochloric 
acid and keeping the solution for some time : 

02135 gave 0'1811 AgCl. Cl=20-99. 

C,,H,,.N.,2HCl requires Cl= 21°19 per cent. ' 

The diacetyl derivative, C,,H,,N.(Ac),, can be prepared by boiling 

the base with acetyl chloride until all has dissolved, and then 
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evaporating the excess of chloride on the water-bath. The diacety| 
derivative remains as a colourless gum, which, when dissolved jp 
alcohol and the solution diluted with water, yields colourless needy 
melting at 235°: 

0°1861 gave 0°5195 CO, and 0:1876 H,O. C=76':14; H=6-40, 

C,,H,,0,N, requires C=76°3 ; H=6°3 per cent. 

Oxidation of 6-m-tolyl-2-methyl-5 : 7-naphthylenediamine to 4-Methy). 
phthalic Acid.—This oxidation was carried out in order to establish 
the constitution of this naphthalene derivative, since, although it was 
very probable that ring formation would ensue in the para-position 
with respect to the methyl group in the same way as in the cay 
of ethyl f-imino-a-cyano-y-m-tolylbutyrate (Trans., 1907, 91, 1705), 
yet it was possible that in the present case ring formation might take 
place in the ortho-position with respect to the methyl group with the 
formation of 7-m-tolyl-1-methyl-6 : 8-naphthylenediamine. The oxida- 
tion was effected in the same way as described in the case of 
ethyl B-imino-a-cyano-y-m-tolylbutyrate. Ten grams of the base were 
dissolved in excess of dilute sulphuric acid and the solution heated to 
boiling. Twenty-five grams of potassium dichromate were then 
dissolved in water and the two hot solutions mixed, the whole being 
finally heated for a few minutes on the sand-bath. The dark-colourel 
precipitate was then filtered and dried on a porous plate, after which 
it was extracted thoroughly with ether. 

The substance insoluble in ether was then boiled with sodium 
carbonate solution and filtered, when the alkaline solution, on acidify- 
ing, deposited a solid acid which crystallised from water in colourless 
prisms melting at 152°: 

0°1992 gave 05243 CO, and 01216 H,O. C=71:78; H=6-78. 

C,H,,O0, requires C=72°0 ; H=6°7 per cent. 

The acid is therefore 4-methylphthalic acid (compare Niementowski, 
Monatsh., 1891, 12, 624, and Young, Ber., 1892; 25, 2108). The 
acid was further characterised by converting it by means of acetyl 
chloride into its anhydride melting at 92°. 


B-Imino-a-cyano-ay-di-p-tolylpropane, 
C,H,Me-CH,°C(:NH)-CH(CN)-C,H,Me. 


p-Tolylacetonitrile undergoes intramolecular condensation much 
more readily than either its ortho- or meta-isomeride, and whet 
either of the methods described on p. 264 are employed, scarcely any 
unchanged nitrile is recovered from the product. When the con 
densation is carried out in alcohol solution, about one-third of the 
product consists of the pyrimidine derivative, and the reaction i8 
characterised by the fact that when the nitrile is added to the 
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solution of sodium ethoxide, an intense purple colour is produced, 
which, however, disappears on heating. When xylene is the solvent 
used, scarcely any of the pyrimidine derivative is formed, and the 
jmino-nitrile is obtained in yields representing 85 per cent. of the 
theoretical. When prepared by either method the imino-nitrile is 
a viscid oil, which distils without appreciable decomposition at 
980—283°/18 mm. as a colourless syrup showing no tendency to 
erystallise : 

0:1850 gave 0°5562 CO, and 0°1169 H,O. C=81'98; H=7-02. 

C,,H,,.N, requires C=82°4; H=6°9 per cent. 

The constitution of the compound was proved, as in the previous 
cases, by alkaline hydrolysis, but much greater difficulty was met with 
in this instance in bringing about the fission of the chain than in any 
of the other cases recorded. The complete hydrolysis was, however, 
ultimately effected in the following way: Five grams were added 
to an alcoholic solution containing three times the calculated quantity 
of potassium hydroxide contained in a reflux apparatus, and the 
mixture was heated on the water-bath for twenty-four hours. At the 
end of this time, water was added, and the solution further heated on 
the sand-bath until the odour of ammonia was no longer apparent, 
when dilute hydrochloric acid was added, and the oily mass which 
separated was extracted with ether. The ethereal extract was then 
shaken with sodium carbonate solution, and the alkaline extract 
acidified. In this way a white solid was obtained which, when 
recrystallised from water, yielded colourless needles melting at 91°: 

01916 gave 0°5039 CO, and 01173 H,O. C=71'72; H=6°80. 

C,H,,0, requires C=72°0 ; H=6°7 per cent. 
The acid is therefore p-tolylacetic acid, C,H,Me*CH,°CO,H. 


6-Amino-5-p-tolyl-2 : 4-di-p-methylbenzylpyrimidine, 
C,H,Me-OH,-0<N:C(CHs CoH fH j> CCH, Me. 


This compound is not precipitated during the condensation of 
ptolylacetonitrile in alcoholic solution, as is the case with the ortho- 
and meta-derivatives, and has to be extracted from the ethereal 
solution of the condensation product, after distillation with steam, 
by means of hydrochloric acid (see p. 266). The hydrochloric acid 
washings yield the pyrifmidine base, on treatment with sodium 
carbonate solution, as a white, crystalline precipitate, which, when 
recrystallised from either methyl alcohol or light petroleum (b. p. 
70—80°), yields colourless, concentric needles melting at 117—120°. 
The melting point is not sharp, but repeated recrystallisation from 
light petroleum fails to alter it: 
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01888 gave 05705 CO, and 01165 H,O. C=82:40; H=6:85, 
C,,H,,N, requires C=82°4 ; H=6°9 per cent. 

When added to concentrated hydrochloric acid the crystalline bage 
at once forms an insoluble gum. 

The hydrochloride, C,,H,,N,,HCl, can be obtained in a crystalline 
condition by adding a little concentrated hydrochloric acid to q 
solution of the base in alcohol, and allowing the solution to stand, 
It forms white needles. 


7-p-Tolyl-2-methyl-6 : 8-naphthylenediamine, 
A Ne 


= 
ie 
N 


Me C,H,Me. 


2 


The yield of this base from the imino-nitrile is scarcely more than 
9 per cent. of the theory, the method found most convenient for its 
formation being as follows: Ten grams of f-imino-a-cyano-ay-di-p. 
tolylpropane were added to 60 grams of well-cooled concentrated 
sulphuric acid, and the dark red solution, after being kept at the 
ordinary temperature for fifteen minutes, was poured on ice. The 
aqueous solution was then filtered from a small quantity of insoluble 
matter, and the filtrate rendered alkaline with ammonia, when a large 
quantity of resinous matter was precipitated. On treatment with hot 
methyl alcohol, only a small portion of this dissolved, and the solution 
on filtering and cooling deposited the base in colourless, glistening 
plates melting at 160°: 

0°1828 gave 0:5542 CO, and 01080 H,O. C=82°67; H=6°. 

C,,H,.N, requires C= 82°4; H=6-9 per cent. 

The base becomes coloured red on exposure to the air, and is 
appreciably less soluble in solvents than the ortho- or meta-derivatives. 
The compound insoluble in methyl alcohol mentioned above, which is 
the chief product of the reaction, evidently belongs to the same series 
as those prepared under similar conditions from compounds in which 
the formation of the naphthalene ring is also hindered. Their nature 
has not as yet been determined. 

The dihydrochloride, C,,H,,N.,2HCI, is prepared by dissolving the 
base in concentrated hydrochloric acid and allowing the solution 
to stand. It forms colourless plates : : 

0°2284 gave 0°1940 AgCl. Cl=21-01. 

C,,H,,N,,2HCl requires Cl= 21°19 per cent. 

The diucetyl derivative, C,,H,,N,(Ac),, is best prepared by the 
action of acetyl chloride. The base was boiled with this substance 
until all had passed into solution, when the diacetyl derivative 
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remained as a viscid gum on evaporating the excess of chloride 
on the water-bath. It separates slowly from dilute alcohol in clusters 
of microscopic needles, melting at 176° : 
0:1768 gave 0°4941 CO, and 0°1027 H,O. C=76'21; H=6-45. 
C,,H,,N. requires C=76°3 ; H=6"4 per cent. 


Much of the expense entailed by this research has been met by 
a grant from the Government Grant Committee of the Royal Society, 
for which we desire to express our indebtedness. 


Tur UNIVERSITY, 
MANCHESTER. 


XXXIV.—Formation. of Heterocyclic Compounds. 
Part I. 1-Phenylpyrrolidine-2 : 5-dicarboxylic Acid 
from Adipie Acid. 

By Henry Ronpex Le Sueur. 


(oNSIDERABLE quantities of muconic acid being required for an 
investigation in connexion with this substance, the action of diethyl- 
aniline on ethyl aé-dibromoadipate was tried, in the hope that two 
molecules of hydrogen bromide would be eliminated from the latter 
substance with production of the ester of the desired acid. It was 
soon seen, however, that the action of diethylaniline in this case was 
not the normal one, as a considerable quantity of ethyl bromide was 
liberated during the reaction. Since ethyl bromide was also obtained 
by the action of diethylaniline on methyl ad-dibromoadipate, it, was 
clear that the ethyl group arose from the diethylaniline and not from 
the ester. This led to the study of the action of monoethylaniline on 
ethyl a3-dibromoadipate, and the results obtained form the subject of 
this communication. 

The action of diethylaniline on ethyl a-dibromoadipate is being 
studied fully, and the results obtained will be communicated in due 
course, 

Ethyl a3-dibromoadipate has been prepared previously by Willstitter 
and Lessing (Ber., 1902, 35, 2065), who also obtained a liquid by- 
product which they regarded as a liquid form of the solid ester, but 
which they could not obtain in the pure state. The pure liquid ethyl 
w-dibromoadipate has now been obtained, and is undoubtedly stereo- 
isomeric with the solid form, since, on keeping the former, it is partly, 
but not entirely, converted into the latter. 

VOL. Xoy, - 
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When ethyl ad-dibromoadipate is heated with an excess of mono. 
ethylaniline, a 62°5 per cent, yield of ethyl 1-phenylpyrrolidine2:5. 
dicarboxylate (1) is obtained, together with a small quantity of efhy| 
diethylanilimoadipate (II) : 

/PR(CO, Et) CH, C,H,*N(C,H;)*CH-CO, Et 


C,H,"N (CH,], 
cH(CO, Bt) CH, CoHis’N(C3H,)-OH “00K 


6 


Hydrogen bromide is also eliminated, and combines with the exces 
of monoethylaniline to form the crystalline hydrobromide of this base, 

The formation of the above pyrrolidine ester might result from 
a direct condensation of one molecule of monoethylaniline with on 
molecule of the ethy! dibromoadipate. 


CH:-CO,Et 
C,H,N (CH,  +HBr+0,H,Br 
H:CO, Et 

This is not the case, however, as no ethyl bromide could be detected 
at any stage of the reaction ; moreover, the whole of the bromine is 
eliminated as hydrogen bromide, as was proved by the fact that the 
weight of monoethylaniline hydrobromide actually obtained accounted 
for 93 per cent. of the total bromine, whereas if the reaction had 
taken place according to the above equation, only half of the bromine 
would have been recovered in this form. 

In view of this fact, and that ethyl aé-diethylanilinoadipate was 
isolated from the products of the reaction, it is very highly probable 
that this latter substance is first formed, and that it loses diethyl 
aniline with production of the pyrrolidine ester : 


; = 


BriGH-CO,Et 
O,H,"N(0,H,)*CH-CO,Et 
[CH], + 2HBr 
O,H*N(0,H,)CH-CO,Bt 


Y 
CH:-CO,Et 
| 
C,H;"N [CH], + C,H,"N(C,H;): 
CH:-CO,Et 


gH Br. 
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This ready formation of a ring compound from an open chain of six 
carbon atoms is no doubt due to the close proximity of the end carbon 
atoms, and also to the stability of five-membered ring compounds in 
general. 

A reaction similar to the one described above enabled Willstitter 
and Lessing (loc. cit.) to prepare 1-methylpyrrolidine-2 : 5-dicarboxylic 
acid, but it appears that the formation of heterocyclic compounds from 
open-chain compounds and more particularly dicarboxylic acids has 
not been studied systematically, and this investigation is now being 
carried out. 


EXPERIMENTAL, 


The adipic acid used in this investigation was obtained by the 
oxidation of cyclohexanol with concentrated nitric acid (Bouveault, 
Bull. Soc. chim., 1908, [iv], 3, 437); this method is much more rapid 
than that depending on the oxidation of cyclohexanone with potassium 
permanganate, and the yield of adipic acid is 62 per cent. of that 
theoretically obtainable. 

Fifty grams of adipic acid were converted into the dibromo-acid 
chloride by means of phosphorus pentachloride and bromine as 
described in a previous communication (Trans., 1908, 93, 718). The 
resulting dibromo-acid chloride was gradually added to twice its 
volume of absolute alcohol, and the solution allowed to remain over- 
night, at the end of which time 35 grams of ethyl ad-dibromoadipate 
had separated out. This, after recrystallisation from light petroleum, 
melted at 67°, a melting point which agrees with that found for this 
substance by Willstiitter and Lessing (loc. cit., p. 2067) : 

01772 gave 0°1864 AgBr, Br=44-75. 

C,,H,,0,Br, requires Br = 44°44 per cent. 

The alcoholic mother liquor was diluted with a large volume 
of water, extracted with ether, the ethereal solution washed, dried, 
evaporated, and the residue distilled under 33 mm. pressure, when the 
following fractions were obtained : 


a. P- 210—220° 25 grams 

The last two fractions were redistilled together, when 57°4 grams of 
pure ester, boiling at 204—206°, were obtained. A portion collected 
at 204° was analysed : 

0'2264 gave 0°2342 AgBr. Br=44:02. 

C,,H,,0,Br, requires Br = 44°44 per cent. 

The liquid form of ethyl a8-dibromoadipate is a viscid, oily liquid, 
vhich, on keeping, is partly, but not wholly, converted into the solid 
form melting at 67°. The total yield of pure ester, both solid and 

T 2 
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liquid, from 50 grams of adipic acid amounted to 92°4 grams, which 
corresponds with 75°2 per cent. of the theoretical, 

Methyl a8-dibromoadipate was prepared in exactly the same way asthe 
ethyl ester, methy! alcohol being used instead of ethyl alcohol. It jg 
readily soluble in benzene, chloroform, acetone, ether, moderately go 
in alcohol, and sparingly so in light petroleum, from which it crystal. 
lises in long needles melting at 75—76° : 

0°1844 gave 0°2108 AgBr. Br=48°6. 

CO,H,,0,Br, requires Br = 48:2 per cent. 


Action of Monoethylaniline on Ethyl a5-Dibromoadipate. 


Fifty grams of ethyl a5-dibromoadipate and 70 grams of monoethyl- 
aniline were heated together in a flask attached to a reflux condenser 
and immersed in boiling water for thirteen and a-half hours; on 
cooling, a large quantity of a crystalline solid separated ; a large 
quantity of ether was then added to the contents of the flask, which 
were then filtered, and the solid well washed with ether. The solid 
weighed 50 grams, and consisted of the hydrobromide of monoethyl- 
aniline, as was proved by crystallising it from a mixture of alcohol 
and ether, when it melted at 166°. 


Bischoff (Ber., 1897, 30, 3178) gives 165—166° as the melting 
point of the pure substance. 

The ethereal filtrate was evaporated, and the residue again heated in 
boiling water for twenty-eight and a-half hours. The product was 
then dissolved in dilute hydrochloric acid, the solution extracted with 
ether, the ethereal solution well washed with water, dried, evaporated, 
and the residue distilled under 35 mm. pressure : 


224—240° 27 grams A 
240—260 . co 260—286 


The first fraction was redistilled under 30 mm. pressure, when 
24 grams, distilling at 226—230°, were obtained. A portion boiling 
at 227—228° was analysed : 

0:1560 gave 0°3762 CO, and 0°1052 H,O. C=65:77 ; H=7°0. 

01622 ,, 65 c.c. N, (moist) at 15° and 770 mm. N =4'76. 

C,,H,,0,N requires C= 65°98 ; H=7'22; N=4'81 per cent. 

A molecular-weight determination by the freezing-point method 
gave the following results : 

0°6776in 19°1388 naphthalene gave At —0°87°; whence M.W. =281. 

C,,H,,0,N requires M.W. = 291. 

Ethyl 1-phenylpyrrolidine-2 : 5-dicarboxylate, 

Hw CH(CO; Et): CH, 
Cols N<oH(CO, Et)-CH,’ 
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js a pale yellow, oily liquid boiling at 227—228°/30 mm. It is 
insoluble in water, but dissolves readily in all the ordinary organic 
glvents and in concentrated aqueous hydrochloric acid. Its solu- 
tion in chloroform readily absorbs bromine, with evolution of hydrogen 
bromide. 
Methyl 1-phenylpyrrolidine-2 : 5-dicarboxylate, 
0,H,"N <CH(CO,Me) ‘CH, 
CH(CO,Me)-CH,”’ 
was obtained by heating together methyl ad-dibromoadipate (30 grams) 
and monoethylaniline (50 grams), and working up the product exactly 
as described for the preparation of the corresponding ethyl ester. 
The residue left after evaporation of the ethereal solution deposited a 
large amount of crystalline solid. This was separated and crystallised 
from light petroleum, when the methyl ester was obtained in stellar 
aggregates of needles which melted at 88°. 
It is insoluble in water, alcohol or light petroleum in the cold, and 
readily dissolves in ether, chloroform, acetone or benzene, and in hot 


alcohol : 


0'1682 gave 7'5 c.c. N, (moist) at 10° and 756 mm. N=5°31. 
C,,H,,0,N requires N = 5:32 per cent. 


1-Phenylpyrrolidine-2 : 5-dicarboxylic Acid, 
0,8, N< CH(CO,H)-CH, 
CH(CO,H):-CH, 
—-Nine grams of ethyl 1-pyrrolidine-2 :5-dicarboxylate were dissolved in 
a solution of 8°5 grams of potassium hydroxide in 80 c.c. of aleohol and 
2cc. of water, contained in a-flask attached to a reflux condenser, 
and the resulting solution boiled for nine hours. When cold, the 
solution was extracted once with ether in order to remove any 
unchanged ester, and then acidified with dilute sulphuric acid, when 
the acid was precipitated in a crystalline state, and, when dry, weighed 
65 grams, It was recrystallised from a mixture of acetone and light 
petroleum and analysed : 
01574 gave 0°3516 CO, and 0:0798 H,O. C=60:92; H=5°63. 
01674 ,, 8&7 ee. N, (moist) at 14° and 775 mm. N=6°23. 
C,,H,,0,N requires C=61'27 ; H=5-53; N =5-96 per cent. 


1-Phenylpyrrolidine-2 : 5-dicarboxylic acid crystallises from a 
mixture of acetone and light petroleum in well-defined, oblong plates, 
and decomposes with evolution of gas at 252°. It dissolves readily in 
cold aleohol or hot acetone, is insoluble in benzene, light petroleum or 
chloroform, sparingly soluble in cold ether or water, and moderately 
80 in boiling water or concentrated hydrochloric acid. It decolorises 
an acid oralkaline solution of potassium permanganate, and its aqueous 
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solution gives a flocculent precipitate with an aqueous solution of 
bromine. 

The vapour produced by heating the acid alone, or preferably with 
soda-lime, imparts a red colour to a pine shaving which has bee 
previously moistened with hydrochloric acid. 

The molecular weight was determined by dissolving the acid in 
alcohol and titrating with N/10 sodium hydroxide, using phendl. 
phthalein as indicator : 


0°2122 required 17°7 c.c. V/10 NaOH. M.W.=239°6, 
A dibasic acid, C,,H,,0,N, requires M. W. = 235, 


The silver salt was obtained as a white precipitate by adding an ice. 
cold solution of the ammonium salt of the acid to an ice-cold solution 
of silver nitrate, the operation being carried out in the dark. If the 
precipitation is carried out in warm solutions the salt immediately 
decomposes and black, metallic silver is precipitated : 

02540 gave 01214 Ag. Ag=47°80. 

C,,H,,0,NAg, requires Ag = 48°10 per cent. 

The bariwm salt was prepared by carefully neutralising the acid 
with an aqueous solution of barium hydroxide. The solution was 
filtered and, after concentration to a small bulk, alcohol was added, 
when, on cooling, the barium salt separated in stout needles, which were 
collected and dried in the air for several days. The salt is readily 
soluble in water, and is insoluble in absolute alcohol : 


02062 gave 0:0930 BaSO,. Ba= 26°52. 
0°7506 lost 0°2042 at 135°. H,O=27-20. 

C,,H,,0,NBa,8H,0 requires Ba = 26°65 ; H,O = 28:0 per cent. 
CH(CO,H)———CH, 
CH(CO-NHPh)°CH,’ 
boiling the acid with an excess of recently-distilled aniline for six and 
a-half hours. The resulting product was treated with dilute hydro- 
chloric acid, extracted with ether, the ethereal solution washed, dried, 
evaporated, and the residue crystallised from a mixture of chloroform 
and benzene, when the substance was obtained in small needles which 
decompose at 184°. It readily dissolves in an aqueous solution of 
potassium hydroxide, alcohol or acetone, and is but slightly soluble in 
benzene, light petroleum, chloroform or cold water. Its solution in 
hot water has a well marked acid reaction : 

0:1006 gave 7°7 c.c. N, (moist) at 17° and 749 mm.. N=8°76. 
C,,H,,0,N, requires N = 9-03 per cent. 


The monoanilide, C,H,-N< was prepared by 


Ethyl a5-Diethylanilinoadipate, 
CO, Et-CH(NEtPh)-CH,*CH,*CH(NEtPh)-CO,Et. 
—The fraction boiling at 260--286° (see p. 276) was kept for several 
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weeks, at the end of which time it had partly solidified. It was then 
yell pressed on porous plate, and the solid thus obtained crystallised 
from dilute alcohol : 

0'1588 gave 0°4110 CO, and 01190 H,O. C=7059; H=8°32. 

01766 ,, 9°7 cc. N, (moist) at 12°5° and 758 mm. N=6-49. 

0,,H,,0,N_ requires C= 70-90; H=8-18 ; N =6°36 per cent. 

Ethyl a8-diethylanilinoadipate crystallises from alcohol in stout 
prisms melting at 88—90°. It is insoluble in water or light petroleum, 
but dissolves readily in ether, benzene, chloroform, acetone or dilute 
hydrochloric acid. 


CHEMICAL LABORATORY, 
St. THomAs’s HospirAt, 
Lonpon, S.E. 


\XXV.—Derwvatives of Naphthacenequinone. Part II. 


By Dorotnuy Harrop, Rotanp Victor Norris, and 
CHARLES WEIZMANN. 


Ix the last communication on this subject (Trans., 1907, 91, 1588), 
certain derivatives of naphthacenequinone were described which had 
ben obtained from the products of condensation of the two nitro- 
phthalic acids with a-naphthol. The yields obtained by these reactions, 
however, were so unsatisfactory that a new method was sought to ob- 
tain derivatives of naphthacenequinone containing substituent groups 
inthe benzene nucleus, the study of which has always appeared to be of 
considerable interest. Having this object in view, it seemed to us 
that the most suitable derivatives of phthalic acid to employ as 
starting material were di- and tetra-chlorophthalic acids, both of 
which, being technical products, are easily accessible and comparatively 
cheap. 

Finding that the technical dichlorophthalic acid consisted mainly of 
the 3: 6-dichloro-derivative, the suitability of these two acids became 
sill more obvious, because, as will be seen from their formule, 

Cl Cl 
( \co,H a \ 
\Z 

Cl 


‘ch acid contains two chlorine atoms in positions adjacent to the 


C0, H 
00,H | Jco,H ? 
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carboxyl groups, and would therefore, by condensation with a-naphthol 
give rise to chlorinated hydroxynaphthacenequinones, 
Cl CO OH Cl CO OH 
6666 
es AS 
Cl CO 
containing two chlorine atoms in adjacent positions to the carbonyl 
groups. It was to be expected therefore that these chlorine atoms 
would be easily replaceable by other groups, and that such substitution 
products would be the means of preparing a great variety of 
naphthacenequinone derivatives. Our anticipations in this respect 
have, to a great extent, been realised, but the yields obtained in. the 
primary condensation with a-naphthol leave much to be desired. 
The condensation of 3 : 6-dichlorophthalic anhydride with a-naphthol 
in presence of boric acid yields 3 : 6-dichloro-1'-hydroxy-2-B-naphthoyl. 
benzoic acid (m. p. 187°), 


OH 
PLP Ps 


seal ie” 


which on bromination is converted into a monobromo-derivative, 
presumably 3 : 6-dichloro-4'-bromo-1'-hydroaxy-2-B-naphthoylbenzoic aid 
(m. p. 221°). 

These two acids on treatment with sulphuric and boric acids 
yield respectively 7 : 10-dichloro-l1-hydroxynaphthacenequinone and 
7: 10-dichloro-1 : 6-dihydroxynaphthacenequinone, 

Cl CO OH Cl CO OH 
Rha , Oy de ds de? 
an 
“ee YY YS ae” 


the production of the latter being due Pe ie pd an of the 
bromine by the hydroxyl group, which is assumed to be in the para 
position with respect to the first hydroxyl group (Orchardson and 
Weizmann, Trans., 1906, 89, 117). On sulphonation, the dihydroxy- 
compound yields a mordant dye similar to quinizarin. 

By employing 1 : 5-dihydroxynaphthalene in place of a-naphthol in 
the reactions just described, we succeeded in preparing an isomeri¢ 
quinone, namely, 7 : 10-dichloro-1 : 5-dihydroxynaphthacenequinone, 

Cl CO OH 
“cae &? 
a ae 
Cl CO 
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although we were unable to isolate the intermediate naphthoylbenzoic 
seid in a state sufliciently pure for analysis. 

3: 6-Dichloro-1’-hydroxy-2-8-naphthoylbenzoic acid produces with 
jiazobenzene chloride in alkaline solution an azo-dye, which on 
reduction yields 3 : 6-dichloro-4'-amino-1'-hydrosxy-2-B-naphthoylbenzoic 
aid, and this condenses in sulphuric acid solution to the correspond- 
ing 7 : 10-dichloro-6-amino-1 -hydroxynaphthacenequinone, 


Cl CO OH 
‘ea aad -_ ‘ 


| | 
WwW 
G1 GO NH, 


As the chlorine atoms in 7 :10-dichloro-l-hydroxynaphthacene- 
quinone are adjacent to the carbonyl groups, it was anticipated that 
one or both would be easily removed by primary amines, and this was 
proved to be the case, aniline and p-toluidine yielding respectively 
7(10)-chloro-10(7)-anilino-1-hydroxynaphthacenequinoneand 7(10)-chloro- 
10(7)-p-toluidino-1-hydroxynaphthacenequinone, which are crystalline 
substances giving rise on sulphonation to greenish-black dyes. 

In the case of 7: 10-dichloro-1 : 5-dihydroxynaphthacenequinone, 
treatment with aniline appeared to give the dianilino-derivative, Lut 
the product could not be obtained entirely free from chlorine. 

Tetrachlorophthalic acid when condensed with a-naphthol furnishes 
the corresponding 3 : 4:5 : 6-tetrachloro-1'-hydroxy-2-B8-naphthoylbenzotc 
acid (m. p. 212°), 


but the yield is somewhat small, on account of the reaction leading 
also to the formation of the fluoran derivative, 


Go: Oy, He, 
bo, >So >O 
However, it was found that a further quantity of the same acid 
could be obtained by fusing the fluoran with sodium hydroxide at 
high temperatures, one molecule of naphthol being eliminated in the 
process, but curiously enough the chlorine atoms remain intact. The 
acid on being heated with bromine in acid solution yields a monobromo- 
derivative (m. p. 216°). The original acid and its mono-bromo- 
ierivative when heated with sulpharic and boric acids yield respectively 
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the corresponding 7:8 : 9 : 10-tetrachloro-1-hydroxynaphthacenequinong 
and 7:8: 9 :10-tetrachloro-1 : 6-dihydroxynaphthacenequinone : 


Cl CO OH Cl CO OH 
PPPS of YY, 


cll yy, and 
TS NS wa a \/ 
Cl CO Cl CO OH 

Both these quinones when boiled with aniline in the presence of 
boric acid lose two atoms of chlorine, yielding presumably 8 : 9-dichloro. 
7: 10-dianilino-1-hydroxynaphthacenequinone and 8 :9-dichloro-7 :10- 
dianilino-1 : 6-dihydroxynaphthacenequinone respectively : 

PhHN CO OH PhHN CO OH 


4 a i * hy a bee 
| and a | F 


a) \ \/ al AZ WA 
PhHN 6O OH 


EXPERIMENTAL. 


The 3:6-dichlorophthalic acid employed in this research was 
obtained by crystallising technical dichlorophthalic acid from 
glacial acetic acid repeatedly until a product was obtained melting at 
185°. Unless a pure acid is used, the yields obtained in the subse- 
quent reactions are most unsatisfactory. The acid is then distilled 
under diminished pressure, and thus converted into its anhydride. 

3 : 6-Dichloro-1'-hydroxy-2-B-naphthoylbenzoic <Acid.—This acid is 
obtained by heating a mixture of 3:6-dichlorophthalic anhydride 
(108 grams), a-naphthol (72 grams), and boric acid (350 grams) to 
180—190° for three hours. The molten product is poured into water 
and extracted with much warm water to remove boric acid, and the 
semi-solid residue is distilled in a current of superheated steam to 
remove unchanged a-naphthol ; the residue is then boiled with sodium 
carbonate and animal charcoal, the alkaline extract filtered and 
acidified with hydrochloric acid, and the voluminous precipitate 
collected, dried, and purified by crystallisation from acetic acid : 

0:2796 gave 0°6080 CO, and 0°0751 H,O. C=59:3; H=2°08. 

0°1067 ,, 0°0815 AgCl. Cl=18°9. 

C,,H,,0,Cl, requires C=59°8 ; H=2°7; Cl=19°5 per cent. 

3 : 6-Dichloro-1'-hydroxy-2-B- sabi ylbenzoic acid crystallises from 
acetic acid in yellow needles melting at 187°. It is readily soluble in 
alcohol, but sparingly so in benzene, and dissolves in sodium carbonate, 
forming a deep yellow solution. 

When treated in carbon disulphide suspension with bromine in the 
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cold for twenty-four hours, and afterwards on the water-bath for three 
hours, it yields 3 : 6-dtchloro-4’-bromo-l'-hydroxy-2-8-naphthoylbenzoic 
gid, which, after removing the carbon disulphide by distillation, 
washing the residue with sodium hydrogen sulphite, then with water, 
and erystallising from acetic acid, is obtained in yellow needles 
melting and decomposing at 221°. This bromo-acid is soluble in 
alkalis with a deep yellow colour ; it is sparingly soluble in benzene, 
but readily so in acetic acid : 

02930 gave 0°5219 CO, and 0°0618 H,O. C=48'56; H=2°30. 

01832 ,, 01929 AgCl + AgBr. Cl+ Br=34°9. 

(,,H,0,Cl,Br requires C= 491; H=2:04; Cl+ Br=34°'3 per cent. 

7:10-Dichloro-1-hydroxynaphthacenequinone.—This substance is pre- 
pared by heating a mixture of 3 : 6-dichloro-1’-hydroxy-2-B-naphthoyl- 
benzoic acid (10 grams), boric acid (10 grams), and fuming sulphuric 
acid (containing 20 per cent. of sulphur trioxide) (100 grams) to 160° 
for fifteen minutes. The product is cooled, poured into ice-water, 
boiled, and filtered; the reddish-brown precipitate is then washed 
with dilute ammonia, dried, and purified by crystallisation from 
nitrobenzene : 

01059 gave 0:2414 CO, and 0:0220 H,O. C=62:16; H=2:11. 

01135 ,, 0°0922 AgCl. Cl=20°1. 

C,,H,0,Cl, requires C= 62°99 ; H=2°33 ; Cl=20°6 per cent. 

It is sparingly soluble in alcohol or benzene. Its solution in con- 
centrated sulphuric acid is reddish-blue, and becomes greener on the 
addition of fuming sulphuric acid. On warming with the latter 
reagent it is sulphonated. 

7:10-Dichloro-1 : 6-dihydroxynaphthacenequinone.—This quinone is 
prepared in the same manner as the preceding one, by heating 
3; 6-dichloro-4’-bromo-1’-hydroxy-2-8-naphthoylbenzoic acid with boric 
acid and fuming sulphuric acid at 160° until the evolution of hydrogen 
bromide and bromine has ceased. The product is purified by crystal- 
lisation from nitrobenzene, from which it separates in brownish-red 
needles : 

01126 gave 0:2470 CO, and 0:0230 H,O. C=59°83; H=2°3. 

016295 ,, 0°1285 AgCl. Cl=19°4. 

C,,H,O,Cl, requires C=60°1 ; H=2°2; Cl=19°8 per cent. 
7:10-Dichloro-1 : 6-dihydroxynaphthacenequinone dissolves in con- 
centrated sulphuric acid, forming a reddish-violet solution which, on 
the addition of boric acid and warming, exhibits a strong, yellow 
fluorescence. 

When heated with fuming sulphuric acid to 160° for an hour, it 
yields a sulphonic acid, which is soluble in water and is a mordant 
dyestuff similar to quinizarin. 
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7 : 10-Dichloro-1 : 6-diacetoxynaphthacenequinone, 
CO 
C,H, Cl,< 69> C10 H,(0°CO-CH,),, 


is produced when the foregoing quinone (2 grams) is boiled with 
acetic anhydride (40 grams) in presence of a little zinc chloride fo 
ten minutes. The solution, which changes from red to a brownish. 
yellow, is filtered hot, the filtrate boiled with water, and the crud 
acetyl compound which separates is collected, dried, and recrystallised 
from xylene, from which it is obtained in yellow crystals melting x 
265°. It dissolves in concentrated sulphuric acid to a violet-red 
solution, and is readily hydrolysed on boiling with sodium hydroxide; 

0°1013 gave 0:2202 CO, and 0:0265 H,O. C=59°39; H=2-91., 

C,.H,,0,Cl, requires C=59°6 ; H=2°7 per cent. 
1: 5-Dihydroxy-7 : 10-dichloronaphthacenequinone, 
C,H, <6 0>CoH,(OH).. 


—When | : 5-dihydroxynaphthalene (80 grams) is condensed with 3:6- 
dichlorophthalic anhydride (108 grams) in"presence of boric acid (350 
grams) by the method already given, the corresponding intermediate 
naphthoylbenzoic acid is obtained, but its purification was found to 
be attended with such difficulty that it was abandoned, and the crude 
acid was converted directly into the corresponding quinone by heating 
with boric acid and fuming sulphuric acid (containing 20 per cent. of 
sulphur trioxide). The product is isolated as usual, and purified by 
crystallisation from nitrobenzene : 


0°1133 gave 0°2503 CO, and 0:02393 H,O. C=60°26; H=2°32. 
01487 ,, 01176 AgCl. Cl=19°41. 
C,,H,0,Cl, requires C=60°1 ; H=2°2 ; Cl=19°75 per cent. 


1:5 - Dihydroxy - 7 : 10 - dichloronaphthacenequinone forms red 
needles with a metallic lustre. It dissolves in concentrated 
sulphuric facid, producing a bluish-green solution, which, on the 
addition of boric acid and warming, becomes bluer. It is soluble in 
dilute aqueous sodium hydroxide with a violet-blue colour, and is 
sparingly soluble in alcohol or benzene, more readily so in xylene. 

7 : 10-Dichloro-6-amino-1-hydroxynaphthacenequinone.—This _ deriv- 
ative is most advantageously prepared by the following method: 
Pure 3 : 6-dichloro-1’-hydroxy-2-8-naphthoylbenzoic acid (20 grams) is 
dissolved in dilute aqueous potassium hydroxide (200 c.c. of a 5 per 
cent. solution) and treated with a solution of diazobenzene chloride 
(from 5°2 grams of aniline) in the cold. The precipitated az0- 
compound is collected, dissolved in warm sodium carbonate, and 
treated with a solution of sodium hyposulphite until the red colour of 
the azo-compound disappears. On acidifying with hydrochloric acid, 
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the amino-acid is precipitated in yellow crystals ; these are collected, 


A iried, and, without further purification, are mixed with boric and 
fuming sulphuric acids (containing 20 per cent. of sulphur trioxide) 


and heated to 160°. The quinone, after being isolated and purified in 
the usual way, is obtained in minute, black needles with a green 


metallic lustre : 

01176 gave 0°2611 CO, and 0:0294 H,O. C=60°55; H=2°77. 

01955 ,, 6°85 c.c.N, at 18° and 756 mm. N =4-02. 

01975 ,, O-1578 AgCl. Cl=19°62. 
(,,H,0,NCI,requiresC = 60°35; H = 2°51; N=3-91; Cl=19-81 per cent. 

7 :10- Dichloro-6-amino-1-hydroxynaphthacenequinone dissolves in 
boiling alcohol with a magenta-red colour, and in alcoholic potash with 
ablue colour. With aqueous potassium hydroxide it forms an insoluble 
blue salt. Its solution in concentrated sulphuric acid is purple and 
slightly fluorescent, and becomes more so on the addition of boric acid. 

7(10)-Chloro-10(7)-anilino-1-hydroxynaphthacenequinone.—This sub- 
stance is prepared by adding 7 : 10-dichloro-1-hydroxynaphthacene- 
quinone (10 grams) to aniline (100 grams), and boiling the mixture in 
areflux apparatus until the original red colour of the solution changes 
toblue. The solution, on cooling, deposits black crystals, which are 
collected and purified by crystallisation from xylene or nitrobenzene : 

01355 gave 0°3567 CO, and 0°0437 H,O; C=71°81; H=3°57. 

01850 , 54ec. N, at 18°and 757 mm. N=3:28, 

01865 ,, 0°0644 AgCl. Cl=8-54.. 
(,,H,,O,NCl requires C = 72°09; H= 3°50; N = 3°50; Cl=8'87 per cent. 

In a similar manner from p-toluidine is prepared 7(10)-chloro- 
10(7)-p-toluidino-1-hydroxynaphthacenequinone : 

01241 gave 0°3290 CO, and 0°0452 H,O. C=72°31; H=4:05. 

013388 ,, 4:4 cc. N, at 21°and 758mm. N=3°7. 

01834 ,, 00624 AgCl. Cl=8-4l. 
(,,H,,0,NCl requires C = 72°56; H=3°86; N=3°3 ; Cl=8'57 per cent. 

Both the anilino- and the p-toluidino-compounds crystallise in 
brownish-black needles possessing a metallic lustre. They are soluble 
in hot acetic acid and xylene, and dissolve in ordinary concentrated 
sulphuric acid with a violet colour, which changes to dark green on 
the addition of fuming sulphuric acid. When heated with fuming 
sulphuric acid, they are sulphonated with the formation of greenish- 
black dyes. 

7:10-Dianilino-1 : 5-dihydroxynaphthacenequinone—As stated in 
the introduction, the action of boiling aniline on 1 :5-dihydroxy- 
7:10-naphthacenequinone results in the formation of a dianilino- 
derivative. The substance was obtained in black needles with a 


green lustre. It is soluble in hot xylene or nitrobenzene, and 
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sparingly sc in benzene, alcohol or acetic acid. Its solution jy 
concentrated sulphuric acid is blue. The results of the analyses of 
this substance indicated the constitution assigned to it, but it was not 
found possible to obtain it perfectly free from chlorine. 

3:4:5: 6-Zetrachloro-|'-hydroxy-2-B-naphthoylbenzoic Acid.—Tetp. 
chlorophthalic anhydride (100 grams), a-naphthol (50 grams), anj 
boric acid (300 grams) are intimately mixed and rapidly heated (on a 
oil-bath heated to 250°) until the fusion becomes quite homogeneous, 
It is then poured into water, extracted repeatedly with hot wate 
until free from boric acid, and the residue is digested with dilute 
aqueous sodium hydroxide, which removes the acid from the insoluble 
fluoran derivative. On acidifying the alkaline solution, the acid is 
obtained as a pale yellow precipitate, which, when dried and crystal. 
lised from xylene, separates in orange needles melting at 212°: 

0°1004 gave 0:1846 CO, and 0°0194 H,O. C=50°16; H=2°15, 

01778 ,, 02391 AgCl. Cl=33:2. 

C,,H,0,Cl, requires C=50°25; H=1-9; Cl=33-0 per cent. 

The analysis of this acid is extraordinarily difficult, and good results 
can only be obtained when the substance is intimately mixed with lead 
chromate before its introduction into the combustion tube. 

3:4:5:6-Tetrachloro-1'-hydroxy-2-B-naphthoylbenzoic acid is readily 
soluble in alcohol, acetic acid or xylene, but only sparingly so in ether. 
When added to sodium hydroxide or sodium carbonate solution, it 
yields an extremely voluminous, pale yellow sodium salt, which is 
sparingly soluble in water. 


Tetrachloro-a-naphthafluoran, Son ><> O.— This substance 
eC, CioHe 


is formed in the preparation of the above-mentioned acid, and remains 
as an insoluble powder after the extraction of the acid with alkalis 
It is best obtained pure by recrystallisation from glacial acetic acid, in 
which solvent, however, it is very sparingly soluble : 

0°1543 gave 0:3543 CO, and 0:°0324 H,O. C=62°62; H=2°33. 

01887 ,, 0°1999 AgCl. Cl=26:2. 

C,,H,,0,Cl, requires C = 62°47; H=2°23 ; Cl= 26°36 per cent. 

Tetrachloro-a-naphthafluoran forms grey, feathery crystals, which do 
not melt below 300°. It is soluble in boiling xylene or nitrobenzene, 
but does not crystallise well from these solvents. It dissolves in 
concentrated sulphuric acid, giving a brown, strongly fluorescent 
solution. It is quite insoluble in aqueous sodium hydroxide, but when 
fused with the alkali it loses one molecule of naphthol and yields the 
sodium salt of 3:4: 5: 6-tetrachloro-1’-hydroxy-2-B-naphthoylbenzoic 
acid. Small quantities of this acid may be obtained in this way. The 
operation is carried out as follows: The crude fluoran is mixed with 
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jjxtimes its weight of powdered sodium hydroxide and a small quantity 
f potassium hydroxide, and, after the addition of a little water, the 
nixture, while being constantly stirred, is heated to 180° for about 
ialf an hour and finally raised to 250° for a few minutes. The 
greenish-brown product is then cooled, extracted with hot water, and 
the acid precipitated by the addition of hydrochloric acid. 

3:4:5 :6-Tetrachloro-4'-bromo-l'-hydroay-2-B-naphthoylbenzoic acid is 
produced by gently boiling an acetic acid solution of 3: 4:5 :6-tetra- 
thloro-1’-hydroxy-2-B-naphthoylbenzoic acid (50 grams) with bromine 
(20 grams) for thirty-six hours. The product is poured into water, 
and the precipitate is collected, washed with sodium hydrogen sulphite 
slution, and crystallised from xylene : 

01536 gave 0°24035 CO, and 0°0229 H,O. C=42:67; H=1°. 

01662 ,, 0°2078 AgCl+AgBr. Cl+Br=43°5 
(,gH,0,C1,Br requires C = 42°47; H=1°38; Cl+ Br= 43°6 per cent. 

This acid is a pale yellowish-green, crystalline powder melting at 
216°. It dissolves readily in alcohol or acetic acid, but sparingly so 
in xylene or nitrobenzene. Its sodium salt is sparingly soluble in 
water, and separates as a flocculent precipitate when the acid is mixed 
with sodium carbonate solution. 

7:8:9:10-Zetrachloro-1-hydroxynaphthacenequinone.—This quinone 
results from the action of boric and fuming sulphuric acids on 
3:4:5 : 6-tetrachloro-1’-hydroxy-2-B-naphthoylbenzoic acid. The 
method of preparation is similar to that described in the earlier part 
of this paper. It is necessary to use strongly fuming acid (containing 
50—70 per cent. of sulphur trioxide), and at the same time to be 
careful to avoid sulphonation, the temperature not being allowed to 
exceed 130°. The quinone is purified by crystallisation from acetic 
acid ; 


01026 gave 0°1967 CO, and 0°0152 H,O. C=52:29; H=1°64. 

01551 ,, 021514 AgCl, Cl=34°30. 

C,,H,O,Cl, requires C=52°45 ; H=1°45 ; Cl=34-43 per cent. 

7:8:9: 10-Zetrachloro-l-hydroxynaphthacenequinone forms a brick- 
red, crystalline powder, sparingly soluble in acetic acid, alcohol or 
xylene, more readily so in boiling nitrobenzene. With concentrated 
sulphuric acid, it yields a deep red solution, which becomes violet on 
the addition of fuming sulphuric acid. When warmed with con- 
centrated sulphuric and boric acids, the quinone yields a red solution 
possessing a yellow fluorescence. . 

7:8:9:10-Zetrachloro-1 : 6-dihydroxynaphthacenequinone is prepared 
by heating 3: 4:5; 6-tetrachloro-4’-bromo-l’-hydroxy-2-8-naphthoyl- 
benzoic acid with boric acid and fuming sulphuric acid (containing 
10 per cent. of sulphur trioxide) at 180° until the evolution of 
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hydrogen bromide and bromine has ceased. The quinone is isolate 
in the usual way, and crystallises from nitrobenzene in brown, lustrous 
crystals : 


0°1064 gave 0°1952 CO, and 0°0155 H,O. C=50°01 ; H=1-61, 
071132 ,, 01512 AgCl. Cl=33-04. 
C,,H,0,Cl, requires C=50°49 ; H=1°40 ; Cl=33°14 per cent, 


It is very sparingly soluble in alcohol or acetic acid, more readily 
so in xylene or nitrobenzene. When dissolved in concentrated 
sulphuric acid, it exhibits a beautiful red fluorescence. With alkalis, 
it yields bluish-purple, insoluble salts. 

8 : 9- Dichloro-7 : 10-diantlino-1-hydroxynaphthacenequinone results 
when 7:8: 9: 10-tetrachloro-l-hydroxynaphthacenequinone, mixed 
with a little boric acid, is boiled with aniline for twelve hours. The 
olive-green solution is poured into a mixture of alcohol and hydro. 
chioric acid, the precipitate collected, washed free from aniline 
hydrochloride, and crystallised from nitrobenzene, from which it 
separates as a dark green powder. It is readily soluble in hot 
xylene : 


01130 gave 0:2826 CO, and 0:0372 H,O. C=68-:27; H=3°6. 
01265 ,, 60c.c. N, at 20° and 764mm. N=5-45. 
01828 ,, 0°09847 AgCl. Cl=13°32. 
C,,H,,0,CI,N, requires C=68°58; H=3'41; N=5:33; Ci=13:00 
per cent. 


8 : 9-Dichloro-7 : 10-dianilino-1 : 6-dihydroxynaphthacenequinone is 
obtained in a similar manner by boiling 7:8: 9: 10-tetrachloro- 
1: 6-dihydroxynaphthacenequinone with aniline in the presence of 
a little borie acid. It is a dark green, crystalline substance, insoluble 
in alcohol or ether, but moderately so in xylene or nitrobenzene: 


0°1541 gave 0°3744 CO, and 0°0485 H,O. C=66:26; H=3°. 
01121 ,, 49 ec. N, at 20° and 762 mm. N=5-01. 
01737 ,, 0:0935 AgCl. Cl=13°31. 
C,)H,,0,CI],N, requires C=66°55; H=3-32; N=5:17; Cl=131 
per cent. 
THE UNIVERSITY, 
MANCHESTER. 
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XXXVI.—Contributions to the Chemistry of the Terpenes. 
Part IV. The Oxidation of Pinene with 
Mercurie Acetate. 

By Grorce GERALD HENDERSON and James Watson AGNEW. 


By the oxidation of pinene with an aqueous solution of mercuric 
acetate, Balbiano (Ber., 1902, 35, 2994; 1903, 36, 3575) obtained a 
hydroxy ketone of the formula C,,H,,0°OH. He found that this 
compound was almost completely converted into carvacrol when 
warmed with dilute sulphuric acid, and that it yielded terpenylic acid 
when oxidised with an acidified solution of potassium permangan- 
ate; he therefore concluded that it was 6-hydroxycarvotanacetone 
(6-hydroxy-A°-menthen-2-one) : 
Me Me 
HOCH HO-C:0-CO «SHO, 90-0 
HO:C‘;CH ~*~ 4H,0-CH-CH, H,C-CH-CH, 
Me,UH Me,CH Me,C 
Carvacrol, Hydroxyketone. Terpenylic acid. 

In the hope of obtaining an isomeride of sobrerol, he attempted to 
reduce the hydroxyketone under varying conditions, but without 
result. 

Through the introduction of several modifications of the process 
described by Balbiano, we have found that when pinene is oxidised 
with aqueous mercuric acetate at the ordinary temperature, the first 
product of the reaction is inactive sobrerol, C,)H,,(OH),, and that the 
sobrerol is converted into the hydroxyk@tone by the further action of 
the same reagent. In its boiling point (154°/10 mm.) and other 
physical properties the hydroxyketone closely resembles 8-hydroxy- 
carvotanacetone, which has already been prepared from carvone by 
agitation with 40 per cent. sulphuric acid (Rupe and Schlochoff, Ber-., 
1905, 38, 1719), and its semicarbazone melts at the same tempera- 
ture (176°) as the semicarbazone prepared from 8-hydroxycarvotan- 
acetone. Moreover, through the action of anhydrous oxalic acid, the 
hydroxyketone is converted by the elimination of one molecule of 
water into a mixture of carvone and carvacrol, the latter compound, 
no doubt, having been produced from the carvone by heating with 
the oxalic acid. Finally, the hydroxyketone is reconverted into 
sobrerol by reduction with sodium in moist ether; it is converted 
into carvacrol by the action of aqueous hydriodic acid, and, on oxida- 
tion, yields terpenylic acid. All these considerations lead to the 
conclusion that the hydroxyketone is 8-hydroxycarvotanacetone 
(8-hydroxy-A°-menthen-2-one), and not the 6-hydroxy-derivative as 
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supposed by Balbiano. The relationship between the compounds js [MF of ox 
shown in the following scheme: iioht 


re = Me which 
HC:C—OH-OH _. HO:C—-CO __ H¢:—co forme 
HC-CHCH, = ~~ -H,O-CH-CH, ~ H,C-CH: OH, ys 

| ! e0 
Me,C-OH Me,C:OH MeC:CH, we 


in fai 
Sobrerol. | 8-Hydroxycarvotanacetone. Carvone, 


pared 


acetic 


HO, of G0-0 
HOCH: ‘CH,| > ‘0: Pr 
Me,C— asstihanegs ‘| added 
Terpenylic acid. — water 
Wallach (Annalen, 1896, 291, 342) found that inactive sobrerol me 
(pinol hydrate), on oxidation with chromium trioxide dissolved in acetic -" : 
acid, yielded a viscous liquid to which he assigned the formu ond 
C,)H,,(OH)O on the basis of his analyses of its semicarbazone (nm. p, “ : 
174°) and oxime (m. p. 134°). The oxime was proved to be identical “ 
with the compound obtained by the elimination of hydrogen chloride si 
from terpineol nitrosochloride, and, in particular, was found to yield we 
carvone when warmed with dilute sulphuric acid. For these reasons 7 
Wallach concluded that the compound C,,H,,0°OH is a “A®oxy. . 


; drain 
dihydrocarvone,” with the formula given below : — 


Me Me Me Th 
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to ha 
| 


Me name 

\ *- . 
HC:0-—-CO with 
H O-OH-CH distil 

2 2 
a remo 
MeC:CH, oily | 
Carvone. 


There can be no doubt that this hydroxyketone is identical with ‘ten | 
the compound prepared by Balbiano and by ourselves, and Wallach’s fully 
own work led him to assign to it the same constitution as we have done i .., 
So ‘far as we are aware, sobrerol has not hitherto been prepared respe 
directly from pinene except by the method, based on Sobrero’s dis 


covery and applied by Armstrong and Pope (‘Trans., 1891, 59, 315), HH ‘7 
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of oxidising the hydrocarbon by means of moist oxygen in bright sun- 
light, although, of course, it can be obtained by the hydration of pinol, 
which, according to Wallach and Otto (Annalen, 1889, 253, 249), is 
formed as a by-product in the preparation of pinene nitrosochloride. 
By the method, which is described below, of oxidising pinene with 
aqueous mercuric acetate, sobrerol is obtained without difficulty and 
in fairly satisfactory quantity. We have also found that it can be pre- 
pared by the action of mercuric oxide on a cold solution of pinene in 
acetic acid, but in this case the yield is poor. 


EXPERIMENTAL, 


Preparation of Sobrerol from Pinene.—Fifty grams of pinene were 
added to a solution of 350 grams of mercuric acetate in 1500 c.c. of 
water, and the mixture was shaken continuously at the ordinary 
temperature. The reaction began at once, mercurous acetate, and 
finally mercury, being precipitated and the pinene gradually disappear- 
ing. After ten days, the solution was neutralised with sodium carbon- 
ate and filtered, and the filtrate was agitated repeatedly with chloro- 
fom. The chloroform solution was washed with water and dried 
vith anhydrous potassium carbonate, and the chloroform was then 
distilled off, leaving an oily residue which, on treatment with a 
few drops of benzene, became for the most part crystalline. A small 
quantity of the oily hydroxyketone, which was also present, was 
drained off, and the solid was purified by crystallisation from 
benzene. 

The lustrous, colourless crystals thus obtained melted at 131°, the 
same temperature as inactive * sobrerol, C,,H,,(OH),. A small quan- 
tity of the crystals was dissolved in dry chloroform, and the calculated 
amount (one molecular proportion) of dry bromine was added. A 
colourless, crystalline additive product separated, and was found 
to have the same melting point as sobrerol dibromide, 

C,)H,,Br,(OH),, 
uamely, 131—132°. Another quantity of the crystals was warmed 
vith dilute sulphuric acid, and the oily product was separated by 
listillation in a current of steam, extracted with ether, and, after 
tmoval of the ether, distilled under the ordinary pressure. The 
oily liquid had the same odour and the same boiling point (183—184°) 
as pinol, C,,H,,0, and, when treated with one molecular proportion of 
bromine in solution in dry chloroform, was converted into a beauti- 
fully crystalline additive product, which was found to melt at 94°, the 
“me temperature as pinol dibromide, C,,H,,Br,0. In all these 
tespects the behaviour of the crystalline compound obtained by the 


" The pinene used in the experiment was only feebly dextrorotatory, [a]*°=5°8°, 
U 2 
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oxidation of pinene in the manner just described was identical with 
that of inactive sobrero], and therefore there can be no doubt as to its 
constitution. 

Although the yield of sobrerol obtained from pinene by this methoj 
is fairly satisfactory, a number of modifications in the process wor 
tried in the hope of improving]it, but these were all more or leg 
unsuccessful. We found, however, that sobrerol can also be obtained 
by the action of mercuric oxide at the ordinary temperature 
a solution of pinene in glacial acetic acid. Yellow mercuric oxide wa 
added in small portions to the solution (the quantities taken corr. 
sponding with those used in the first method), and, after each addition, 
the mixture was shaken until action had apparently ceased. After 
all the oxide had been added, the solution was diluted with water, 
neutralised with sodium carbonate, and filtered, and the filtrate 
was thoroughly extracted with chloroform. The residue which 
remained after removal of the chloroform consisted of a mixtur 
of sobrerol and the hydroxyketone, but the yield was poor, much of 
the pinene having been resinified. 

Preparation of 8-Hydroxycarvotanaceione from Pinene.—A mixture 
of pinene, mercuric acetate, and water in the proportions given above 
was shaken for three or four days until the pinene had disappeared, 
and was then boiled over a free flame for two days, water being added 
from time to time to replace what had evaporated. During the 
process, mercurous acetate, and ultimately mercury, together with 
some resinous matter, separated from the solution. The liquid was 
then concentrated, neutralised with sodium carbonate and filtered, 
and the filtrate was shaken with chloroform so long as anything was 
dissolved. The chloroform solution was washed with water and dried 
with anhydrous potassium carbonate, and, after removal of the chloro 
form, a viscid, dark-coloured liquid was obtained. This was purified 
by fractional distillation under diminished pressure, and finally 4 
product which boiled constantly at 154—155°/10 mm. was obtained. 
This compound had the properties of the hydroxyketone, 

C,,H,,0°0H, 
described by Balbiano (Joc. cit.), and its semicarbazone had the 
appearance and the melting point (175—176°) of the semicarbazone 
which he prepared. 

This hydroxyketone is obtained instead of sobrerol when mercuri¢ 
oxide is added to a solution of pinene in acetic acid if, during the 
oxidation process, the solution is heated on the water-bath, but much 
resinous matter is formed, and consequently the yield is not at all 
satisfactory. 

The evidence which led to the conclusion that the hydroxyketone 
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thus obtained from pinene is 8-hydroxycarvotanacetone is as follows. 
In the first place the melting point of its semicarbazone is almost the 
same as that of the semicarbazone prepared by Rupe and Schlochoff 
(loc. cit.) from that compound. Secondly, it can be prepared directly 
from sobrerol. This was effected by oxidising sobrerol with an 
aqueous solution of mercuric acetate, containing some acetic acid, in a 
manner similar to that employed in preparing the hydroxyketone 
from pinene ; the product obtained from sobrerol was found to be 
identical with that obtained from pinene. Therefore the first stage in 
the oxidation of pinene by mercuric acetate is the formation of 
sobrerol, and the sobrerol is converted into the hydroxyketone by the 
further action of the reagent under suitable conditions. In the third 
place, sobrerol can be obtained by reduction of the hydroxyketone. 
A solution of the latter in moist ether was treated with sodium 
in considerable excess of the calculated quantity. After filtration and 
removal of the ether, the residual solid was purified by crystallisation 
from benzene, and was identified as inactive sobrerol by determination 
of its melting point and preparation of its dibromide. 

In another direction further information regarding the constitution 
of the hydroxyketone was gained by its conversion into carvone. A 
mixture of the hydroxyketone and anhydrous oxalic acid was heated 
at 80° for fifteen minutes. After cooling, the mass was extracted 
with chloroform, and the solution was washed with water and dried 
with anhydrous magnesium sulphate. After removal of the chloro- 
form an oily liquid remained, and by fractional distillation this 
was separated into two portions, which boiled at about 225° and 236° 
respectively. The fraction of lower boiling point was analysed with 
the following result : 


05089 gave 1:4804 CO, and 0°4382 H,O. C=80:07; H=9°56. 
C,,H,,0 requires C = 80°00 ; H=9°33 per cent. 


It was identified as carvone by its physical properties, and by 
the preparation of its semicarbazone, which was obtained in colourless 
prisms very readily soluble in methyl alcohol and melting at 
l4—155°. The fraction of higher boiling point consisted of 
carvacrol, as was shown by its boiling point and by the production of 
4 green coloration when ferric chloride was added to its alcoholic 
solution. We found that if the heating of the hydroxyketone with 
anhydrous oxalic acid was prolonged, the product consisted almost wholly 
of carvacrol, into which the carvone was transformed by the action of 
the oxalic acid. We also found that the hydroxyketone is quickly 
converted into carvacrol by the action of aqueous hydriodic acid at the 
ordinary temperature. 
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The consideration of all these facts leaves no doubt that the hydroxy. 
ketone, C,,H,,0°OH, is 8-hydroxycarvotanacetone. 


We desire to express our thanks to Mr. W. J. S. Eastburn for assist. 
ance in part of the work, and to the Research Fund Committee of 
the Carnegie Trust for a grant which defrayed the expenses. 
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XXXVII.— The Relationship between the Constitution and 
the Absorption Spectra of Pyridine and Various 
Derivatives. 


By Joun Epwarp Purvis. 


THE absorption spectra of pyridine, picoline, and piperidine have 
been already studied by Hartley (Trans., 1885, 47, 685); Baker 
and Baly (Trans., 1907, 91, 1122) have also re-examined the 
spectra of pyridine and the a- and §-picolines, and they found 
substantially the same results as Hartley. They also examined 
other pyridine derivatives, their aim being to investigate the effect 
of the replacement of a CH group of the benzene ring by the 
nitrogen atom in the pyridine compounds from a consideration 
that the nitrogen atom has a different type of saturation from that 
of a carbon atom. They state that the shifts of the heads of the 
bands of the picoline isomerides were different, and that, expressed 
in oscillation frequencies, they were: 

a-Picoline 

B-Picoline 

Baly and Collie (Trans., 1905, 87, 1332) have also pointed out 
that the introduction of a single group modifies the absorption 
spectrum of benzene, different types of absorption being produced 
according to the nature of the group introduced. 

Baly and Ewbank (Trans., 1905, 87, 1355), in the case of di 
substituted derivatives of benzene, have shown that the ortho, 
meta-, and para-compounds show considerable differences in theit 
absorption curves. 

Purvis and Foster (Proc. Camb. Phil. Soc., 1907, 14, 381), in 
a comparative study of the absorption curves of collidine and 
nonachlorocollidine, showed that the character of the curves was 
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not different from that of pyridine and lutidine, except that there 
were greater shifts towards the red end of the spectrum; the 
persistence of the collidine curve was a little less than that of 
lutidine, and also, of course, less than that of pyridine; and the 
persistence of the nonachlorocollidine curve was slightly less than 
that of the collidine. The explanation there given was that the 
chlorine atoms had replaced the hydrogen atoms of the three methyl 
groups, and this view agreed with the chemical investigation. 
Expressed in oscillation frequencies, the heads of the bands were: 
Pyridine 3950 (Hartley) 
2: 6-Lutidine 8750 (Baker and Baly) 
Collidine 3700 (Purvis and Foster) 
3580( ss, a8 
The author (Proc. Camb. Phil. Soc., 1908, 14, 436) pointed out 
that the effect of adding hydrochloric acid to collidine was precisely 
the same as in the case of pyridine and lutidine. The acid produced 
a marked increase in the persistence of the absorption curve, and 
a slight shift towards the red end. The persistence was much less 
than that of either lutidine or pyridine hydrochlorides, and 
corresponded, part passu, with the decreased persistence of the 
curves of the bases themselves. A heptachlorolutidine, obtained 
from nonachlorocollidine, was also examined, and, on comparing 
its curve with the latter, it was seen that the persistence was greatly 
increased, whilst the shift towards the red end was not so great, but 
it was greater than that of either collidine or lutidine. The 
conclusion was that at least one atom of chlorine had entered the 
nucleus in the change from one compound to the other. Further, it 
was proved that the persistence of the curve of 3: 5-dichloropyridine 
was slightly less than that of 3: 4: 5-trichloropyridine, whilst the 
shift towards the red end was not so great as in the other chlorine 
compounds. The heads of the bands in oscillation frequencies were: 
3 :5-Dichloropyridine 3700 (Purvis) 
3:4:5-Trichloropyridine 3650 (Baker and Baly) 
2:3:4:5-Tetrachloropyridine 8500( ss, sate ai 
Pentachloropyridine.................. , 8400( ,,; a. e 
The general form of the absorption curves of 2: 3: 5-trichloro- 
and 3: 4: 5-trichloro-pyridines (Purvis, Proc. Camb. Phil. Soc., 1908, 
14, 568) was the same; but that of the 2: 3: 5-compound was 
shifted towards the red end of the spectrum a little further than 
that of the 3: 4:5-compound, whilst the persistency was very 
considerably increased. The positions of the bands were: 


2:3:5-Trichloropyridine 3580 
3:4:5-Trichloropyridine 3650 


The absorption curves of tetrachloro-2- and -4-aminopyridines were 
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also examined, and compared with the curve of pentachloropyridine, 
There was a general similarity in the form of the curves, but there 
was a greater shift towards the red end in the case of tetrachlor. 
2-aminopyridine compared with that of tetrachloro-4-aminopyridine, 
and a considerably greater persistency. There was also a greater 
shift of the curve of the former compound when compared with that 
of pentachloropyridine, and a less shift in the case of the tetrachloro. 
4-amino-compound ; but the persistency in the case of pentachloro. 


Fic. 1. 


Oscillation frequencies. 
44 46 


of relative thicknesses in mm. of N/1000 solution. 


Logarithms o 
Relative thicknesses in mm. of N/1000 solution. 


Full curve : a-Picoline. 
Dotted ,, : a-Picoline hydrochloride. 


pyridine was greater than that of tetrachloro-2-aminopyridine, and 
very much greater than that of tetrachloro-4-aminopyridine. The 
positions of the heads of the bands in oscillation frequencies were: 


Tetrachloro-2-aminopyridine ........... 
Tetrachloro-4-aminopyridine 
Pentachlorcpyridine 
These results, therefore, indicated that the relative positions and 
the persistencies of the absorption bands were influenced very 
considerably by the type and what may be called the spatial 
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positions of the atoms or groups of atoms introduced either into 
the nucleus or the side-chains. In this direction the aim of this 
investigation is to give an account of a study of the absorption 
curves of a-picoline and various derivatives, so as to compare these 
with the earlier work. 

The addition of hydrochloric acid to the solutions of pyridine, 
9: 6-lutidine, and collidine has been shown to increase the per- 
sistence of the curves very considerably, as well as to shift them 
towards the red end of the spectrum. In this connexion I have 
examined the curve obtained when hydrochloric acid was added to 
a solution of a-picoline, and I found a similar effect. 

Fig. 1 gives the curve for a-picoline and that obtained when 
hydrochloric acid was added to the base. It will be noticed that 
the addition of the acid has produced a greatly increased per- 
sistence, as well as shifted it a little towards the red end. But 
it should also be pointed out that the persistence of the band of 
a-picoline is less than that ascribed to 2: 6-lutidine by Baker and 
Baly; whereas, if the persistence is conditioned by the number or 
weight of the introduced methyl groups, it should be greater than 
that of lutidine, just as that of collidine is less than that of lutidine. 
So that the weighting of the pyridine nucleus by varying numbers 
of methyl groups does not alone affect the vibrations, and it would 
seem as if the spatial positions of the substituting groups need to 
be taken into consideration. 

Several chlorine derivatives of a-picoline were also investigated. 
One of them has been proved by Sell (Trans., 1905, 87, 799) to 
have the constitutional formula: 


From the absorption curve (Fig. 2), and a comparison of it with 
the curves in Fig. 1, it will be noticed that the introduction of 
the chlorine atoms has caused a great shift of the band, and its 
persistence has been increased. The effect is similar to that 
observed in the various chlorine compounds of pyridine when the 
chlorine atoms were introduced into the nucleus, but how far this 
is modified by the chlorine atoms in the side-chain cannot be judged 
until a complete series of chlorine compounds of picoline can be 
obtained and examined. Some indications of this influence are 
evident from several other compounds of a-picoline which have 
been investigated. Three derivatives of a-picoline studied in this 
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connexion were trichloropicolinic acid (I), its methyl ester (II), 
and its amide (III). 


The absorption curves (Fig. 3) indicate that the bands of the 
acid and the ester are practically identical, although there is an 
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Full curve: Hexachloropicoline. 
Dotted ,, : 2:3: 4-Trichloropicolinamide. 


exceedingly slight shift of the curve of the ester. Moreover, the 
curves are very like that of hexachloropicoline, although that 
belonging to the latter compound is not shifted towards the red 
end quite to the same extent. The curves are practically identical 
as regards their persistence, although there appears to be less general 
absorption in the case of the hexachloro-compound. On the other 
hand, as regards the curve obtained from the amide, although the 
general form of it is very like that of the other compounds, there 
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js a slight shift, and its persistence is considerably decreased. So 
that, generally, as in the case of the chlorine derivatives of pyridine 
and collidine, the chlorine atoms introduced into the nucleus appear 
to affect the vibrations more powerfully than when they are intro- 
duced into the side-chain. It will also be noticed that the effect of 
the substitution by NH, of the OH group of the acid radicle is 
more marked in this respect than when three chlorine atoms were 
introduced into the side-chain. Attention may also be drawn to 


Fie. 3. 
Oscillation frequencies. 
32 34 36 38 


. 
24 ‘mem 
4 


| 
: 
4 


Relative thicknesses in mm. of N/1000 solution. 


= 
& 
~ 
= 
= 
~ 
S 
DH 
Oo 
oO 
Oo 
_ 
Zz 
> 
= 
= 
4 
eS 
‘4 
é_ 
~ 
LS 
ym 
yD 
i) 
= 
nd 
~ 
3 
4 
Ss 
> 
—_ 
= 
3 
~~ 
iN) 
& 
> 
~» 
g 
= 
Land 
S 
‘'-— 
~ 
~] 
S> 
Ss 
N 


Fall curve: 2:3: 4-7 richloropicolinic acid. 
Dotted ,, : Methyl 2:3: 4-Trichloropicolinate. 


the effect of the introduction of an amino-group by citing the 
examples of the tetrachloroaminopyridines described before, for 
such a group appears to modify the absorption bands very con- 
siderably either when it is introduced into the nucleus or into a 
side-chain. 

The positions of the heads of the bands are: 


a-Picoline 

a-Picoline hydrochloride 

Hexachloropicoline 

Trichloropicolinic acid 

Trichloropicolinic ester 

Trichloropicolinamide ...............sesecesesceeeerees 
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General Conclusions. 


The above observations indicate that the vibrations of the 
pyridine ring and the consequent absorption of light are influenced 
by various conditions. 

(1) The general effect of introducing atoms or groups of atoms 
into the nucleus is to increase the persistence of the absorption 
curve as well as to shift it towards the red end of the spectrum, 
whilst when they are introduced into the side-chains they generally 
decrease the persistence. 

(2) The weighting of the nucleus, however, does not always mean 
that the absorption curve is shifted towards the red end. The type 
and the spatial position of the introduced atoms or groups are 
factors in determining the absorption. 

(3) As regards isomeric substances, the spatial positions of the 
substituting atoms in the nucleus are of considerable importance in 
influencing the position and the persistence of the absorbed rays. 

(4) The substitution of atoms in the side-chains does not exert 
the same marked influence as when they are substituted in the 
nucleus. 

(5) The addition of hydrochloric acid to collidine and a-picoline 
(as well as to pyridine and lutidine) exerts a marked influence on 
the vibrations of the nucleus, and the effect is very similar to that 
produced when chlorine atoms are introduced into the nucleus. 

The vibrations of the atoms of a molecule which produce selective 
absorption have their own distinctive vibrations dependent on 
their number, weight, nature, type, and orientation. It is further 
suggested that the vibrations may be considerably influenced 
by the rays of great refrangibility when light passes through the 
solutions. On this view, the selective absorption is conditioned by 
two forces, namely, the inherent vibrations of the atoms, and the 
vibrations produced by ultra-violet light. Both influences may be 
in the same direction or in various directions dependent, among | 
other conditions, on the relationship of the atoms; but, in any case, 
it is conceivable that ultra-violet light may profoundly modify the 
inherent vibrations of the atoms of the molecule. That the atoms 
of a nitrogen ring compound may be vibrating in some distinctive 
form of vibration or pulsation (Baly, Edwards, and Stewart, Trans., 
1906, 89, 514), and different from that produced by the benzene 
ring, is clear from differences in their absorption bands; but how 
much is caused by the changing valency of the nitrogen atom and 
how much by that of other atoms cannot very well be differentiated. 
In this connexion it cannot be said that the nitrogen atom alone 
has a variable valency, for it is equally valid to suggest that the 
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other atoms change their valency according to variable conditions. 
As regards the increased persistence of the absorption curves, the 
addition of hydrochloric acid to pyridine, a-picoline, lutidine or 
collidine produces similar effects to that obtained when chlorine is 
introduced into the nucleus, and it is difficult to realise that the 
valency of the nitrogen atom is the only conditioning influence. 
Nevertheless, the fact that fully saturated compounds show no 
selective absorption in the visible or ultra-violet regions of the 
spectrum, as in piperidine (Hartley, Trans., 1885, 47, 685) and 
cyclohexane (Hartley and Dobbie, Trans., 1900, 77, 846), empha- 
sises the view that the influence of the saturation of the valencies of 
the various atoms may be of paramount importance, besides 
indicating that all the atoms are concerned in the change. Whether 
such compounds have any bands in the ultra-red has not yet been 
fully investigated, but the possibility of their presence in this 
region cannot be ignored, for as regards piperidine, Coblentz 
(Astrophys. J., 1904, 20, 207) states that he has observed one band 
in the ultra-red. 

That the vibrations or pulsations of the ring are greatly influenced 
by the introduction of other atoms or groups of atoms is clear, 
and the differentiation of tautomeric and isomeric substances by 
means of changes in their absorption spectra is substantiated. The 
effect of the introduction of an amino-group, as in the two tetra- 
chloroaminopyridines, is particularly noticeable (Purvis, loc. cit.). 
The nitrogen atom of this group may retain Bd variable valency like 
that in the ring, and the effect on the vibrations and the selective 
absorption would be considerable, although the conditioning 
influence of the spatial position of the group as a whole appears 
to be very marked, otherwise the two substances might give similar 
absorption curves. 

If the atoms are connected by Faraday tubes of force, according 
to the interesting suggestion of Baly and Desch (Astrophys. J., 
1906, 23, 110), and if they are systems of electrons, there should be 
some possibility of obtaining the Zeeman effect. There would be 
great difficulty in this, for the absorption bands, as a rule, are 
broad and diffuse; but if the bands consist of very fine lines, and 
sufficient dispersion is available to separate the bands into lines, 
the effect of a strong magnetic field could be observed, and more 
information would be obtained thereby as to the relation between 
the atoms and groups of atoms in ring compounds. 


Finally, I have to thank Dr. Sell for kindly giving me pure 
specimens of the substances used in these investigations. 


University CHEMICAL LABORATORY, 
CAMBRIDGE. 
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XXXVUI.—Benzyl and Ethyl Derwatives of Silicon 
Tetrachloride. 
By Greorrrey Martin and FREDERIC StaNLEy KIpPine. 


At the four benzyl derivatives of silicon tetrachloride, represented 
respectively by the following formule: 

SiCl,-CH,Ph, SiCl,(CH,Ph),, SiCl(CH,Ph),, Si(CHsPh),, 
are known. Tetrabenzylsilicane was prepared long ago by Polis 
(Ber., 1885, 18, 1443; 1886, 19, 1023) by the action of sodium on 
a mixture of silicon tetrachloride and benzyl chloride, but the 
other three compounds have only been obtained quite recently 
with the aid of the Grignard reagent (compare Robison and 
Kipping, Trans., 1908, 98, 439). Of all the alkyl and aryl com- 
pounds of silicon which have been prepared in these laboratories 
during the last few years, these benzyl derivatives are, perhaps, 
the most accessible; by the process described later, a modified 
method of applying the Grignard reagent, the mono-, di-, and tri- 
derivatives are easily produced and isolated.* When decomposed 
with water these chlorides give three different types of silicon 
compounds, namely, an acid, a silicone (or its hydrol), and 
a silicol respectively: C,H;-CH,"SiO,.H, (C,H,;°CH,).Si(OH)s, 
(C,H;°CH,),Si-OH. These compounds, being well adapted for the 
purpose, have been investigated with the object of studying the 
chemical behaviour and characteristic reactions of the respective 
types of silicon compounds, and of comparing their properties with 
those of the corresponding types of carbon compounds. 

The first matter to which we directed our attention was a study 
of the conditions under which tribenzylsilicol might be converted 
into the corresponding oxide. In the course of recent work, it has 
been found that many of the silicols, such as benzylethylpropylsilicol, 
are readily changed into oxides, and that these oxides are generally 
formed together with the silicol when a chloride of the type 
R,SiCl is decomposed with cold water, or with a solution of sodium 
carbonate (Kipping, Trans., 1907, 91, 209, 717). The spontaneous 
conversion of some silicols into the oxides at the ordinary tempera- 
ture has also been observed (Kipping, Trans., 1907, 91, 726; Robi- 
son and Kipping, Trans., 1908, 93, 450). In other cases, as, for 
example, in that of triphenylsilicyl chloride, the silicol alone seems 
to be formed when the chloride is treated with water, although the 


* Tetrabenzylsilicane is also formed by this method, but so far it has only been 
obtained as a by-product, and the best method of preparing it has not been 1n- 
vestigated. 


DERIVATIVES OF SILICON TETRACHLORIDE. 303 


silicol may be transformed into the oxide by heating it with an 
alcoholic solution of hydrogen chloride (Kipping and Lloyd, Trans., 
1901, 79, 449). Tribenzylsilicyl chloride behaves like triphenyl- 
silicyl chloride ; although the only product of its decomposition by 
water is the corresponding silicol (Robison and Kipping, Joc. cit.), 
the latter is converted into tribenzylsilicyl oxide, [Si(CH,*C,H;).|,0, 
when it is heated with concentrated hydrochloric acid. That the 
formation of the oxide under these conditions is not merely a 
temperature effect is shown by the fact that when the silicol is 
heated alone at 150° the oxide is not produced; even at higher 
temperatures, although the silicol suffers some decomposition on 
prolonged heating, it does not yield oxide in quantities which can 
be detected. Boiling acetic anhydride, which might be expected 
to transform the silicol into the oxide much more readily than does 
hydrochloric acid, has no action ; ‘acetyl chloride also does not bring 
about the formation of oxide, but converts the silicol quantitatively 
into tribenzylsilicyl chloride: 


Si(C,H,);*OH + CH,'CO-Cl= Si(C,H,),Cl+ CH,-CO,H. 


In a similar manner the silicol is transformed into the chloride 
when it is heated with excess of benzoyl chloride. Acid chlorides 
rarely act in this way on ordinary alcohols, although cases are not 
unknown in which fatty compounds, such as dimethylethylcarbinol, 
are converted into their chlorides by acetyl chloride. The above 
reactions therefore indicate a considerable difference between an 
alcohol and a silicol, and seem to afford fresh evidence of the fact 
that a silicol possesses a more “ basic” character than an alcohol, 
as, indeed, is only to be expected, since silicon, from its position 
in the periodic system, is known to be more electropositive than. 
carbon. Considering the rapidity with which the chlorine atom is 
displaced by hydroxyl when silicon tetrachloride, or any of its 
mono-, di-, or tri-alkyl derivatives, is treated with water, it is not a 
little surprising that tribenzylsilicyl chloride should be formed in 
the above manner. The substitution of chlorine for an ethoxy- 
group united with silicon was observed by Ladenburg (Annalen, 
1872, 164, 309), who found that at 200°, diethoxydiethylsilicane, 
SiEt,(OEt)., was transformed into ethoxydiethylsilicyl chloride by 
the action of acetyl chloride, whereas at 250° it was converted 
into diethylsilicon dichloride, SiEt,Cl,, by the action of benzoyl 
chloride. These changes are obviously comparable to those which 
we have observed, although perhaps they do not afford such striking 
examples of the difference between compounds of carbon and those 
of silicon. The readiness with which tribenzylsilicol is converted 
into the chloride by the action of acetyl chloride seemed to indicate 
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that the transformation of the silicol into the oxide with the aig 
of hydrochloric acid might be due to the initial formation, of 
chloride, which reacted with the silicol: 


Si(CH,*C,H;)sCl+ Si(CH,*C,H;),-OH =[Si(CH,°C,H;)3],0 + HCl. 


Some confirmation of this view, which would also account for the 
formation of oxide on treating the chloride with water, is afforded 
by the fact that tribenzylsilicyl oxide is readily formed when a 
mixture of the chloride and the silicol in xylene solution is heated 
with sodium ; on the other hand, it was found that the conversion 
of the silicol into the oxide may also be brought about by heating 
the former with a 20 per cent. solution of sodium hydroxide. The 
re-conversion of the oxide into the silicol has not yet been accom. 
plished; hot highly concentrated potassium hydroxide solution 
slowly decomposes the oxide into toluene and potassium silicate. 

The acids of the type R°SiO,H, where R represents an alkyl 
group, differ very greatly from the corresponding carboxylic acids in 
physical and in chemical properties. Silicopropionic acid or ethyl- 
metasilicic acid, C,H;*SiO,H, for example, is an amorphous sub- 
stance insoluble in all common solvents except potassium 
hydroxide solution. Silicophenylacetic acid (benzylmetasilicic acid), 
C,H,;°CH,"SiO,H, prepared by decomposing benzylsilicon trichloride 
with water, differs from ethylmetasilicic acid in being readily soluble 
in ether and many other organic solvents, and in being a resinous 
substance of low melting point. Thinking that the presence of a 
relatively large aryl radicle might so modify the properties of 
the -SiO,H group as to render silicophenylacetic acid comparable 
with a carboxylic acid, we made some experiments with this silicon 
compound in the hope of preparing some of its derivatives; but 
we soon found that it showed little resemblance to phenylacetic 
acid, its carbon analogue; it is insoluble in sodium carbonate solv- 
tion and in ammonium hydroxide, does not form stable salts with 
organic bases, such as aniline or phenylhydrazine, and cannot be 
esterified by the usual method. According to Ladenburg (Annalen, 
1874, 178, 151, 166), phenylmetasilicic acid, C,H,*SiO,H, and 
tolylmetasilicic acid, CH,*C,;H,°SiO,H, are converted into their 
anhydrides when they are heated at 100°. Benzylmetasilicic acid, 
however, seems to undergo no change at this temperature, nor does 
it seem to give an anhydride when it is heated at 150° during seven 
hours, or boiled with acetic anhydride during forty-eight hours. 

The ethyl ester of benzylorthosilicic’ acid, C,H;*CH,°Si(OEt)s 
may be obtained by treating the trichloride with alcohol; it is 4 
colourless liquid boiling at 250—256°/763 mm. It is completely 
decomposed by a hot concentrated solution of potassium hydroxide, 
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giving toluene, ethyl alcohol, and a silicate. The decomposition 
of benzyl derivatives of silicon by concentrated potassium hydroxide 
solution seems to be a general reaction ; just as sulphobenzylethyl- 
propylsilicyl oxide gives toluenesulphonic acid (Kipping, Trans., 
1908, 93, 472), so the ester just mentioned, the corresponding acid, 
and tribenzylsilicol are all readily decomposed with formation of 
toluene. 

Although tetra-alkyl and tetra-aryl derivatives of silicane may be 
prepared from silicon tetrachloride by the Fittig reaction (compare 
Polis, Joc. cit.; Kipping and Lloyd, Trans., 1901, 79, 449), our 
experiments seem to show that it is very difficult, if not impossible, 
to bring about the union of two silicon atoms by heating com- 
pounds of the type SiR,Cl or SiRCl, with sodium or potassium. 
Many attempts have been made to prepare the compound 
(C,H;*CH,),Si*Si(CH,°C,H;), from tribenzylsilicyl chloride, but so 
far without success; even potassium at high temperatures fails 
to give the desired result. 

The four ethyl derivatives of silicon tetrachloride, namely: 
SiCl,"C,H;, SiCl,(C,H;)2., SiCl(C,H;)3, and Si(C,H;),, were 
obtained long ago by Friedel, Crafts, and Ladenburg. Although 
these compounds are formed by the interaction of magnesium 
ethyl bromide and silicon tetrachloride, and although silicon 
ethyl trichloride may be prepared in this way without any great 
difficulty (Kipping, Trans., 1907, 91, 209), the isolation of diethyl- 
silicon dichloride and triethylsilicyl chloride from the products of 
this reaction is a very troublesome process, owing doubtless to the 
small differences in the boiling points of the three chloro-derivatives. 
Many experiments have been made in order to ascertain the most 
suitable conditions for the preparation of these ethyl derivatives, 
but in all cases, employing quantities corresponding with 2—2} 
molecules of magnesium ethyl bromide for every molecule of 
silicon tetrachloride, the product is a complex mixture which seems 
to contain, not only all the four ethyl derivatives mentioned above, 
but also more complex substances of high boiling points. The 
bulky mass of magnesium salt which remains after separating the 
various ethyl compounds referred to above is not completely soluble 
in water, but contains a very considerable proportion of some silicon 
compound or compounds, which, when treated with water, affords 
an insoluble, yellow, amorphous product. The constitution of 
this (impure) substance seems to be analogous to that of silico- 
oxalic acid (Friedel and Ladenburg, Annalen, 1880, 203, 250) 
and silico-mesoxalic acid (Gattermann and Ellery, Ber., 1899, 32, 
1114), inasmuch as it is slowly decomposed by water, much more 
tapidly by cold aqueous alkali, with evolution of hydrogen; 
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although many attempts have been made to isolate a pure compound 
from this product, so far they have been unsuccessful, owing to the 
insolubility of the material in all media except aqueous alkalis, 
Analysis of the crude preparation seems to indicate that it 
consists principally of a silicon compound having the composition 
C,H,0,Si.. We hope to obtain further information on this point 
by examining the products, apparently of a similar character, 
which are obtained when silicon tetrachloride is treated with an 
aryl bromide in the presence of magnesium. 

Our chief object in preparing diethylsilicon dichloride, 
Si(C,H;).Cl,, was to ascertain whether this compound would yield, 
on decomposition with water, a hydrol, Si(C,H;).(OH)., correspond- 
ing with that (or those) obtained from dibenzylsilicon dichloride, 
Si(C;H,),Cl, (Robison and Kipping, Joc. cit.). It seems, however, 
that dihydroxydiethylsilicane does not exist, and that the dichloride 
is directly converted into the silicone, SiEt,O, which then poly- 
merises, giving a compound of high molecular weight. 


EXPERIMENTAL. 


Preparation of Benzyl Deriwatives of Silicon Tetrachloride. 
A Modified Method of Applying the Grignard Reagent. 


In preparing benzylethylsilicon dichloride (Kipping, Trans., 1907, 
91, 717), it is impossible to know exactly the most suitable pro- 
portions of magnesium and of benzyl chloride to employ, owing to 
the formation of variable amounts of dibenzyl. The presence of 
suspended magnesium chloride in the ethereal solution of the 
Grignard reagent is also troublesome, and the separation of the 
dibenzyl from the benzylethylsilicon dichloride necessitates repeated 
fractional distillation. It occurred to one of us that all these 
disadvantages might be overcome, and that the actual preparation 
of the Grignard reagent might be obviated by gradually dropping 
benzyl chloride (1 molecule) into an ethereal solution of ethylsilicon 
trichloride (1 molecule) to which magnesium powder (1 atom) had 
been added. This modification of the usual method proved very 
successful; the addition of the benzyl chloride can be exactly 
regulated, the formation of dibenzyl is avoided, the preparation 
and isolation of the product takes much less time, and the yield 
seems to be greater than by the original process (compare Luff and 
Kipping, Trans., 1908, 93, 2004). In preparing the benzyl deriv- 
atives of silicon tetrachloride, this modified method of applying the 
Grignard reagent has been utilised. The theoretical quantity of 
magnesium, placed in a flask, is covered with an ethereal solution of 
silicon tetrachloride, and a small quantity of benzyl chloride is run 
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in. The reaction is started by adding a little magnesium benzyl 
chloride prepared in a test-tube, and as soon as it becomes fairly 
vigorous, the contents of the flask are cooled in ice. The rest of 
the benzyl chloride is then slowly run in, stirring all the time, and 
afterwards the contents of the flask are heated, if necessary, using 
a reflux condenser. The product is separated from the magnesium 
salt in the usual manner (Kipping, Trans., 1907, 91, 216), and 
purified by fractional distillation. 

Even when quantities of magnesium corresponding with 1, 2, or 
3 atoms, and of benzyl chloride corresponding with 1, 2, or 3 
molecules, are used, the desired product always contains a consider- 
able proportion of the other two benzylsilicon chlorides. The great 
difference between the boiling points of the mono-, di-, and tri- 
benzyl derivatives, however, renders their separation an easy matter, 
and details may be omitted. Hitherto no experiments have been 
made using 4 atoms of magnesium to 1 molecule of silicon tetra- 
chloride, but small amounts of tetrabenzylsilicane have been isolated 
in preparing the di- and tri-benzyl derivatives. 

Benzylsilicon trichloride, C,H,;*CH,*SiCl,, is obtained from the 
crude fraction of the product distilling over between about 
135 and 150°/100 mm. It is a colourless liquid, boiling at 
140—142°/100 mm., and has been recently described by Melzer 
(Ber., 1908, 41, 3390), who gives its boiling point as 94—96°/11 mm. 

Dibenzylsilicon dichloride, (CgH;*CH,),SiCl,, is prepared by frac- 
tionally distilling the crude product collected at 240—250°/100 mm. 
It melts at 50—52°, and boils at 241—245° (Robison and Kipping, 
loc. ctt.). 

Tribenzylsilicyl chloride melts at 141°, and boils at about 
300—360°/100 mm. The substance is only slowly decomposed when 
thrown into water, several hours elapsing before it is completely 
transformed into tribenzylsilicol. 


Experiments on the Conversion of Tribenzylsilicol into Tribenzyl- 
silicyl Oxide, [Si(CH,°C,H;)2|,0. 


The decomposition of tribenzylsilicyl chloride with water leads to 
the production of tribenzylsilicol (m. p. 104°), apparently quite 
free from oxide. When, however, the silicol is heated with con- 
centrated aqueous hydrochloric acid (the presence of alcohol does 
not hasten the process, but if anything retards it), it melts to an 
oil, which gradually changes in the course of many hours into the 
solid oxide. The oxide was crystallised from a mixture of chloroform 
and light petroleum, the unchanged silicol remaining in the mother- 
liquors : 

x 2 
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0°1443 gave 04259 CO, and 0°0878 H,O. C=8)5; H=6°8. 
0°3837 ,, 0°0748 SiO,. Si=9-1. 
C,,H,,OSi, requires C= 81:4 ; H=6°8; Si=9-l per cent. 


Tribenzylsilicyl oxide crystallises in compact, rhomboidal plates, 
melting at 205°. It is very soluble in chloroform, and sparingly so 
in light petroleum or alcohol. It is very stable, a boiling concen- 
trated solution of potassium hydroxide having little action on 1t. 
Attempts to convert the oxide into the silicol or into tribenzyl- 
silicyl chloride with the aid of phosphorus pentachloride were 
unsuccessful. 

Although tribenzylsilicol passes into the oxide when it is heated 
with hydrochloric acid, this transformation does not occur when the 
silicol is heated alone; at 150° it undergoes very little change, 
whereas when it is heated at 170° during two or three days it is 
almost entirely decomposed, giving a viscid, yellow fluid. The 
silicol is also unchanged when it is boiled with acetic anhydride 
during several hours. 


Action of Acetyl and Benzoyl Chlorides on the Silicol. 


When tribenzylsilicol is warmed with a large excess of acetyl 
chloride during some hours and the solution then evaporated, 
colourless crystals are deposited. This compound was proved to be 
identical with tribenzylsilicyl chloride (m. p. 141°), and the reaction 
seemed to have taken place quantitatively, inasmuch as neither 
silicol nor oxide could be detected in the crude product. 

As it seemed rather surprising that this silicol should give the 
chloride, whereas triphenylsilicol, according to Kipping and Lloyd 
(loc. cit.), gives an acetyl derivative when it is boiled with acetyl 
chloride, the behaviour of triphenylsilicol was examined. 

The pure compound was heated with excess of acetyl chloride 
during three hours, the solution evaporated, and the residue 
crystallised from light petroleum. This product melted at 88—89, 
and was identified as triphenylsilicyl chloride. It must be con- 
cluded, therefore, that the “triphenylsilicyl acetate” (m. p. 91°5°) 
described by Kipping and Lloyd (Joc. cit.) was, in fact, triphenyl- 
silicyl chloride.* 

‘Tribenzylsilicol also yields the corresponding chloride when it is 
boiled with excess of benzoyl chloride during several hours, and 
in this case also the reaction seems to take place quantitatively; 


* The analyses of this ‘‘acetate” and, in fact, all the analyses given in this 
paper by Kipping and Lloyd, except that of triphenylsilicol, were carried out by 
Lloyd.—F. S. K. 
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attempts to prepare the benzoyl derivative of the silicol by the 
Schotten-Baumann method were unsuccessful. 

When powdered tribenzylsilicol is thrown into a hot, very con- 
centrated solution of potassium hydroxide, it is decomposed with 
effervescence, toluene being evolved so rapidly that the hydrocarbon 
may be ignited at the mouth of the tube. Prolonged boiling with 
the dilute agent (20 per cent.) also decomposes the silicol ‘slowly, 
but at the same time a considerable quantity of tribenzylsilicyl oxide 
is formed. When alcoholic potash is used, the results are similar, 
but the yield of oxide seems to be diminished. 

Silicophenylacetic acid (benzylmetasilicic acid), CsH,*CH,*Si0,H. 
—When prepared by pouring benzylsilicon trichloride into water, 
this acid is obtained as a viscid, white, sticky mass, which, on 
standing, solidifies. When its ethereal solution is evaporated, it 
remains as a yellow, glue-like mass, which, after prolonged heating 
at 95° to expel ether, turns into a hard solid when allowed to cool. 
Both preparations gradually soften when heated, and at 70° are 
quite liquid. No definite melting point was observed, although 
Melzer, who recently prepared this compound, gives it the melting 
point 65—66° (loc. cit.). For analysis the samples were heated at 
100° until constant, and, as the acid retains ether with great 
pertinacity, prolonged heating was necessary : 


0°1254 gave 0°2548 CO, and 0°0652 H,O. C=55°4; H=5°7. 
02226 ,, 0°904 SiO, Si=19°09. 
C,H,0,Si requires C=55°1; H=5°3; Si=18°62 per cent. 


In a fused condition the acid is extraordinarily coherent, and 
can be drawn out into fine threads of great length. The substance 
is an excellent glue, and adheres to glass, paper, wood, and porcelain 
very firmly. It has the advantage of not being acted on by 
cold water, but hot water softens it. Methyl and ethyl alcohols 
dissolve it somewhat sparingly ; ether, ethyl acetate, acetone, aniline, 
and phenylhydrazine dissolve it readily. 

Silicophenylacetic acid dissolves rapidly in a warm, very con- 
centrated solution of potassium hydroxide, giving toluene and 
potassium silicate. In a cold dilute (83—4 per cent.) solution of 
potassium hydroxide, it dissolves only very slowly, and is reprecipi- 
tated, apparently unchanged, on acidifying. Sodium carbonate 
solution appears to have no action on the acid. 

The acid mixes in all proportions with aniline and with phenyl- 
hydrazine, but the salts, if formed, are completely decomposed by 
water, as the whole of the bases may be removed by distillation in 
steam, the acid being recovered unchanged. 

A sample of silicophenylacetic acid was heated at 150—160° 
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during eight hours; another specimen was boiled with acetic 
anhydride during forty-eight hours. In both cases, as far as could 
be ascertained, the acid was unchanged ; it melted completely below 
70°, and was readily soluble in ether. 

Ethyl Benzylorthosilicate, C,H;*CH,*Si(O-C,H;)3— Attempts to 
prepare an ester by boiling silicophenylacetic acid with ethyl alcohol 
in the presence of hydrochloric acid were unsuccessful. On adding 
benzylsilicon trichloride to anhydrous ethyl alcohol, the solution 
becomes hot, and a rapid evolution of hydrogen chloride takes place, 
On fractionally distilling the product under diminished pressure, 
two compounds may be isolated, namely, the normal ester, 
C,H;*CH,°Si(O-C,H;), and the oxide, [C,H,-CH,°Si(O-C,H,),},0. 

Melzer (loc. cit.), using the same method, has isolated the former 
of these substances. 

Ethyl benzylorthosilicate is a colourless, mobile oil, possessing a 
faint, not unpleasant, odour, and boiling at 170—175°/70 mm, 
250—256°/763 mm. : 


0°1687 gave 0°3782 CO, and 0°1325 H,O. C=6113; H=8°71. 

0°2464 ,, 0°0584 SiO,, Si=11°15. 

C,3;H,.0,Si requires C=61'27; H=872; Si=11°16 per cent. 

Neither cold nor hot water dissolves the oil in noticeable quantity, 
but if it is left in contact with cold water during some days, 
hydrolysis seems to occur. 

The ester is only very slowly hydrolysed by dilute aqueous 
potassium hydroxide solution at the ordinary temperature, but a 
hot, concentrated solution of potassium hydroxide decomposes it 
with effervescence, toluene being liberated. The ester is also imme- 
diately decomposed by dilute sulphuric acid, apparently with 
formation of silicophenylacetic acid. 

Benzyldiethozysilicyl oxide, [Cs,H;*CH,*Si(O-C,H;).|,0, is 4 
yellow oil, having a faint odour, and boiling at 256—260°/75 mm. 
It is insoluble in water, but miscible with ether: 


0°1531 gave 0°3405 CO, and 0°1100 H,O. C=60°65; H=8°05. 
0°1370 ,, 0°0380 SiO, Si=13°04. 
C..H,O0;Si, requires C= 60°67 ; H=7°88; Si=13°05 per cent. 


Action of Sodium on Tribenzylsilicyl Chloride. 


Several attempts have been made to remove the chlorine from 
tribenzylsilicyl chloride, and thus to cause the silicon atoms to 
unite, but the desired result has not been attained. In one of the 
first experiments, a sample of the chloride, which had been kept for 
some time, was dissolved in xylene, and the solution heated at its 
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boiling point with excess of sodium ; on cooling, the solution deposited 
a large quantity of pure tribenzylsilicyl oxide. 

As this result seemed to be due to the presence of tribenzyl 
silicol in the sample of chloride used, and as an analysis of the 
latter showed that it contained chlorine corresponding with 
only 92 per cent. of tribenzylsilicyl chloride, the experiment was 
repeated with a sample of the pure chloride obtained by heating 
the impure preparation with excess of acetyl chloride. In this case 
no appreciable action occurred at the boiling point of xylene, so 
the xylene was distilled off, and the mixture of sodium and tri- 
benzylsilicyl chloride heated at 200—-220° during three and a-half 
hours. After cooling, the product was treated with methyl alcohol 
to dissolve the unchanged sodium, and the residue was dissolved 
in chloroform; on evaporating, crystals of tribenzylsilicyl oxide 
(m. p. 204°5°) were obtained. The methyl-alcoholic solution con- , 
tained a small quantity of tribenzylsilicol. Several other experi- 
ments were tried, using potassium instead of sodium and varying 
the conditions, but the oxide was always obtained. Even when 
heated with potassium at 230° during several hours, the chloride 
seemed to give no appreciable quantity of potassium chloride, and 
there was no indication of the formation of the desired product. 

Similar experiments were made using benzylsilicon trichloride and 


benzylethylpropylsilicyl chloride instead of the tribenzyl derivative, 
but the results were equally unsatisfactory. 


Preparation of Diethylsilicon Dichloride. 


First Method.—When silicon tetrachloride, largely diluted with 
ether, is gradually treated in the cold with an ethereal solution of 
magnesium ethyl bromide (24 molecules) in the manner described 
in the preparation of ethylsilicon trichloride (Kipping, 
Trans., 1907, 91, 214), and the mixture then heated in a reflux 
apparatus during three to four hours, a large quantity of 
magnesium salt is precipitated. The ethereal solution of 
the product, together with the ethereal washings from the 
magnesium salt, give, on evaporation, a further deposit of solid 
matter, which is separated by filtration through asbestos. The 
fuming liquid which is thus obtained is a complex mixture. When 
fractionally distilled under atmospheric pressure, the thermometer 
rises slowly and regularly from about 95° to 150°, and at this tem- 
perature a considerable proportion (about 25 per cent.) of the total 
product remains as a dark-coloured, but mobile, residue. On re 
distilling the crude distillate, using a rod-and-disk column, or 
even a Young’s three-chamber column, it is no easy matter to isolate 
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the components of this mixture; but after many operations, ethyl- 
silicon trichloride (b. p. 100°), diethylsilicon dichloride (b. p 
128—130°), and triethylsilicyl chloride (b. p. 143°) may be obtained 
in a pure state. The yield of the dichloride is only about 18 grams 
from 160 grams of silicon tetrachloride. 

Various samples of the dichloride were analysed by decomposing 
with ammonia and titrating with silver nitrate. The results ranged 
from 44°1 to 44°8 per cent. of chlorine, whereas Si(C,H;),Cl, requires 
Cl=45'2 per cent. 

Second Method.—When silicon tetrachloride (1 molecule), mag. 
nesium (2 molecules), and some ether are placed together in a flask, 
and ethyl bromide is added in small quantities, some time elapses 
before any change sets in, and it may be necessary to warm gently; 
but when the reaction has once started, it proceeds vigorously, with 
- a considerable development of heat. The flask is therefore cooled 
in ice, and the rest of the ethyl bromide (2 molecules) added 
gradually from a tap funnel, the contents of the flask being rapidly 
stirred. During this process the magnesium gradually changes to 
magnesium salt, but the latter is very different from the bulky, 
somewhat gelatinous or colloidal compound which is formed when 
silicon tetrachloride is treated with an ethereal solution of mag- 
nesium ethyl bromide, and takes the form of a heavy, coarsely 
crystalline powder. As soon as the whole of the ethyl bromide has 
been added, the ethereal solution of the silicon compound may be 
separated by filtering and extracting in the usual way (Kipping, 
Trans., 1907, 91, 216), or by gradually heating the flask to 200° 
in an oil-bath until distillation ceases. The crude mixture of silicon 
compounds, obtained after evaporating the ether, behaves very much 
like that produced by the first method, and when distilled with a 
rod-and-disk column the thermometer rises slowly and regularly 
from about 95° to 150°, at which temperature a considerable pro- 
portion of a dark-coloured, mobile oil still remains in the distilling 
flask. By repeated fractional distillation, ethylsilicon trichloride 
and diethylsilicon dichloride may be obtained in a state of purity, 
but the yield of both is very poor, and a large proportion of the 
silicon in the original silicon tetrachloride seems to remain in the 
form of some complex compound in the magnesium chlorobromide 
(see below). 

Third Method.—When a mixture of silicon tetrachloride (1 mol.) 
and ethyl bromide (2 mols.), diluted with ether, is placed in a flask, 
and, after starting the reaction with the aid of a little magnesium 
ethyl bromide, magnesium powder is added in small quantities at 
a time to the well-cooled and vigorously-stirred solution, a change 
occurs similar to that observed in the second method of preparation. 
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The crude product, isolated in a similar manner, also seems to have 
much the same composition as that obtained by the second method, 
but the yield was no better. 


Diethylsilicone, (C.H;).SiO. 


When pure diethylsilicon dichloride is poured into cold water, it is 
immediately decomposed, giving an oil of about the same con- 
sistency as glycerol; this oil seems to be the silicone, and not the 
corresponding hydrol, (C,H;),Si(OH)., because when it is merely 
washed with water until free from hydrochloric acid, and is then 
kept over sulphuric acid, warming gently from time to time until 
constant in weight, the liquid so obtained has the composition 
Si(C,H;),0, as shown by the following analyses: 

01703 gave 0°2908 CO, and 0°1464 H,O. C=466; H=9°5. 

01146 ,, 0°0676 SiO, Si=27°5. 

C,H,,OSi requires C=46°8; H=9°8; Si=27°7 per cent. 

Diethylsilicone is insoluble or practically insoluble in water, but is 
miscible with ether, benzene, acetone, and other organic solvents. 

The molecular weight of this silicone was determined in various 
solvents, with the following results: 

By the cryoscopic method: 

0°3574 in 21°04 benzene gave A¢=—0°13. M.W.=694. 

By the ebullioscopic method: (I.) in benzene, (II.) in chloroform: 

Substance. Solvent. ‘ M.W. 
0-936 15°1 636 

IL 0°9212 15°0 : 545 
0°7947 17°7 ‘ 530 

As diethylsilicone requires M.W. = 102, these results show that the 
silicone is highly polymerised in these solvents; but except in one 
experiment, no evidence of the existence of definite polymeric forms 
has been obtained. In the case referred to, the dichloride was 
poured into a little distilled water, and the water and hydrochloric 
acid were expelled by heating on the water-bath; the product, 
when cooled, consisted of a transparent, yellow jelly. Repeated 
attempts were made to prepare this gelatinous substance again in 
4 similar manner, but the silicone was always obtained in the oily 
form described above. 


By-products formed in the Preparation of Diethylsilicon Dichloride. 


Although triethylsilicyl chloride is obtained as a by-product in 
preparing the diethyl derivative, very little, if any, tetraethyl- 
silicane (b. p. 154°) seems to be formed under the conditions 
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described above; as already stated, a considerable proportion of the 
crude product does not boil below 150°, but when this residue is frag. 
tionally distilled, the thermometer rises regularly up to about 200°, 
and even after repeated distillation no tetraethylsilicane or other 
compound can be isolated. That the reactions which occur in the 
preparation of the dichloride are very complex is also shown by 
an examination of the solid residue from which the volatile silicon 
compounds have been separated by extracting with ether or by 
distillation; this residue, although consisting principally of mag. 
nesium salts, contains a moderate proportion of some compound 
(or compounds) which is insoluble in water or dilute acids, and 
which remains as a yellow solid on dissolving the magnesium 
salts. When left in contact with water at the ordinary temperature, 
this solid very slowly evolves hydrogen, and when warmed with 
potassium hydroxide solution it dissolves readily, hydrogen being 
rapidly evolved. As the product is insoluble in all ordinary solvents, 
various samples were successively extracted with water, hydro- 
chloric acid, alcohol, ether, etc., and the dried residues analysed. 
The results, as might be expected from the method of purification, 
were not concordant, but they seemed to show that the main 
constituent of the yellow solid is a substance of the composition 
C,H,0,Si,, When the solid is dissolved in aqueous potassium 
hydroxide, and the solution is then treated with excess of dilute 
sulphuric acid, a gelatinous acid is precipitated; this acid seems 
to have the composition C,H,0,Si,, but as it is insoluble in all 
ordinary solvents, and as fractional precipitation gave products 
containing different proportions of silicon, we have not been able 
to establish its nature. As far as any conclusion can be drawn at 
present, it would seem that the original yellow solid is possibly a 
compound of the constitution C,H,*Si(OH),*SiO,H, which is decom- 
posed by potassium hydroxide, giving the potassium salts of ethyl- 
metasilicic acid and metasilicic acid, with evolution of hydrogen: 
C,H;°Si(OH),"SiO,H + 3KOH = C,H,°Si0,K + K,Si0, + Hs + 2H,0. 

Further experiments with these and with similar compounds 
obtained by the interaction of silicon tetrachloride, magnesium, 
and aryl halides are in progress. 


A part of the expense incurred in this research has been met by 
a grant from the Government Grant Committee of the Royal 
Society, for which the authors here express their thanks. 


UNIVERSITY COLLEGE, 
NoTrincHAM. 


of the 
8 frac. 
200°, 
other 
n the 
mn by 
silicon 
or by 
mag- 
ound 
, and 
esium 
ature, 
with 
being 
vents, 
ydro- 
lysed. 
ation, 
main 
sition 
sium 
lilute 
jeems 
n all 
ducts 
able 
mn at 
rly a 
com- 
thyl- 
n: 
1,0. 
unds 
jum, 


t by 
oyal 


ESTERIFICATION CONSTANTS OF SUBSTITUTED ACRYLIC ACIDS. 315 


XXXIX.—Esterification Constants of Substituted Acrylic 
Acids. Part III. 


By Joun JOSEPH SupDBOROUGH and JAMES Mytam GITTINS. 


In continuation of the work on the esterification constants of 
unsaturated acids (Trans., 1905, 87, 1840; 1907, 91, 1033; see 
also Trans., 1898, 73, 81), we have obtained the values given in the 


table on p. 319. 

The experiments were all made at 15° with hydrogen chloride as 
catalyst and with a specimen of Kahlbaum’s No. 1 methyl alcohol 
which had been distilled over calcium. This alcohol gave a constant 
for cinnamic acid which varied by only 1 to 2 per cent. from the 
value previously obtained, so that the numbers recorded in this 
paper are directly comparable with those determined by Sudborough 
and Roberts (Trans., 1905, 87, 1840). The alcohol used was not 
completely dehydrated, since on further treatment with calcium 
a product was obtained which gave a somewhat higher (15—20 per 
cent.) constant for cinnamic acid (compare Gyr, Ber., 1908, 41, 
4322). We decided, however, to use the alcohol which had been 
treated once with calcium, in order that the constants obtained 
should be directly comparable with those determined previously. 

1. The results obtained confirm the generalisation previously 
drawn, namely, that an af-unsaturated acid (a substituted acrylic 
acid) is esterified much less readily than its saturated analogue. 


The following table gives a comparison of the values, E¥f.on, so far 


af8-Unsaturated acid. Boon. Saturated acid. 


Crotonic : n-Butyric 

Cinnamic ‘ B-Phenylpropionic 

Methyl hydrogen — ; Methyl hydrogen succinate 17°25 2 
a . 1 n-Valeric 53°5 § 
# Furfurslalloncryiic ae 8-Furfurylpropionic .. ......  43°9 
Phenylpropylideneacetic ‘ 5-Phenyl-n-valeric ........... 39°5 
— ; Hydratropic 9°6 
pate ; \ Methylethylacetic............ 12°65 
8-Dimethylacrylic ............ 0° INE peccccressstsncssess ERE 
Trimethylacrylic ............... 0° Methylisopiopylacetic 
a-Methylacrylic ‘ isoButyric 

a8-Oleic Palmitic 

a-Phenylcinnamic 

a-Phenylalocinnamic 000288 ! 


* Sudborough and Roberts, Trans., 1905, 87, 1843. 

* Bone, Sudborough, and Sprankling, Trans., 1904, 85, 540. 

* Sudborough and Gittins, Trans., 1908, 93, 211. 

‘ Sudborough and Thomas, Trans., 1907, 91, 1033. The numbers previously 
obtained have been doubled, as the alcohol used gave low numbers. 

* Unpublished results of Sudborough and M. J. P. Davies. 
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determined for af-unsaturated acids and for their saturated 
analogues. 

Since the appearance of our last paper (Trans., 1907, 91, 1033), 
Kailan (Monatsh., 1907, 28, 1137) has confirmed the retarding 
influence of an af-ethylene linking in the case of cinnamic acid. 

2. The effect of a triple linking in the af-position is shown in 
the following series of acids: 


Acetylenic acid. Ex ou.  Olefinic acid. Eheou- Saturated acid. | 7 
Tetrolic 1°29 Crotonic......... 1°38! s#-Butyric............... 60% 
Phenylpropiolic. 0°64! Cinnamic 0°94 B-Phenylpropionic... 47:3 


The numbers show that a triple linking in the af-position has 
much the same effect on the esterification by the catalytic method 
as a double linking in the same position. 

3. The effect of a double linking in a position other than the 
aB is extremely well indicated in the values we have obtained. In 
the case of a By-unsaturated acid, the constant is always higher 
than that for the saturated analogue, as shown by the following 
numbers: 


By-Unsaturated acid. Enon: Saturated acid. Re. 


By-Phenylcrotonic, 

C,H;CH:CH°CH,"CO,H i 7-Phenyl-n-butyric ... 56°25 
Hydrosorbic, 

CH,;°CH,"°CH:CH°CH,°CO,H , n-Hexoic 
8-Phenylethylidenepropionic, 

CH,Ph*CH:CH°CH,°CO,H ' 5-Phenyl-n-valeric . 
Ethylidenepropionic, 

CH,;°CH:CH’°CH,"CO,.H ‘ n-Valeric 


When the double linking is still further removed from the 
carboxylic group, its effect is very slight, so that there is very little 
difference between the constant of the unsaturated acid and that 
of its saturated analogue. 


Unsaturated acid. ton: Saturated analogue Exon: 
Allylacetic, CH,:CH*CH,"CH,"CO,H... ’ n-Valeric 
Cinnameny]propionic ; +-Phenyl-n-valeric 


Oleic rf } Palmitic 


The acids, undecylenic, CH,:CH-[CH,],*CO,H, and _ erucic, 
CH,*[CH,])°CH:CH[CH,])*-CO,H, and the stereoisomeride of the 
latter, brassidic acid, give values between 51 and 54, which are of 
the order of magnitude of the constants for normal fatty acids 
(Trans., 1908, 93, 211). 

4. The effect of conjugate double bonds, one of which is in the 


? Sudborough and Roberts, Joc. cit. 2 Sudborough and Gittins, loc. cit. 
3 Sudborough and Thomas, Joc. cit. 
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apposition with respect to the carboxylic group, is seen in the 
case of sorbic and cinnamylideneacetic acids. 
Conjugate acid. Ben. Saturated. 
Sorbie, CH,*CH:CH*CH:CH°CO,H 0°73 n-Hexoic 
(innamylideneacetic, 
0,H,°CH:CH*°CH:CH’CO,H 0°74 5-Phenyl-n-valeric ... 

The conjugate linkings have a somewhat greater inhibiting effect 
than an aB-double linking. 

5. The relationships between the constants for cyclohexane- 
carboxylic, benzoic, and phenylacetic acids are interesting. In 
benzoic acid there are conjugate double linkings, one of which is 
in the aB-position, and when these are removed by reducing the 
benzoic acid to hexahydrobenzoic acid, the value of EX¥.o, rises from 
0°25 to 19°3. 

The value for cyclohexanecarboxylic acid is of the same order of 
magnitude as the dialkylated acetic acids, for example: 

cycloHexanecarboxylic 
Dimethylacetic (zsobutyric) 
Methylethylacetic 

When a methylene group is interposed between the benzene 
nucleus and the carboxylic group, as in phenylacetic acid, 
(,H,*CH,*CO,H, there is no longer a double bond in the af-position, 
and the constant rises to 50, a value of the same order of magnitude 
as those for the higher normal fatty acids. 

Undoubtedly interesting results would be obtained by a study 
of the di- and tetra-hydrobenzoic acids from the point of view of 
velocity of esterification, and we hope to be able to undertake this 
investigation at an early date. 

Some of the results we have obtained are of importance from a 
practical as well as from a theoretical point of view. There are 
various methods by means of which it is possible to determine 
whether, in a given unsaturated acid, the olefine linking is in the 
aB- or By-position. The two most commonly used are: (1) An 
examination of the products of oxidation, and (2) an investigation 
of the action of moderately concentrated sulphuric acid (Fittig, 
Annalen, 1894, 283, 51). The results which we have obtained 
suggest a further method, namely, a comparison of the esterification 
constant of the unsaturated acid with that of its reduction product 
(saturated analogue). If the constant for the saturated acid is of 
a much higher order of magnitude than that for the unsaturated 
acid, the presence of a double linking in the af8-position is proved. 
The method has the advantage that, as a rule, the acid can be 


recovered. 
1 Sudborough and Gittins, Joc. cit. 
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Our results also indicate that the method of fractional esterificg. 
tion could be used with advantage in the separation of a mixture 
of isomeric a8- and fy-unsaturated acids. This method has the 
advantage over Fittig’s, where the By-acid is always converted into 
a lactone, that both acids could be isolated. A similar method 
could also be used for the separation of a mixture of an 
aB-unsaturated acid and its reduction product. 


EXPERIMENTAL 


The general method of carrying out the determinations was 
identical with that already described (Trans., 1899, 75, 471): 
100 c.c. of a 0°1N-solution of the organic acid in methyl alcohol 
were prepared and titrated with standard barium hydroxide solution, 
using phenolphthalein as indicator. The number of c.c of the 
alkali required to neutralise 15 c.c. of this acid solution was taken 
as the value for a. Seventy c.c. of this acid solution were mixed 
with 70 c.c. of a standard solution of hydrogen chloride in methyl 
alcohol, and the time noted. The mixture was well shaken, and 
portions of 30 c.c. run into four small bottles, which were kept in 
a thermostat at 15°, and titrated after given intervals of time. 
The number of c.c. of alkali required in each case, less the 
number of c.c. required for the amount of hydrogen chloride 
present, gave the value a—z. The constant K was then calculated 
by means of the usual equation for a unimolecular reaction, 
K=1/tlog,a/a—z. To obtain comparative results, these numbers 
were multiplied by the concentration of the hydrogen chloride and 
by the factor 2°3026, and thus give the values of Eyton. 

In all cases, two or three series of determinations were made, 
frequently using hydrogen chloride of different concentrations, and 
the values, E, given are the means of all the results obtained. 


Preparation of the Acids. 


y-Phenylbutyric acid, CH,Ph*CH,*CH,°CO,H, was prepared by 
reducing phenyl-Sy-crotonic acid with sodium amalgam. Thiele 
(Annalen, 1899, 306, 101) has shown that af-unsaturated acids 
are more readily reduced than acids in which the double linking 
is further removed from the carboxylic group, and it is usually 
stated that Sy-unsaturated acids cannot be reduced by sodium 
amalgam and alkali (Fichter and Bauer, Ber., 1898, 31, 2003). 
Kipping and Hill (Trans., 1899, 75, 147) state that By-phenyl- 
crotonic acid is readily reduced by sodium amalgam at the ordinary 
temperature, whereas Jayne (Amnalen, 1883, 216, 97) states that 
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prolonged action and a fairly high temperature are necessary. 
Qur experiments confirm Jayne’s conclusion, as we were unable to 


1/tlog,)a/a - x. 


Conc. of Mean 
hydrogen corrected for 
Acid. chloride. Max. Min. NHC. Ekeon- 
cycloHexanecarboxylic rere 0°006612N 0°0580 0°0536 8°49 
0°02059N 0°177 °0°168 8°36 19°3 
0°02608N 0°224 0°213 8°32 } 
Benzoic 0°04372N 0°00484 0°00467 0°109 0-252 
0°05291N 0°00589 0°00581 0°110 
Phenylacetic 0°01241N 0°275 0267 . 
0°01214N 0°266 0°259 
0:°01866N 0:407 0°402 
8-Phenylpropionic 0°00995N 0°204 0°201 
0°0146N 0°311 0°302 
0°0118N 0°243 0°239 
y-Phenyl-n-butyric 00118N 09295 0°286 
0°00661N 0°162 0°158 
§-Phenyl-n-valeric _ 0°01274N 0°221 0°210 
0°01274N 0°226 0°213 
Furfury] propionic 0°01098N 0°217 0°198 
0°01921N 0°387 0°354 
a-Phenylpropionic 0°07345N 0°210 0°307 
0°07345N 0°311 0°300 
a-Phenylbenzylacetic 0°03857N 0°0608  0:°0595 
0°03857N 0°0602 0°0596 
0°01567N 0°368 0°358 
0°01761N 0°405 0°387 
0°01561N 0°387 0°359 
0°01563N 0°385 0°359 
0°01761N 0°420 0°407 
0°01561N 0°382 0°364 
0°01624N 0381 0°346 
0°01572N 0°383 0°350 
0°01588N 0°364 0°345 
0°01628N 0°394 0°348 
Phenyl-8y-crotonic 0°01147N 0°434 0°419 
0:01147N 0°450 0°426 
0°02162N 0°431 0°420 
0:02162N 0°439 0°427 
0°01133N 0°354 0°332 
0:0124N 0°374 0°365 
0'°07406N 00443 0°0421 
0°07578N 0°0461 0°0425 
0°01111N 0°411 0°380 
0°01037N 0°386 0°361 
0'02424N 06525 0°500 
0:01786N 0°396 0°368 
0°1814N 0:0587 0°0567 
0°0741N 0°0246 0°0233 
Sorbic acid 0°1454N 00466 0°0464 
0°1454N 0°0462 0°0455 
aB-Oleic 0°1003N 0:0573 0°0569 
é' . 0°03857N 0°0242 0°0223 
alloCinnamie 0°1003N 0.0387 0°0383 
0°1003N 0°0415 0°0399 
Tetrolic , 0°2039N 0°114 0°110 
0°2039N O'117 07114 


Allylacetic 

Hydrosorbic 
Phenylpropylideneacetie ... 
Phenylethylidenepropionic . 


Cinnamenylacetic 


FPR OR OROR SRS 


Cinnamylideneacetic 


ee 
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bring about the reduction at the ordinary temperature. The 
method we finally adopted was to dissolve the unsaturated acid jn 
a very slight excess of aqueous sodium hydroxide, and to maintain 
the solution at 80—90° during three days. This was accomplished 
by placing the solution in a separating funnel which was immersed 
in a hot-water bath. Some twenty times the theoretical amount of 
4 per cent. sodium amalgam was introduced in small portions, the 
whole was well shaken from time to time, and dilute sulphuric acid 
added occasionally, so that the solution was never strongly alkaline, 
The acid was subsequently precipitated by the addition of sulphuric 
acid, and, after several recrystallisations from light petroleum, 
gave a 50 per cent. yield of nearly pure phenylbutyric acid 
(mm. p. 47°59). 

5-Phenyl-n-valeric acid, C,H;*[CH,|,;CO,H, was prepared by re. 
ducing phenylpropylideneacetic acid (yd-dihydrocinnamylideneacetic 
acid) with sodium amalgam in alkaline solution at 60—80°. The 
product obtained was a mixture of the reduced and original acids, 
which was separated by repeated crystallisation from light 
petroleum (b. p. 34—40°), when the saturated acid was obtained 
in colourless prisms, m. p. 57—58°: Baeyer (Ber., 1880, 18, 122) 
gives m. p. 58—59°. 

The reduced cinnamylideneacetic acids were prepared by a method 
almost identical with that described by Riiber (Ber., 1904, 87, 
3121). Cinnamylideneacetic acid was crystallised from benzene and 
obtained in colourless prisms, m. p. 165°. 

B-Phenylethylidenepropionic acid (ad-dihydrocinnamylideneacetic 
acid), C,H,;-CH,-CH:CH-CH,°CO,H,  crystallises from _ light 
petroleum (b. p. 34—40°) in large, lustrous plates, m. p. 31° 
Cinnamenylpropionic acid (aS-dihydrocinnamylideneacetic acid), 
C,H;-CH:CH-CH,°CH,°CO,H, also crystallises from light petroleum 
(b. p. 40—60°) in long, colourless plates, m. p.91°. Phenyl 
propylideneacetic acid (yd-dihydrocinnamylideneacetic acid), 
C,H;-CH,-CH,*CH:CH-CO,H, crystallises from hot carbon di- 
sulphide in glistening, prismatic needles, m. p. 104°. a-Phenyl- 
benzylacetic acid, obtained by reducing a-phenylcinnamic acid 
with sodium amalgam, forms colourless crystals, m. p. 88—8%. 
Furfurylpropionic acid, obtained by reducing furfurylacrylic acid, 
was crystallised from light petroleum, and melted at 57—58°. 
Erucic acid crystallised from light petroleum (b. p.*30—40°) m 
colourless plates, and melted at 33°. It was transformed into its 
isomeride, brassidic acid, by means of nitrous acid, and this, after 
recrystallisation from a mixture of chioroform and light petroleum, 
was obtained in mother-of-pearl plates, m. p. 59°5—60°. 
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Part of the cost of this research has been met by grants made 
from the Research Fund Committee of the Royal Society, and we 
take this opportunity of expressing our indebtedness to the 
Committee. 
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XL.—The Influence of Solvents on the Rotation of 
Optically Active Compounds. Part XIV. Ethyl 


Tartrate in Benzaldehyde and in Quinoline. 


By Tuomas Stewart Patterson and Davip PaTERson 
McDona.p, M.A., B.Sc. 


In a recent communication (Trans., 1908, 93, 1837) attention was 
directed to certain regularities which had been observed in regard to 
the effect of temperature-change on the rotation of ethyl tartrate in 
solution. It was shown that whilst the homogeneous ester has a 
maximum rotation of +15° at 175°, a maximum rotation also occurs 
in media which, like nitrobenzene and a-nitronaphthalene, have a 
powerful elevating effect on the rotation of the tartrate. The value 
of this maximum rotation generally increases, and is displaced towards 
alower temperature as the dilution becomes greater. Further, when 
the specific rotation of a solution of ethy] tartrate in any of the 
solvents hitherto examined is greater than about + 20° at 20°, the 
rotation diminishes on heating. 

As these are perhaps the most comprehensive regularities yet 
observed in regard to rotation in solution, it seemed desirable to 
extend the investigation to include other solvents of this type. The 
present paper deals with two such, benzaldehyde and quinoline, both 
of which exhibit the behaviour described, but, in the case of quinoline, 
with some new and interesting modifications. 


Ethyl Tartrate in Benzaldehyde. 


In Fig. 1 is shown the concentration-rotation curve for benz- 
aldehyde at 20°, and for comparison the corresponding curve for nitro- 
benzene is included. The two curves show some difference. The 
influence of benzaldehyde is, at all concentrations, greater than that 
of nitrobenzene, the rotation being almost a linear function of the 
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concentration, whereas in nitrobenzene the rotation increases, op 
further dilution, more rapidly in dilute than in concentrated solution, 
The rotation at infinite dilution would be +47-5°, so that benzaldehyde 
is only inferior to “a-nitronaphthalene and o-dinitrobenzene in its 
solvent influence. 

As regards the effect of temperature-change, the behaviour of 
benzaldehyde is very much what was to be expected from the observa- 
tions recorded in the last paper (Part XIII) of this series, as is shown 
in Fig. 2. At the concentrations p=9°97 and p=35'5, when the 
specific rotation at 20° is much above + 20°, the rotation diminishes 


Fic. 1.— Concentration—Rotation curves. 


~ 
~ 
x) 
2 
~~ 
S 
3s 
> 
= 
2 
s 
=> 
> 
S 
Ss 
RQ 


Concentration (p). 
P, 


Ethyl tartrate in various solvents. 


rapidly on heating and to a greater extent in the more dilute solution, 
whereas at the concentration y= 78°75, when the specific rotation at 
20° is somewhat below + 20°, the rotation increases to a slight extent. 
At intermediate concentrations a maximum rotation would doubtless 
appear. 

It is also interesting that the expression, [a]})” = 0°495 [a]}” + 10583, 
connecting the rotation at 100° with that at 20°, deduced in the previous 
paper from the behaviour of two nitrobenzene solutions—an expression 
which was shown to govern with remarkable closeness the change of 
rotation with alteration of temperature in a considerable number of 
solvents—applies also, equally satisfactorily, to the solutions in benz 
aldehyde. 
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The following table shows the agreement between the experimental 
and the calculated values, 
[a]o* [a]! 
p. [a]? (observed). (calculated). 
9°97 +42°4° +29°7° +31°6° 
35°5 31°3 25°4 26°1 
78°75 15°7 17°6 18°4 
The behaviour of benzaldehyde may thus be described as normal, 
insmuch as it is in agreement with the regularities observed for 
other solvents. 
Fic. 2.—Temperature-Rotation curves. 
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Ethyl Tartrate in Quinoline. 


The data for quinoline, which differ in important respects from 
those obtained for benzaldehyde, are represented by some of the 
curves in Figs. 1 and 2. In Fig. 1 the concentration-rotation curve 
isshown. Following the curve from right to left it will be seen that 
addition of quinoline to the pure ester raises the rotation of the 
latter much more rapidly even than nitrobenzene or benzaldehyde. 

Y 2 
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The rate of increase becomes less, however, as the proportion of 
quinoline increases, until at a concentration of p=44 the specific 
rotation has a maximum value of +29°. Further dilution then 
causes diminution of the rotation, which reaches a final value of 
+15°4° at infinite dilution. The curveiis thus in its general 
character similar to that representing the variation of the specific 
rotation of solutions of ethyl tartrate in benzantialdoxime (Trans,, 
1907, 91, 508), which rises gradually to the maximum value 
+ 13°6° at p=70, and then rapidly falls to reach the value — 16° at 
infinite dilution. 

Other solvents also show an analogous, but much less marked, 
behaviour, as, for example, glycerol, ethyl alcohol, -propyl alcohol 
(Trans., 1901, 79, 180), isobutyl alcohol, sec.-octyl alcohol (Trans,, 
1901, 79, 483), carbon tetrachloride, methylene chloride, and ethylidene 
chloride (Trans., 1908, 93, 355). In these cases a minimum rotation 
—not a maximum—occurs, but the cause is possibly similar. 

It is perhaps worth remarking that the maximum rotation is 
found in a mixture containing very nearly two molecules of quinoline 
for one molecule of ethyl tartrate, and although we do not wish to 
lay any very particular stress on this point, we may recall the fact 
that the maximum rotation at 20° for ethyl tartrate in benzaldoxime 
occurs at the concentration p=70, nearly corresponding with one 
molecule of ethyl tartrate and one molecule of oxime (Trans., 1907, 91, 
509), whilst the minimum rotation in glycerol at the same temperature 
is found at the concentration p= 68 (Trans., 1901, 79, 179), which is 
very nearly in the proportion of one molecule of ethyl tartrate to one 
molecule of glycerol. The significance of these facts is, however, con- 
siderably minimised by the consideration that the concentrations at 
which these critical rotations occur are not the same* for different 
temperatures, in the same way that the composition of the constant 
boiling mixture of hydrogen chloride and water varies with the 
pressure. 

The conc ntration-rotation curve for ethyl tartrate in quinoline is 
thus remarkable, but is not without congeners. The temperature 
rotation curves are, however, unique. The rotations of all the 
solutions examined, except the most dilute, have values at 2 
greater than +20°. It was therefore to be expected that, on heating, 
the rotations should diminish, and this is, indeed, the case, but it will be 
noticed that the curves differ distinctly from those representing the 
behaviour of solutions in benzaldehyde and nitrobenzene, inasmuch #8 
they are convex with regard to the point of origin of the figure 


* They do not differ very much, however. In quinoline, the maximum rotation 
occurs at 20° at p=44 and at 70° at py=50, 
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Each, indeed, seems to tend towards a minimum value, which in the 
case of a p= 10 solution would lie about +16° at 95°. Unfortunately 
we were unable definitely to ascertain whether there really is a 
minimum or not, since at a temperature near 130° decomposition 
ensued, and the solutions became too dark in colour to be examined 
with accuracy in the polarimeter, a fact which somewhat favours the 
view that in this case the rotation changes may be due to chemical 
combination between solvent and solute, since neither substance 
alone would be altered at that temperature. We may specially remark 
that heating of the solutions—at least up to about 120°—did not 
permanently alter their activity; their rotations returned to the 
original values on cooling. 

It will be obvious from the curves in Fig. 2 that the expression 
quoted on p. 322 could not be applied satisfactorily in this case. It 
may be that the peculiar behaviour of the quinoline solutions on 
heating is connected with the form of the concentration-rotation 
curve, and that other solvents causing the same type of concentration 
curve and having a, powerful elevating influence will have ‘a similar 
temperature effect. The elucidation of this point must be left for 
future investigation, 


EXPERIMENTAL. 


Ethyl Tartrate in Benzaldehyde. 


The benzaldehyde was carefully purified and was distilled under 
diminished pressure. The data obtained were as follows : 


20° 38°8° 49°6° 60°3° 78° 100° 
_ 2°87 2°74 2°58 2°36 — 
42°4* 39°2 37°8 35°9 33°3 29°7* 


20° 23°3° 75° 79° 100° 
a’ (70 mm.) +882 — 8°49 715 = 7°05 _- 
+32°0 =31°3* = 31°01 27°36 =627°08 §=25°4* 


Il, p= 78°75. 
20° 84°2°  47°8°~—s «64° 81° 87°4° 100° 


a (70 mm.)... +10°15 10°23 10°31 10°55 10°67 10°66 _ 
+15°72 16°07 16°42 17°09 17°41 17°51 = 17°6* 


* Interpolated or extrapolated values. 
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Densities Determined. 


Solvent. a 
i a, 
"ol d. ‘. d. 
18°5° 1°0517 18 05° 1°0650 
20 1°0498 20 1°0634* 
31°65 1°0398 21°5 1°0620 
31°1 1°054 
42°4 1°043 
* Interpolated or extrapolated values. 
+ By an oversight, the density of solution III was not determined. The density 
values used in calculating the specific rotation have therefore been derived by inter. 
polation from the data for the pure solvent, for ethyl tartrate, and for the two 


solutions. 


Ethyl Tartrate in Quinoline. 


The quinoline was carefully re-distilled. It boiled at 114°/17 mm. 
(oil-vath at 155°). 


I. p=1-021. 


e. a’ (400 mm.). Density. 
26° +0°752° 1:090 


II. p=10-05. 
26° 47°5° 85°5° 114°5° 

3°824 3°210 2°736 2°714 
21°55 18°38 16°13 16°38 


26° 42° 60°8° 82°5° 107° 
11°772 10°466 9°279 8502 8:18 
25°89 23°23 20°88 19°49 19°03 


46°9° 77° 105° 131°¢ 
10°326 9°24 8447 8°08 
24°24 22°17 20°70 20°16 


21°3° 26° 41°5° 
+14°33 13972 13°18 
21°56 21°08 20°13 
* Interpolated. 
+ At this temperature, the solution darkened, and an accurate reading was not 
possible, It was certain, however, that the rotation was still diminishing. 


} Extrapolated. 
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Densities Determined. 
III. 
, eS 
t°. i f. d, 
19°5° 1°109 19°8° 1°1293 20°3° 1°181 
22°5 1°107 22°6 1°1268 28°0 1°174 
97°0 1°103 25°3 1°1247 
99°0 1°044 99°0 1°060 


Tue UNIVERSITY, 
GLASGOW. 


XLI.—The Action of B-Rays on Photosensitive Solutions. 


By Orro FLascHner. 


Or the whole radiation emanating from radioactive matter, the 
Brays affect the photographic plate the most. Since, however, it 
isimpossible to measure the intensity of the effect on a photographic 
plate with appreciable accuracy, it seemed to be of interest to 
ascertain if other actinometers are affected by the A-rays, and if 
the magnitude of the reaction is within easily measurable limits ; 
further, to discover if laws similar to those proved to hold by the 
electrometric method of measurement can be substantiated if the 
intensity of radiation is measured by a chemical reaction. 

The present paper gives a preliminary account of the work. 

The use of a silver electrode covered with a silver halide as an 
actinometer was first due to Becquerel (1839). More recent 
researches by Luggin (Zeitsch. physikal. Chem., 1894, 14, 385 ; 1897, 
23, 577) have extended our knowledge by showing that the sensitive- 
ness of such an electrode is much increased by using platinum 
covered with silver halide previously polarised to a high potential. 
For instance, the potential of such an electrode when illuminated 
with an Argand burner (2°78 K.M~-?) * rises from —0°345 in direct 
proportion to the time of exposure to —0°133 volt, and returns to 
its initial value when the source of light is removed. 

For the experiments forming the subject of this paper I had at 
my disposal radium emanation which had accumulated from a 
solution of radium bromide corresponding with about 0°23 gram 
of metallic radium. For the purpose in view, the electrode was made 
of such a shape that the gas could be introduced and kept on its 
surface. Fig. 1 gives an idea of the apparatus used. A small, 
round platinum disk, 1°5 sq. cm. in area and 0°002 cm. thick, 
was cemented to the end of the inner tube 7. The platinum plate 
was electrolytically coated with 4°18 milligrams of silver, which 
was then converted into silver bromide. The electrode was after- 
wards thoroughly washed. From the platinum plate a platinum 


* That is, the illumination being 2°7 ca1dle-power per sq. metre. 


328 FLASCHNER: THE ACTION OF 


wire led downwards and projected through the tube. In this wa 
it was possible to measure the potential of the electrode from the 
outside. The space below the electrode could be evacuated, while 
the tap Z was opened so as to make the pressure on both sides of 
the platinum plate nearly 
equal. The space above the 
electrode was filled with 0°1y. 
solution of potassium bromide, 
This solution was supplied from 
the reservoir S, and it com. 
municated with a 0°1N-calomel 
electrode, which is the negative 
pole of the cell. The emana. 
tion, mixed with about 1 cc, 
of any gas other than hydrogen, 
and passed into the apparatus 
through the inverted siphon, 
was forced up by raising the 
mercury in R. The outside of 
the electrode was protected 
against the action of light by 
means of black paper. The 
method of measuring was the 
compensation method, using a 
Dolezalek electrometer as 4 
null-instrument. 

Experiment I.—The emans 
tion had accumulated for 
twenty-two hours, and was 
mixed with 1 c.c. of oxygen. 
The following table shows the 
increase of the positive poter- 
tial with time expressed in minutes. It may be mentioned that the 
potential was observed one day before starting the experiment, and 
proved constant within 0°004 volt. 


Fie. 1. 


Taste I. 


| Minutes. 
3220 
4270 
5700 
7080 
8610 
10030 
11790 
17370 
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From these numbers it is surprising to see that the increase of 
potential is not linear ; the maximum is reached slowly, and persists 
for a long time ; then the potential falls below its initial value. 

Experiment II.—The same electrode was used for this experiment 
after the potential raised by the first introduction of emanation 
had sunk to a low value. The emanation had accumulated for 
twenty-one hours, and was mixed with 1 c.c. of nitrogen. 


Tase II. 


Volt. Minutes. | Volt. Minutes. 
0°080 0 0°141 5610 
0:075 240 0°142 6000 
0°154 1310 0°131 7020 
0'148 1740 0°130 8880 
0°146 2760 0°110 10080 
0°133 4290 0°069 21480 


The maximum was obtained in a shorter time than in the first 
experiment. The conclusions to be drawn from these two experi- 
ments are: 

(1) The potential of an AgBr/KBr electrode is changed under 
the influence of f-rays in the same direction as it would be by 
the action of light. 

(2) The higher the initial potential the more sensitive is the 
electrode to B-rays, just as in the case of light. 

The Eder’s actinometer (Sitzwngsber. K. Akad. wiss. Wien, 1879, 
2, 636) was chosen as a second type of a reaction which is 
influenced by light. This is represented by the approximate 
equation: 2HgCl,+C,0,(NH,).=Hg.Cly + 2NH,Cl+2CO,. The 
latest work on this subject has been done by Roloff (Zettsch. physikal. 
Chem., 1894, 18, 329), who showed that an increase of the oxalic 
and mercuric ions produced an acceleration of the reaction. Con- 
sequently the light-reaction can be regarded as a catalysis of 

2Hg"* + 0,0,” = 2Hg* + 2C0,,. 

From this result, and from the results of two other light-reactions 
which he examined, Roloff concluded that reactions influenced by 
light consist in a transport of electric charge, and that the action 
of light has an accelerating influence on the transport. “If the 
electric charge of an ion has a tendency to pass into a more stable 
condition or to another atom, where it is in a more stable condition, 
it is evident that this transport is accelerated by certain electrical 
vibrations due to light.” 

From these conclusions it was very probable that B-rays would 
affect the same reaction. Becquerel (Compt. rend., 1901, 138, 709) 
has already stated that this reaction takes place under the influence 
of radium radiations. To ascertain the kind of rays to which this 
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reaction is due, a box of paraffin was made and divided by very 
thin glass sheets into five separate cells. The depth of each cel] 
was about 2°5 cm., and its capacity was 25 c.c. The box was 


filled with the Eder’s solution and placed outside a bulb which | 


contained a solution of radium bromide, so that the rays could 
pass through all the cells one after the other. 
The weight of mercurous chloride precipitated was as follows: 


Bt OOH Oi 3. cnccesstsasceee 0°0806 gram. 
as 2. 


” 


It is evident from these numbers that the acceleration of the 
reaction is chiefly due to f-rays. 
It would be of interest to see how the strength of B-rays measured 


Fic. 2. 


a 


MAO Sy 


Moncscinall 


by this reaction is diminished by interposition of metallic sheets. 
Further, the connexion between the velocity of the A-rays and 
chemical action seems to be interesting. A quantitative comparison 
between the actinometric effect of light and of a constant source of 
B-rays remains to be investigated. 

Attention may here be drawn to a curious observation. Two 
glass bulbs (Fig. 2), both containing solutions of radium bromide— 
the first 0°05 gram and the.second 0°497 gram—were connected to 
a pump and evacuated. The f-rays between these bulbs were cut 
off by means of a lead screen 3 mm. thick. Outside both bulbs 
were placed tubes containing 75 c.c. of Eder’s solution. It might 
have been expected that the bulb containing 0°497 gram of radium 
bromide would have had about ten times the effect of the other, 
which contained only 0°05 gram. It was surprising to notice that 
the tube beside the latter yielded a precipitate of 0°2863 gram of 
mercurous chloride during twenty-four days, whilst the one beside 
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the former contained a precipitate of only 0°2254 gram accumulated 
in the same time. An explanation would be that the amount of 
water in both bulbs was nearly the same—slightly more in that 
containing 0°05 gram—so that the emanation distilled over and 
was divided between the two bulbs according to the water present. 

From the facts noted it appears evident that there is a similarity 
between the chemical effect of light and that of A-rays. 

I hope shortly to extend this investigation to other photochemical 
processes, including the assimilation of plants. 


I take the opportunity of expressing my thanks to Sir William 
Ramsay for his help and advice, as well as for the kind way in 
which he placed the radioactive preparations at my disposal. 


UNIVERSITY COLLEGE, 
LonpDoN. 


XLI.—The Effect of Contiguous Unsaturated Groups 


on Optical Actiity. Part I. 
By Tuomas Percy Hivpitcw (1851 Exhibition Scholar). 


A CONSIDERABLE time has elapsed since the anomalous chemical 
behaviour of two contiguous ethylenic linkings was first remarked, 
notably by Fittig (Annalen, 1872, 161, 309, etc.), Baeyer (Annalen, 
1889, 251, 278, ete.), and others working on reactions such as the 
addition of hydrogen to compounds containing this unsaturated 
system. The explanation put forward by J. Thiele (Annalen, 1899, 
306, 87), that the affinities of the carbon atoms are not completely 
utilised in the formation of a double bond, and that, therefore, each 
atom in the system is left with a residue of affinity (a “ partial 
valency”), served to adapt the accepted statical views of chemical 
structure to the observed facts in this and several other cases, such 
as the addition of sodium hydrogen sulphite to carbonyl compounds 
containing the nucleus *CH:CH°CO:, when (by addition to the 
ethylenic bond) the sodium salt of a ketonic hydrosulphonic acid, 
and not the usual “ bisulphite compound,” is formed (Pinner, Ber., 
1883, 16, 1727; Ludwig, Monatsh., 1888, 9, 658, Knoevenagel, 
Ber., 1904, 37, 4038). 

The irregularities shown by these compounds in chemical behaviour 
also extend to various physical properties, for in cases where it is 
possible to estimate the numerical value of the property in question, 
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it is found that discrepancies exist between the calculated and 
observed figures for substances containing adjacent unsaturated 
groups. For instance, the refractive index of such compounds jg 
usually abnormally large (Briihl, Ber., 1907, 40, 881, 1157), and 
Sir W. H. Perkin observed similar anomalies in magnetic rotatory 
power (Trans, 1907, 91, 806). The present work extends the 
examination of the physical properties of these groups to optical 
activity, in order to inquire if similar abnormal behaviour exists 
here ; the rotatory power of optically active compounds which possess 
a system of contiguous unsaturated groups has been observed to be 
abnormal in several isolated instances, but a systematic study of the 
effect of the various different combinations of adjacent unsaturated 
groups does not appear yet to have been undertaken. The author is 
at present engaged in the examination of several such series, and it 
is hoped to publish data in subsequent papers relating to the 
molecular rotatory power of optically active substances containing 
carbonyl, carboxyl, benzenoid, ethenoid, or other unsaturated radicles 
in adjacent positions to each other, and so to obtain a conception of 
the precise effect of different types of conjugated unsaturation on 
this somewhat complex physical property. The results now 
presented deal chiefly with the effect “of interposing a relatively 
saturated group between the asymmetric atom and the system of 
contiguous unsaturated groups, whilst at the same time the influence 
of carbonyl and ethylenic groups in conjunction with the benzenoid 
residue is discussed. 

From the general susceptibility of optical activity to constitutive 
changes, it might be expected that even greater irregularities than 
those noticed in the other optical properties would be manifested, 
but molecular rotatory power is influenced by so many factors that 
it is necessary to examine a wide range of instances before reaching 
a satisfactory generalisation. For example, Guye, Tschugaeff, and 
others have shown that, other things being equal, an alteration of 
mass frequently has but a small effect, whilst a change in constitution 
may, or may not, produce a large change in optical activity ; on the 
other hand, the same alteration in constitution has been observed to 
give rise to different effects in optical rotatory power in different series 
of compounds (compare Trans., 1908, 93, 714). These irregularities are 
probably due to: 

(1) Influence exerted by other (at present unrecognised) factors, 
which, acting on the physical property of matter to which optical 
activity is ultimately due, are sometimes strong enough to mask the 
effect of the studied change in constitution. 

(2) Influences due to the spacial configuration of the molecule. 
In the majority of cases the latter cannot be defined with any 
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degree of certainty, and therefore there is no absolute criterion 
of the remoteness or nearness of any given group to an 
“asymmetric” atom, unless they are directly united to each 


other. 
(3) The alteration in optical activity produced in each asymmetric 


residue (in the case of compounds containing two or more asymmetric 
atoms). The total effect may thus be made up of the algebraic sum 
of the effects produced in each asymmetric atom, and will be increased 
or lessened according to whether each individual residue is affected in 
the same or in contrary sense. 

An example, in which two contiguous unsaturated groups are 
directly united to two asymmetric atoms, and produce a very 
marked increase in activity, is afforded by the condensation products 
of aromatic aldehydes with ketones containing the system 

C-C-C-C * 
O CH:R’ 

examined by Haller (Compt. rend., 1899, 128, 1370; 129, 1005, 
ete.) : 

Benzylidenecamphor 

Benzylcamphor 

Hexahydrobenzylidenecamphor 

Hexahydrobenzyleamphor .............2+++» 

Camphor 

Several other instances show that this is a general phenomenon in 

the camphor series : 
[M]po. 
Piperonylidenecamphor... +1236°5 Piperonyleamphor 
Cuminylidenecamphor ... 1397°8 Cuminylcamphor 


Benzylidenethujone 1416°3 Thujone 
Piperonylidenethujone .. 2172°6 


The increased anomaly of the thujone compounds may be due to 
the fact that one of the asymmetric atoms in thujone is also attached 
toa trimethylene ring system, which is known to behave as an un- 
saturated group. ‘The introduction of more unsaturated groups into 
the benzylidene residue, on the other hand, does not lead to further 
exaltation (Rupe and Frisell, Ber., 1905, 38, 104): 


Cinnamylidenecamphor ...........+ss0s+s0080+ 
-Phenylpropylcamphor 


Again, bornylamine derivatives of the type 


possess a different asymmetric system from that mentioned above, 
* Throughout this paper, asymmetric atoms are indicated by heavy type. 
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and in which the unsaturated system is directly attached to one only 
of the three optically active atoms, show an entirely different effect 
(Forster, Trans., 1900, 75, 1149); this may be further occasioned by 
the nitrogen atom ‘interposed between the asymmetric and conjugated 
systems, the results given in the present paper indicating that a 
nitrogen or sexavalent sulphur atom so placed prevents in a large 
degree the exhibition of any characteristic effect by the unsaturated 
groups : 


Bornylamine 
Benzylidenebornylamine 
Benzylbornylamine 


When terpene compounds containing adjacent and _ separated 
double linkings, and possessing exactly the same system of asymmetric 
arbon atoms, are compared, it is seen that the conjugated derivative 
possesses a molecular rotation usually markedly greater than that of 
the corresponding unconjugated derivative. The following instances 
may be selected to show this: 


CoNJUGATED. UNCONJUGATED. 


A3:8().»-Menthadiene. Menthene. 
CH,—CH ; CH,—CHx,,,, 
CHMe< 7. ‘CH, >>C-CMe:0H, CHMe< orp. € CHMe, 
[M+ 133 6°. [M], + 45°2°. 


(Kay and Perkin, Trans., 1906, (Urban and Kremers, Amer. Chem. J., 
, 839.) 1894, 16, 397.) 


Phellandrene, Carvomenthene, 
CH-CH. ayy, CH-CH, 
CMe<oq—cpo> CH CHMe, CMe <oH,: CH: >CH-CHMe, 
[M], + 82°1°. [M), ~ 2° 9°. 
(Gildemeister and Stephan, (Kondakoff and Lutschinin, 
Arch. Pharm., 1897, 285, 591.) J. pr. Chem., 1899, [ii], 60, 275.) 


Carone. Pcie 


CH: CH, ‘OH, CHM 
cH,<{ “Sco 
GH- CO-CHMe C(CH Me,): CH, 


[M], + 262°6°. [M],+113°2°. 
(Baeyer, Ber., 1895, 28, 639.) (Haller, Zoc. cit.) 


CMe. ic 


In the last case, one of the conjugated groups is represented by the 
trimethylene ring complex, which, as already stated, behaves similarly 
to an ethylenic linking in other physical properties, such as molecular 
refractivity. 

Klages and Sautter (Ber., 1904, 37, 649; 1905, 38, 2312) have 
described some optically active benzene hydrocarbons which inci- 
dentally give prominence to the exaltation produced by contiguous 


— ——_— a —_ aac so <_< we co 
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benzenoid and ethenoid groups when in immediate proximity to an 
asymmetric atom, thus : 
CHPh:CH’°CHMcEt. 
a-Phenyl-y-methyl-A*-pentene 
a-p-iso Propylphenyl-y-methy1-A*-pentene 
a-p-Ethoxyphenyl-y-methyl-A*-pentene 
CH,Ph’CH,°CH MeEt. 
a-Phenyl-y-methylpentane 
a-p-isoPropylphenyl-7-methylpentane 
a-p-Ethoxyphenyl-y-methylpentane............... 


The author has previously remarked (Trans., 1908, 93, 1388) that 
alkaloid salts of aromatic acids containing adjacent unsaturated 
groups also show enhanced optical activity, although multiple 
conjugation does not always produce continued exaltation. For 


instance : 
[M]. Difference. 
* Normal” value for a brucine salt 
Brucine benzoate 
»> e@utiranilate......:......... 
»  acetylanthranilate : 
»,  benzoylanthranilate +156°2 


* That is, the mean molecular rotatory power of the series of salts or esters from 
acetic to 2-hexoic acid. 


A very striking example, showing at once the minute effect of 
substitution of normal groups of widely different weight at a point 
relatively distant from the active atoms, and also the influence of 
contiguous unsaturated groups near to the latter, is afforded by the 
diethyl and ethyl octyl esters of tartaric, diacetyl- and dibenzoyl- 
tartaric acids (McCrae, Trans., 1901, 79, 1106): 


Diethyl] ester. Ethyl octyl ester. 


Acid. [M]p. Difference. [M]>. Difference. 
Tartaric -- +22°6° - 
Diacetyltartaric : 5°9 +15°8 6°8 
Dibenzoyltartaric — 247°1 262°9 — 245°8 268°4 


The carbonyl residue alone produces a slight increase, which is 
much heightened by conjugation with an aromatic nucleus. Similarly, 
active esters of the normal fatty acids attain an almost constant 
value for the molecular rotation, whereas benzoates and phenyl- 
aetates are abnormal (Guye and Chavanne, Bull. Soc. chim., 1896, 
[ii], 15, 277; Welt, Ann. Chim. Phys., 1895, [vii], 6, 115; 
Tschugaeff, Ber., 1898, 31, 360, 1775). These results, together with 
Rupe’s work on the reduced benzoic and the isomeric unsaturated 
pentenoic and hexenoic menthyl esters (Annalen, 1903, 327, 157), 
have led to the latter author’s suggestion that it isin the main the 
hearness of the unsaturated group to the asymmetric system which 


336 HILDITCH: THE EFFECT OF CONTIGUOUS UNSATURATED 


determines the extent of the anomaly, phenyl and ethenoid groups 
possessing particularly strong effects. It appears to the author, 
however, that the reason depends at least as much on the proximity 
of the unsaturated nucleus to the carboxyl group as well as to the 
asymmetric system, or, in other words, on the degree of conjugation 
together with the nearness of the entire conjugated system to 
the asymmetric part of the molecule; it is hoped to deal with this 
point in detail in a later communication. 

Two parallel series of compounds have been utilised in the present 
work, namely, the camphoric acid and camphor-f-sulphonic acid 
derivatives of certain aromatic hydroxylic and amino-compounds, 
As will be gathered from the formule, in the former case the 
aromatic complex is directly connected through a carboxyl group 
to an asymmetric carbon atom, whilst in the latter the more saturated 
sulphonic residue is interposed : 

CMe,°CH-CO,H JO 
<< | Ciel OMe, - 
CH,—-CH, CH(SO,H)-CH, 


Camphoric acid. Reychler’s camphor-8-sulphonic acid, 


CO,H:CMe 


EXPERIMENTAL, 


The aryl hydrogen camphorates examined were prepared by 4 
modification of a method described by Schryver (‘Trans., 1899, 75, 
666) ; the exact amount of sodium was dissolved in as slight an excess 
as possible of absolute alcohol, and the solution heated on the water- 
bath until nearly solid. The proportionate amount of the phenol, dis- 
solved in about ten times its weight of xylene, was then added, and the 
whole well stirred, when the gelatinous sodium salt separated out. A 
very small excess of camphoric anhydride was next added, the whole 
maintained at about 70—80° for an hour, and then kept for a couple 
of hours. On extracting with an equal bulk of water, the sodium 
salt of the acid aryl ester dissolved, and was isolated by dilute 
sulphuric acid and extraction with ether. On leaving the residue 
from the evaporation of the dried ethereal solution in a vacuum 
desiccator for a few hours, it usually solidified without difficulty. 

Eugenyl Hydrogen Camphorate, 

CO,H’C,H, ,°CO,°C,H,(CH,*CH:CH,)-OMe. 
—-This substance crystallises in colourless tablets from a mixture of 
light petroleum and benzene, and melts at 115° “(compare Schryver, 
loc. cit.) : 


0°1472 gave 0°3720 CO, and 0:1000 H,O. C=68'92; H=7'55. 
C.9H.,0; requires C = 69°36 ; H=7-52 per cent. 
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isokugenyl Hydrogen Camphorate, 
CO,H:C,H,,°CO,°C,H,(CH:CHMe)-OMe. 

—Obtained asa white, crystalline powder from a mixture of two parts 
of light petroleum and one of benzene. The substance, which displayed 
4 tendency to separate in the amorphous condition, melted at 
133—135° : 

01132 gave 0°2876 CO, and 00782 H,O. C=69°28; H=7°68. 

C,)H,,0, requires C= 69°36 ; H=7°52 per cent. 

o-Tolyl Hydrogen Camphorate, CO,H*C,H,,°CO,°C,H,Me.—Colour- 

less, waxy leaflets, readily soluble in alcohol, benzene, or chloroform, 


y sparingly so in light petroleum, melting at 102°: 


0'1287 gave 0°3288 CO, and 0°0876 H,O. C=69°68; H=7°56. 
C,,H,,0, requires C= 70°34 ; H=7-59 per cent. 
o-Aldehydophenyl Hydrogen Camphorate, 
CO,H:C,H,,°CO,°C,H,-CHO. 
—Hard, white needles, very soluble in alcohol or chloroform, sparingly 
sin benzene, and insoluble in light petroleum. The ester melted 
and decomposed slightly, at 168°: 
01000 gave 0°2459 CO, and 0°0586 H,O. C=67:07; H=6°51. 
C,,H 0, requires C=67:10 ; H=6°58 per cent. 

The neutral camphorates of the amino-compounds were directly 
measured in the polarimeter by mixing the exact amounts of the 
constituents in chloroform and making up to the required concentra- 
tion, The salts were recovered from the chloroform by evaporation, 
and recrystallised for analysis from dilute alcohol. 

Di-p-toluidine Camphorate, O,H,,(CO,°C,H,N),.— White, prismatic 
crystals, readily soluble in alcohol, acetone, or chloroform, melting at 
172° - 

01067 gave 0°2722 CO, and 0°0793 H,O. C=69°56; H=8:26. 

C,,H;,0,N, requires C= 69°56 ; H= 8-21 per cent. 

Di-p-wminoacetophenone Camphorate, C,H, ,[CO,°C;H,(NH,)-COMe],. 
—White tablets, fairly soluble in alcohol or acetone, melting at 108°: 

01200 gave 0:2779 CO, and 0:0806 H,O. C=63:16; H=7-46. 

C,,H,,0,N.,14H,O requires C=62°77 ; H=7°44 per cent. 

Di-p-aminobenzophenone Camphorate, 

C,H, ,[CO,°C,H,(NH,)-COPh].. 
—White leaflets, resembling the last in solubility, melting at 116°: 

01093 gave 0°2900 CO, and 0°0678 H,O. C=72°36; H=6°89. 

C,,H,,0,N, requires C= 72°73 ; H=6°40 per cent. 

The camphor-B-sulphonates of the phenols were prepared by dis- 
solving 5 grams of the phenol in dilute aqueous sodium hydroxide, and 
heating with 5 grams of camphor-f-sulphonyl chloride on the water- 
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bath for an hour with constant shaking. The oily product was 
allowed to settle, and, after decanting the alkaline liquid, washed by 
decantation, first with more dilute aqueous sodium hydroxide, then 
with water, until the washings were neutral. The residue was 
extracted with ether, the extract dried and evaporated, and, as a rule, 
the product was then crystallised from a mixture of benzene and 
light petroleum. 
Eugenyl Camphor-B-sulphonate, 
C,)H,,0°SO,°C,H,(CH,*CH:CH,):OMe. 

—This substance solidified at about — 10° to white, waxy crystals, but at 
the ordinary temperature it was an oil. After purification as 
described, the last traces of solvent were removed by heating in a 
vacuum at 100° before using the compound for polarimetric work : 


0°1582 gave 0°3704 CO, and 0:0926 H,O. C=63°86; H=6:50. 
C,,H.,0,8 requires C= 63°49 ; H=6°88 per cent. 
isoZugenyl Camphor-B-sulphonate, 
C,,H,,0°SO,°C,H,(CH:CHMe):OMe. 
—Small leaflets from a mixture of light petroleum and benzene, melting 
at 112—113°: 
01082 gave 0°2536 CO, and 0:0651 H,O. C=63:92; H=6:69. 
C,,H.,,0,8 requires C= 63°49 ; H = 6°88 per cent. 
0-Tolyl Camphor-B-sulphonate, C,,H,,0°SO,°C,H,Me.—An oil which 
solidified to large, colourless, rhombic prisms melting at 58°: 
0°1532 gave 0°3564 CO, and 0°0962 H,O. C=63°42; H=6'98. 
C,,H,,0,8 requires C = 63°34 ; H = 6-83 per cent. 
o-Aldehydophenyl Camphor-B-sulphonate, C,)H,,0°SO,°C,H,"CHO— 
Small, white prisms, moderately soluble in alcohol or chloroform, 
melting at 123°: 
0°1681 gave 0°3762 CO, and 00903 H,O. C=61:02; H 5:97. 
C,,H,,0,8 requires C= 60°71 ; H=5-95 per cent 
The camphor-8-sulphonyl derivatives of the amines were finally 
prepared by simply heating the amine and camphor-f:sulphony! 
chloride for some time on the water-bath, as it was found that in the 
presence of pyridine in the cold, deeply coloured by-products resulted, 
making purification difficult. The compounds were usually crystallised 
from benzene, sometimes from alcohol. It may be mentioned her 
that the corresponding derivatives of p-aminobenzaldehyde and 
p-aminobenzaldoxime were also investigated, but were found to be of 
indefinite character and unsuitable for the end in view. 
Camphor-B-sulphonyl-p-toluidide, C,,H,,0°80,*NH-C,H,Me.— White, 
glancing leaflets, soluble in chloroform, alcohol, or benzene, but notin 
light petroleum, and melting at 141°: 
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0:1071 gave 0°2507 CO, and 0:0687 H,O. C=63°83; H=7:13. 
C,,H,,0,NS8 requires C = 63°56 ; H=7-16 per cent. 


Camphor-B-sulphonyl-p-acetylanilide, 
C,,H,,0°SO,-NH-C,H,-COMe. 
—Small, white crystals from benzene, melting at 157 : 


0:1454 gave 0°3336 CO, and 0:0829 H,O. C=62°57; H=6°34. 
C,,H,,0,NS requires C= 61:90 ; H=6°59 per cent. 


Camphor-B-sulphonyl-p-ethylphenylamide, C,,H,,0°SO,-NH°C,H,Et. 
—Small plates from light petroleum, melting at 117°: 


0'1316 gave 0°3096 CO, and 0:0892 H,O. C=64:16; H=7°'53. 
C,,H,,O,NS requires C= 64°48 ; H =7°46 per cent. 


Camphor-B-sulphonyl-p-benzoylanilide, 
C,,H,,0°S0,"NH°C,H,*COPh. 
—Small, stout, pale yellow tablets from hot alcohol, melting at 168°: 


01426 gave 0°3500 CO, and 0°0832 H,O. C=66:94; H=6-48. 
C,,H,,0,NS requires C= 67°16 ; H =6-08 per cent. 


The unsaturated systems studied may be thus classified : 

I, Contiguous Phenyl and Ethenoid Groups.— Derivatives of eugenol 
and isoeugenol. 

II. Contiguous Phenyl and Carbonyl Groups.—(a) Phenolic deriv- 
atives ; (b) amino-derivatives. 

The measurements of the rotatory power were conducted, as in 
previous investigations, in dry chloroform solution at two concentra- 
tions ; the length of the polarimeter tube was always 2-dem., and the 
temperature, except where otherwise stated, was 21°. 


I. Derivatives of Eugenol, OMe°C,H,(OH):CH,°CH:CH,, and iso- 
Eugenol, OMe°C,H,(OH)*CH:CH Me. 


| Percentage Concentration : 
5 


[M].. Diff. ‘[a}. 
{Benth acid ‘ +92°0 +46°4 


Eugenyl hydrogen camphorate 32° 113°2 f 32°0* 110°8 
isoKugenyl ,, , 133°6 ; 38°0* 131°5 


Eugenyl camphor-8-sulphonate +27°8 105°1 56-1 +284 107-4 
isokugenyl + 27°6 :104°3 -55°3 = 264 S998 


* Temperature 23°. 


{Pages -B-sulphonic acid +49°0 — +49°0 
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II. (a) Derivatives of o-Cresol, C,H,Me-OH, and Salicylaldehyde, 
' OH-C,H, CHO. 


Percentage Concentration : 
5 2h 


- se > ————\————— 
[a] ([M]. Diff. fa}. ([M]. Diff 
o-Tolyl hydrogen camphorate... +45°2 +131°1 39°1 +45°0 +4130°5 a 


o-Aldehydophenyl hydrogen 
camphorate 49°0 148°9 56°9 48-1 146°2 534 


o-Tolyl camphor-8-sulphonate.. +45°8 +147°5 985 +46°0 +148°1 a 


o-Aldehydophenyl camphor-f- 
suiphonate 38°8 130°4 81°4 39°6 133°1 84:1 


lI. (b) Derivatives of p-Toluidine, p-Aminoethylbenzene, p-Amino- 
acetophenone, and p-Aminobenzophenone. 


Percentage Concentration : 
5 


[a]>. [M]. Diff. [al 

Di-p-toluidine camphorate ... +22°9 +948 -2°8 +24°0 
Di-p-aminoacetophenone cam- 

phorate 19°2 902 -18 19°4 2 -1% 
Di-p-aminobenzophenone cam- 

phorate 122 725 19% 12°4 6 192 
Camphor-§8-sulphony]-p-tolu- 

BE ee , 68°3 219°2 170°2 71°2 6 1796 
Camphor-§-sulphonyl-p-ethy]- 
J _ phenylamide 63°6 213°0 1640 63°8 7 1647 

Camphor-f-sul 

p-acetylanili 67°2* 234°5 185°5 67°0* 8 184°8 
Camphor-§-sulphonyl- 
\ > ineswhalliie 57°11 §=284°7) :185°7 ~—s (55 °6 5 179°) 


* Temperature 23°. 


With the phenolic substances, then, the camphorates show a marked 
rise in activity when conjugation of carbonyl or ethylenic group with 
the phenyl residue occurs, but the camphor-8-sulphonates give in one 
instance no definite difference, whilst in the other, the order is 
reversed ; with the amino-compounds, the differences are only well- 
marked in the benzophenone derivatives, in which there exist three 
adjacent unsaturated nuclei. It seems natural to regard the small, 
indefinite change of molecular rotatory power as being the result of 
the interposition of the sulphone group of the camphor-f-sulphonic 
acid between conjugated system and asymmetric complex. Further- 
more, the amino-group appears to exercise a similar effect. Wher, 
however, there is no such relatively saturated group between these 
two parts of the molecule, the compounds examined help to confirm 
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the rule that conjugation is accompanied by a consistent increase in 
optical activity. 

In conclusion, it may be asked if the original theory of Thiele is 
capable of being adapted to the explanation of the physical effects of 
conjugation. It is true that in many of the instances examined, 
the contiguous unsaturated systems can be arranged so as to form a 
series of neutralised “ partial valencies” ; this, of course, means that 
the effect of conjugation is ascribed to some peculiarity of the system 
of “neutralised” valencies referred to, and is not an ultimate 
explanation of the phenomena. It would here be necessary for such 
groups to be in actual chemical union, but instances in which un- 
saturated groups not directly united, but spacially near each other, 
also produce abnormal effects have recently been examined. The 
ultimate physical cause, then, of the abnormal effects of conjugation 
must be some property of unsaturated groups which comes into play by 
virtue of their nearness in space; it is not, however, possible further 
to discuss at present the nature of this property. The results 
arrived at in this paper may be summarised as follows : 

(1) The contiguity of unsaturated groups produces abnormal effects 
on optical rotatory power. 

(2) The effect is at a maximum when the conjugated system is 
nearest to the asymmetric carbon atom or atoms. 

(3) The effect is lessened as the proximity of the unsaturated groups 
to one another is lessened. 

(4) The effect is much decreased by the interposition of a saturated 
group between the conjugated and asymmetric systems. 

(5) Multiple conjugation does not always lead to an increased 
effect. 


The author desires most heartily to thank Prof. Collie, in whose 
laboratory most of the above work was undertaken, and further to 
express his indebtedness to the Research Fund Committee of the 
Chemical Society for a grant which has helped to meet the expenses 
incurred. 
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XLII.—The Isolation of the Aromatic Sulphinic Acids, 
By Joun Tuomas, B.Sc. 


THE aromatic sulphinic acids can now be easily prepared by 
Gattermann’s method (Ber., 1899, 32, 1140), which consists in 
saturating a solution of the corresponding diazo-compound, as 
ordinarily obtained in presence of sulphuric acid, with sulphuw 
dioxide and adding precipitated copper in the cold; evolution of 
nitrogen occurs, and the sulphinic acid remains partly in the 
solution and partly mixed with the excess of copper used. Primary 
aromatic amino-compounds can be converted into the corresponding 
sulphinic acids with almost quantitative yields by this method, 
which therefore affords a satisfactory one for replacing the group 
—NH, by the sulphinic radicle, -SO-OH. The separation of the 
sulphinic acid from the solution and the copper residue is generally 
effected by extraction with ether, and this part of the operation 
is not very convenient to apply on the large laboratory scale for 
preparative purposes. 

Since it is desirable to simplify the latter part of the laboratory 
method of preparing the sulphinic acids by some improvement of 
the method of separating them from the solution in which they 
are formed, Prof. W. J. Pope suggested that I should study the 
conditions under which the ferric salts of the sulphinic acids are 
deposited from solution. It was then found that all the sulphinic 
acids prepared are precipitated quantitatively as ferric salts from 
strongly acid solutions on addition of ferric chloride; the ferric 
salts form orange-coloured precipitates, which are readily filtered 
and washed, and are quite stable in dry air. The sulphinic acids, 
as a class, are thus characterised by this property of yielding 
orange-yellow ferric salts, which are insoluble in water and in fairly 
strong mineral acids. The ferric salts are decomposed by alkalis, 
giving ferric hydroxide and a solution of the alkali sulphinate, 
from which the free sulphinic acid can be precipitated by the 
addition of concentrated hydrochloric acid. On treating the solu- 
tion of the sulphinic acid in sodium carbonate with sodium 
hypochlorite, the corresponding sulphonyl chloride is obtained, and 
if the ferric salt is decomposed by ammonia and then treated with 
hypochlorite, the corresponding sulphonamide results. 

The combination of Gattermann’s method of preparing the 
sulphinic acids with the method of separating the acids from 
solution as their ferric salts, leads to very simple methods for 
replacing the group —NH, in an aromatic amino-compound by 
the radicles -SO-OH, —SO,Cl, and —SO,°NH,. 
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AROMATIC SULPHINIC ACIDS. 


Ferric Benzenesulphinate, (C,H;*SO°O),Fe. 


After diazotising aniline in sulphuric acid solution, saturating 
with sulphur dioxide, and treating with precipitated copper as 
directed by Gattermann, the solution is filtered by the aid of the 
pump, and the residue well washed with dilute ammonia; the 
ammoniacal washings are allowed to mix with the sulphuric acid 


‘filtrate. Concentrated ferric chloride solution is then added to the 


solution, which still contains excess of sulphuric acid, until no 
further precipitate falls; the ferric salt separates as a bright orange- 
yellow precipitate, which is collected, well washed with water, and 
dried with the aid of a little alcohol. As 10 grams of aniline give 
16 grams of dry ferric benzenesulphinate, the yield is practically 
theoretical : 


11145 gave 0°1855 Fe,O,. Fe=11°'56. 
~  C\gH,,0,8;Fe requires Fe= 11°68 per cent. 


This salt was incidentally prepared by O. Piloty (Ber., 1896, 29, 
1563), who describes it as a characteristic yellow precipitate which 
gradually dissolves in dilute acids. 

On treating the ferric benzenesulphinate with a slight excess of 
aqueous ammonia, filtering from ferric hydroxide, and acidifying 
with concentrated hydrochloric acid in the cold, benzenesulphinic 
acid separates in colourless needles melting at 85°. On treating 
the ferric salt (18 grams) with 33 per cent. aqueous ammonia 
(25 c.c.), containing ammonium chloride (2°5 grams), and running 
in sodium hypochlorite solution, reaction occurs in the cold; after 
a slight excess of hypochlorite has been added, the mixture is kept 
for an hour, and the suspended ferric hydroxide dissolved by 
addition of hydrochloric acid. Benzenesulphonamide remains 
suspended in the acid solution, and gives the correct melting point 
after filtration, washing, and drying. 


Ferric o-Toluenesulphinate, (C,H,Me°SO:O),Fe. 


On treating o-toluidine (10 grams) in the manner above described, 
ferric o-toluenesulphinate (14°5 grams) is obtained as a reddish- 
yellow powder : 


13185 gave 0°2025 Fe,03. Fe=10°74. 
C,9H,,0,8,Fe requires Fe=10°94 per cent. 
The ammoniacal solution prepared from the ferric salt, when 


acidified with hydrochloric acid, yields a mixture of the sulphinic 
acid with its anhydride. o-Toluenesulphonamide, melting at 155°, 
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is formed on treating the ferric salt with ammonia and sodiup 
hypochlorite under the conditions described above. 


Ferric p-Toluenesulphinate, (CgH,Me’SO-0),Fe. 


p-Toluidine (10 grams) yields ferric p-toluenesulphinate (125 
grams) as an orange-yellow powder by the process described above: 


1°2295 gave 0°1890 Fe,O;. Fe=10°76. 

C,,H.,0,8,Fe requires Fe=10°94 per cent. 

On adding hydrochloric acid to the ammoniacal solution prepared 
from the ferric salt, a mixture of the sulphinic acid with its 
anhydride is precipitated; this yields the acid, melting at 86—87°, 
on recrystallisation from water. 


Ferrie a-Naphthalenesulphinate, (CjjH7*SO-0),Fe. 


a-Naphthylamine (6 grams) yields ferric a-naphthalenesulphinate 
(10 grams) as an orange-yellow precipitate on treatment in the 
specified manner: 

1°3660 gave 0°1740 Fe,O,. Fe=8°92. 

C,)H.,0,8,Fe requires Fe=8'89 per cent. 

On acidifying the ammoniacal solution obtained from the ferric 
salt, a mixture of the sulphinic acid and its anhydride separates, 
and on recrystallisation from water the acid is obtained in needles 
melting at 98—99°. The ferric salt is decomposed by sodium 
carbonate solution, and on adding sodium hypochlorite solution in 
slight excess to the filtrate, a-naphthalenesulphonyl chloride 
separates in the crystalline state and melts at 67°. On treating 
the ferric salt with ammonia and hypochlorite as previously 
described, a-naphthalenesulphonamide, melting at 152°, is obtained. 


Ferric B-Naphthalenesulphinate, (C,yH,*SO-O),Fe. 


B-Naphthylamine (6 grams), when treated in a similar manner to 
its isomeride, gives ferric B-naphthalenesulphinate (10 grams) asa 
yellow powder: 

1°1410 gave 0°1515 Fe,O,. Fe=9°29. 

CyH,,0,8,Fe requires Fe=8°89 per cent. 


The free sulphinic acid is separated from the ferric salt in the 
same way as before, and forms crystalline needles melting at 
104—104°5°. The iron salt, treated with sodium carbonate and 
hypochlorite, gives §$-naphthalenesulphonyl chloride, melting a 
75—76°. 

The examples quoted above serve to show that the formation 
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of a ferric salt insoluble in acids is a general property of the 
sulphinic acids, and that, by taking advantage of this very unusual 
property, easy methods become available for the preparation of 
the sulpbinic acids, sulphonyl chlorides, and sulphonamides from 
primary aromatic amino-compounds. 


Toe CHEMICAL LABORATORIES, 
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XLIV.—The Decomposition and Sublimation of 
Ammomum Nitrite. 


By Prarutta CHANDRA Riv. 


Tue decomposition of ammonium nitrite in its aqueous solution has 
been investigated by Arndt (Zeitsch. physikal. Chem., 1901, 39, 1), 
Veley (Trans., 1903, 83, 736), and others. The main object which 
these chemists had in view was to study the rate of evolution of 
nitrogen, the conclusion arrived at being that the evolution of the 
gas is in conformity with the law of mass action for a unimolecular 
reaction. During the last two years and more, I have been at 
intervals occupied with the problem of a simple synthesis of 
hydrazine from ammonium nitrite according to the equation: 
NH,NO, NH, 
+ =| =+2H,0+2NO, 
NH,NO, NH, 

but although this expectation has not yet been realised, some 
interesting results have been obtained, which appear to be worthy 
of record. It will be shown below that an aqueous solution of 
ammonium nitrite, when heated in a vacuum at temperatures 
varying from 37° to 70°, decomposes only partly according to the 
well-known equation: NH,NO,=N,+2H,0, a considerable portion 
of the salt (sometimes the major portion) subliming into the upper 
and cooler parts of the tube. 

The method of carrying on the investigation was as follows: 
A solution of ammonium nitrite was prepared by double decom- 
position between recrystallised silver nitrite and pure ammonium 
chloride, and sometimes between barium nitrite and ammonium 
sulphate. Care was taken that the solution of ammonium nitrite 
contained in every case a very slight excess of silver nitrite or of 
barium nitrite, so that on the addition of dilute hydrochloric or 
sulphuric acid respectively, a faint opalescence was noticed. This 
was to ensure the total absence of ammonium chloride or of 
ammonium sulphate in the solution of ammonium nitrite. 
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About 2 to 4 c.c. of the solution of the salt thus prepared wer, 
introduced into a glass tube of 1°3 cm. diameter and 63 cm. length, 
As the liquid bumps during the earlier stages of heating, the tube 
was provided with a trap to guard against the contingency of 
even a trace of the liquid being carried over into the Sprengel 
pump. The lower part of the tube was immersed in a beaker 
containing water, into which a thermometer was plunged. The 
details of a few typical experiments are given below. 

Experiment I.—Two c.c. of a solution of ammonium nitrite were 
taken ; an evaluation by the “ urea” method gave for 1 c.c. of the 
solution 7°7 c.c. of nitrogen at 23° and 760 mm. (=a 2 per cent. 
solution). During the first stage of heating, the temperature was 
kept at 30° to 32°; only water distilled over, and when a certain 
degree of concentration had been attained, minute bubbles began 
to be given off. The temperature was gradually raised to 70°, to 
complete the decomposition. A distinct sublimate was, however, 
invariably noticed in the upper part of the tube. The sublimate 
was washed out and made up to a given bulk. An aliquot portion 
of it liberated iodine copiously from a solution of potassium iodide 
acidified with dilute sulphuric acid; another portion yielded 
nitrogen by the “urea” method, and nitric oxide by the Crum- 
Frankland method, the volumes of the gases being identical. The 
ammonia in the base was also estimated by nesslerisation, and it 
was found that the ratio of nitrogen in the base to that in the 
acid radicle was 1: 1. 

It was thus proved that the sublimate was a nitrite pure and 
simple. The gas collected in the Sprengel pump reservoir was tested 
with a solution of ferrous sulphate. A pale brown ring was 
obtained, but the amount absorbed was scarcely measurable. 

The volume of the gas collected as above was 13°6 c.c., and that 
derived from the sublimate was 1°6 c.c.; total volume=15'2 c.c. at 
23° and 760 mm., the calculated volume of the gas at the same 
temperature and pressure being 15°4 c.c.: difference =0°2 c.c.* 

Experiment II.—Four c.c. of the solution, the same as used in 
experiment I, were taken, and the gases were also measured at the 
same temperature and pressure. 


Volume of the gas from the Sprengel pump 
sublimate by the ‘‘ urea” method ... 


” 9 > 


Total volume 


* It may be pointed out here that, although, by the ‘ urea” method, only the 
radicle NO, is attacked, the amount of nitrogen set free is really doubled, and 
hence the volume of nitrogen as yielded by the decomposition of ammonium nitrite 
by heat is identical with that yielded by the ‘‘ urea” method. 
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The calculated amount is 30°8 c.c. The deficiency, as will be 
shown below, is due to traces of the sublimate being drawn into 
the “ Sprengel ” tube. 

Experiment III.—Liquid taken=2 c.c. In the present experi- 
ment the other conditions were exactly the same as in the preceding 
ones, but the temperature of the bath was kept at 57—60°. 


The gas collected in the Sprengel reservoir 
The gas from the sublimate by the ‘‘urea”’ method 


Total volume 


The calculated amount of nitrogen in 2 c.c. of liquid=15°4 c.c.: 
deficiency =2°1 c.c. In fact, the lower the temperature at which 
the decomposition is effected the larger is the amount of the 
sublimate formed, and of the portion of it which finds its way into 
the “ Sprengel ” tube. 

Experiment IV.—The ammonium nitrite solution used in this 
case was prepared by ‘the interaction of barium nitrite and 
ammonium sulphate. 

The volume of the nitrite solution was 4 c.c. (=0°7 per cent. 
solution, approximately). The temperature of the bath was slowly 
raised to 35°, but as the distillation of the water was very slow at 
that temperature, it was gradually raised to 40—45°, and kept 
constant at 45°. It was noticed, as before, that when the solution 
had attained a definite degree of concentration, minute bubbles 
of nitrogen began to be given off; but as the rate of decomposition 
was very slow, the temperature was raised to 50°. After a time, 
when the water had almost evaporated, a thick, semi-solid magma 
was obtained, the salt separating out in fine needles and bubbles 
of gas being given off continuously. Owing to the fact that water 
is one of the products of its decomposition, the salt always remained 
moist. When, finally, the temperature of the bath was raised to 
70°, most of the salt volatilised, a small portion only undergoing 
decomposition. The gas was collected in two separate instalments, 
the first being that given off during crystallisation and sublimation, 
and the second portion being that yielded by heating the sublimate 
itself. In order that the sublimate may be seen to advantage, it 
is necessary to heat tke upper portion of the tube just enough 
to prevent moisture being deposited, which by dissolving 
ammonium nitrite would mask the real nature of the sublimate. 
The sublimate was sometimes deposited as a thin incrustation, and 
sometimes in the shape of fine flakes, and it could be moved up 
and down the tube by simply heating from outside with a 
naked flame. To effect as complete a decomposition of the sublimate 
as possible, the entire length of the tube was kept heated; but 
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in spite of this precaution a small fraction of it invariably made 
its way into the “ Sprengel” tube. 

In the present experiment the first instalment of gas amounted 
to 1°9 c.c., and the second to 6°8 c.c.: total volume=8'7 c.c. Four 
c.c. of a solution of ammonium nitrite gave by the “ urea ” proces 
10°8 c.c. of nitrogen at 23° and 760 mm. The deficiency jg 
accounted for by the ammonium nitrite which entered into the 
“Sprengel.” The first instalment of gas gave no coloration with 
a solution of ferrous sulphate; but the second portion, when sini- 
larly treated, gave a dark brown ring with a diminution in volume 
of 0°4 c.c., and when it was shaken up with water no further absorp. 
tion took place, thus proving the presence of nitric oxide and the 
absence of nitrous oxide. The ratio of nitrogen to nitric oxide 
is thus equal to ning 16. 

0°4 

It is unnecessary to multiply instances of the decomposition of 
the salt, the nature of the decomposition products being sufficiently 
indicated by the above typical experiments. It remains to lay 
stress on the fact that the lower the temperature at which the 
solution is evaporated the larger is the yield of the crystallised 
salt. 

It has been stated by several observers that the deliquescent 
crystals of this salt explode on heating to 60—70°, and that even 
acid solutions of it sometimes undergo similar decompositions 
(Berthelot, Bull. Soc. chim., 1874, [ii], 21, 55; Sérensen, Zeitsch. 
anorg. Chem., 1894, 7, 33). In one experiment the tube was detached 
from the “ Sprengel,” and the crystals at the bottom were heated 
directly with a burner. No explosion, however, took place. 

The question naturally arises: Does ammonium nitrite volatilise 
as such, or is it simply a case of dissociation? If the latter 
hypothesis is accepted, it follows that nitrous acid can exist by 
itself at least for the time being. It has been shown, with regard 
to ammonium chloride, that under diminished pressure and in an 
atmosphere of ammonia it volatilises without dissociation (Neuberg, 
Ber., 1891, 24, 2543) ; and Baker has also proved that if ammonium 
chloride is free from every trace of moisture, it has the normal 
vapour density even under ordinary atmospheric pressure. Expeti- 
ments have been undertaken to throw light on this point, but for 
the present the question must be left an open one. It should also 
be remembered in this connexion that Berthelot has shown that 
if ammonium nitrate is gently heated (the temperature being 
below 200°), it decomposes into water and nitrous oxide, but a 
portion of the salt at the same time sublimes unchanged (Compl. 
rend., 1876, 82, 932). He seems inclined to regard it as a case of 
sublimation without preliminary dissociation. 
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Summary. 


From the foregoing investigation, it follows that when an aqueous 
solution of ammonium nitrite is heated in a vacuum at 37—40°, 
only a very small portion of the salt decomposes according to the 
equation: NH,-NO,=2H,O+ Ng, most of the salt crystallising out. 
If the temperature is now gradually raised to 70°, slow decom- 
position goes on according to the above equation, but the major 
portion sublimes unchanged. When this sublimate is heated by 
means of a naked flame, the gaseous products are nitrogen and 
nitric oxide, the latter often amounting to as much as 6 per cent. 


I avail myself of this opportunity to express my sincere thanks 
to Mr. Atul Chandra Ghosha, M.A., for the care and diligence 
with which he carried out some of the details of the experiments. 


CHEMICAL LABORATORY, 
PRESIDENCY COLLEGE, 
CALCUTTA. 


XLV.—Benzyl Sulphomide: a Possible Example of 


Dynamic Isomerism. 
By Jonn ARMSTRONG SMYTHE. 


Tae ease with which mercaptans condense with ketones suggests that 
similar reactions may take place between the mercaptans and the 
structural analogues of the ketones, namely, the sulphoxides. The 
attempt to condense together benzyl mercaptan and benzyl sulphoxide 
led to the detailed investigation of the latter which forms the main 
subject-matter of this communication. In the preliminary experiments 
both benzyl sulphide and benzyl disulphide were identified among the 
products of reaction, so that it seemed at first that the mercaptan and 
sulphoxide had reacted, not, indeed, to furnish the expected mercaptal, 
but its proximate substituents, thus : 

CH,Ph:SH CH,Ph CH,Ph:S CH,Ph 

onPhsH * P<op'ph = ™° + cupn-s * S<ou,pr 

Further study of the reaction showed, however, that the disulphide 
was greatly in excess of the sulphide, whence it was apparent that if 
the above reaction had taken place, it had done so to a relatively 
small extent ; and the control experiments proved that the condensing 


350 SMYTHE : BENZYL SULPHOXIDE: 


agent, hydrochloric acid, has a specific action on the mercaptan and 
the sulphoxide, which, in the latter case, results in the formation of 
benzyl disulphide and sulphide. The action of hydrochloric acid op 
benzyl mercaptan is still under investigation ; its action on benzyl 
sulphoxide will now be considered in detail. 

One of. the most striking features of this reaction is the extreme 
ease with which it takes place. If dry hydrogen chloride, for instance, 
is led on to the surface of dry benzyl sulphoxide, immediate action 
sets in, heat being evolved, and the mass becoming pasty from the 
formation of benzaldehyde and benzyl chloride. When the sulphoxide 
is dissolved in a solvent, it suffices to saturate this at the ordinary 
temperature to complete the decomposition. For reasons which will 
become apparent later, this reaction has been studied under a variety 
of conditions and in many different solvents, and an attempt has been 
made to estimate the products quantitatively. The method of working 
adopted is as follows : 


The Action of Hydrochloric Acid on Benzyl Sulphowide. 


1, Method.—A weighed quantity of pure benzyl sulphoxide (m. p. 
133°) is dissolved, or partly so, in four to ten times its weight of 
solvent, and dry hydrogen chloride passed in until the.liquid is com- 
pletely saturated. The reaction is carried out sometimes at the 
ordinary temperature, at other times on the water-bath, a suitable 
condensing arrangement being used in the latter case, and the passing 
of the gas into the liquid being continued during the cooling stage. 
In the earlier experiments, special efforts were made to trap volatile 
compounds, such as sulphur chloride, which might possibly be formed 
in the reaction, but such were not detected, and the quantitative data 
prove that they are not formed in appreciable quantity. 

As soon as saturation is reached, the reaction is complete. On 
distilling in a current of steam, excess of the solvent passes over first, 
and then an oil heavier than water; the residue is cooled and 
agitated to granulate the solid. 

The distillate is extracted with ether (where acetic acid has been 
used it is advisable to neutralise this before extraction), the ethereal 
solution dried, and the ether evaporated. The residual oil, despite its 
constant boiling point (179°), is a mixture of benzyl chloride and 
benzaldehyde, sometimes containing a little mercaptan. The method 
used to separate these quantitatively is to shake the ethereal solution 
with a strong, freshly-prepared solution of sodium hydrogen sulphite. 
After ke2ping for several hours, with frequent shakings, the crystals 
of the hydrogen sulphite compound are collected, washed with ether, 
then dried on a porous plate, and weighed. Distillation of these with 
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sodium carbonate in a current of steam yields the free aldehyde, 
which can be collected and weighed, when in sufficient quantity, as a 
check on the bisulphite determination. The ethereal liquors from the 
hydrogen sulphite compound are then dried and distilled from a tared 
flask, and the weight of the benzyl chloride is determined after all the 
ether has been expelled. The identity of the benzyl chloride is then 
fixed by a determination of its boiling point. When benzyl mercaptan 
is present, it can be estimated, after removal of the aldehyde and 
ether, by shaking the residual oil with standard iodine solution. 

The residue from the original steam distillation is ground with 
water, filtered, and weighed when dry. It is then submitted to an 
exhaustive process of fractional crystallisation. It may contain two 
or three of the following compounds, namely, benzyl sulphide, benzyl 
disulphide, benzyl disulphoxide, and benzaldehyde-benzylmercaptal. 
The isolation of these compounds in a pure state presents no special 
difficulties, but the attempt to estimate them quantitatively proved 
very laborious, for they do not differ markedly in solubility in the 
various solvents used, and a certain amount of loss was inevitable in 
the manipulation of sometimes more than fifty crops of crystals and 
as many mother liquors, and in the melting-point determinations of 
these crops. By careful working, however, the loss may be reduced to 
a low figure, and, omitting three of the earlier experiments made when 
the necessary skill had not been acquired, the average loss of solid 
products in nine reactions was only about 9 per cent. Alcohol was the 
chief solvent used, generally alone, but sometimes in admixture with 
ether and chloroform. Ethyl acetate and glacial acetic acid rendered 
good service in some cases, and small quantities of cold ether were 
found especially valuable in the separation of the disulphide from the 
disulphoxide. Cooling by ice or a freezing mixture was also advan- 
tageous in the treatment of residual liquors, which sometimes tend to 
become oily, and are readily soluble in ether, but not in other solvents. 

From the above description it will readily be understood that exact 
quantitative data of this reaction are not attainable; results of con- 
siderable value, however, for a correct understanding of the reaction 
can be obtained, and duplicate determinations agree fairly satisfac- 
torily with a maximum deviation of, say, one constituent of about 
3 per cent. 

2. Identification of the Products of Reaction.—As most of the 
substances mentioned are well known, organic:analysis was used but 
sparingly for the purposes of identification. It may be convenient to 
bring together now such analyses as were made, and also to sum- 
marise the chief properties of the compounds which, along with odour, 
crystalline habit, etc., served as a means of identification throughout 
the whole course of the work. In the case of the solid compounds, 
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the determination of melting points of samples mixed with standard 
preparations was often resorted to as a check. 

Benzyl chloride, b. p.:179°, yields with alcoholic sodium sulphide 
an oil with an odour of benzyl mercaptan, benzyl sulphide (m. p. 49°, 
and sodium chloride ; oxidised by potassium permanganate to benzoic 
acid. 

Benzyl mercaptan, C,H,-CH,°SH, b. p. 195°, decolorises ioding 
solution, being oxidised to benzyl disulphide (m. p. 71°). 

Benzyl sulphide, (C,H,"CH,),S, m. p. 49°, is oxidised by nitric acid to 
benzyl sulphoxide, m. p. 133°. Of the following analyses, I and IIL are 
from samples prepared when acetic acid was the solvent ; II, when 
chloroform was the solvent. (For analyses I, II, [V, V, VIII, I am 
greatly indebted to Mr. H. Blair, F.C.S.) : 

I, 0:1148 gave 0°3322 CO, and 0°0675 H,O. C=78:92; H=6'3, 
II. 0°1275 ,, 03681 CO, ,, 0°0794H,O. C=78°71; H=6:92, 

III. 0:1764 ,, 0°1913 BaSO,. S=14°86. 

C,,H,,S requires C=78°50 ; H=6'54; S=14°95 per cent. 

Benzyl disulphide, (C,;H;*CH,),8,, m. p. 71°. When a cold alcoholic 
solution of this compound is mixed with one of silver nitrate, crystals 
of a double compound appear in the liquid, and develop without 
motion in spherical form until the whole liquid becomes filled with 
solid matter. 

Analyses:—IV and VI from samples prepared in acetic acid solution ; 
V, in alcoholic solution : 

IV. 0:1313 gave 0°3280 CO, and 0°0674 H,O. C=6813; H=5'70. 

V. 0:3610 ,, 0°9021 CO, ,, 0°1861H,0. C=68:14; H=573, 

VI. 0°2340 ,, 04460 BaSO,. S=26-18. 

C,,H,,8, requires C = 68°30; H=5°69 ; S= 26-07 per cent. 

Benzaldehyde-benzylmercaptal, C,H,-CH(S:CH,°C,H;),, m. p. 61°. 
Many specimens of this compound, prepared in different ways to be 
described later, as well as by the direct condensation of benzyl 
mercaptan and benzaldehyde, have never given the melting point, 64°, 
stated by Fromm and Junius (Ber., 1895, 28, 1111). The compound 
is partly hydrolysed by hydrochloric acid, yielding thereby benz 
aldehyde and benzyl mercaptan. 

Benzyl disuphowide, (C,H,*CH,),0,8,, m. p. 109°. Analyses :—VII 
and IX from samples prepared in acetic acid solution; VIII, i 
alcoholic solution : 

VII. 0°1626 gave 03612 CO, and 0:0732 H,O. C=6057; H=5'00. 

VIII. 0°1101 ,, 0°2431C0, ,, 00499 H,O. C=60-21; H=5:04. 

XI. 01307 ,, 0°2210 BaSO, S=23-20. 
C,,H,,0,8, requires C= 60°44; H=5-04; S=23-03 per cent. 

Since these analyses were made, this compound has been described 
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by Fromm and Palma (Ber., 1906, 39, 3308), and more recently 
by Hinsberg (Ber., 1908, 41, 2836) and others, and their description 
agrees with my own observations. 

3. The Quantitative Results.—The complete quantitative data will 
now be given. In all cases, except when otherwise stated, the 
reaction was carried out at the ordinary temperature, and the stream 
of hydrogen chloride was regulated so that no considerable heating 


took place. 


Reaction between Benzyl Sulphoxide and Hydrochloric Acid. 
Experimental Results. 


Pure products (grams). 


—~ 


ducts (grams), 


(grams). 


Solvent. 


Crude solid pro- 
CHPh(S°CH,Ph),. 


Ph'CH,Cl 
PhCH, SH. 


Aleohol (85 per cent.).. 

Acetic acid (75 per cent. ) 

Glacial acetic acid 

Glacial acetic acid + 
acetic anhydride 

No solvent 

Water (hot) 

Ether (wet) 

Ether (dry) 

Chloroform (cold) ...... 

Chloroform (hot) 
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exo Sulphoxide taken 
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In expressing these results in percentage values, the error due to 
avoidable loss in the fractionation of the solid products is minimised 
by distributing this loss in proportion to the weights of the pure 
slid compounds obtained. For example, in the reaction in dry 
éthereal solution the solid product weighed 12°6 grams, and this on 
fractionation yielded 7°31 grams of benzyl disulphide and 4°18 grams 
of benzyl sulphide ; the loss is thus 1°11 grams, and this amount, 
(istributed proportionally to the weights of pure disulphide and 
sulphide obtained, raises the weights of these to 8°02 and 4°58 grams 
respectively, 

The percentage yields in the various reactions, calculated from the 
above data and corrected for loss on fractionation of the solid 
products as just described, are given in the next table. In the last 
column are grouped together benzaldehyde-benzylmercaptal, benzyl 
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mercaptan, and the equivalent in benzaldehyde of these two, since 
the amounts given of the three compounds are all furnished in one 
reaction, 


Reaction between Benzyl Sulphoaide and Hydrochloric Acid. 
Percentage Yields of Organic Products. 


Solvent. 


CH,Ph‘SH, Ph*CHO, 
and 
CHPh(S*CH,Ph),. 


(CH,Ph).S. 
> (CH,Ph),S,0.. 


— 

bt CD 

an anow 
Ono 

cr od & 


Dilute alcohol , 36°23 14°80 
Dilute acetic acid ‘ 43°00 14°93 
Glacial acetic acid 8° 32°80 45°70 
Glacial acetic acid + 

acetic anhydride . 25°00 48°85 
No solvent *f 29°56 85°05 9°02 
Water (hot) 22 «10°28 ~S 8895 = 26-05 
Ether (wet) ‘ 18°00 34°75 21°40 
Ether (dry) .... : 9°85 39°50 22°57 
Chloroform (cold) ; 7°35 38°52 25°60 
Chloroform (hot) , 6°09 35°07 29°40 
pS en ae ‘ 5°40 38°90 29°00 
Carbon tetrachloride 
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1°25 36°48 27°28 


4. Explanation of the Reaction: the Hypothesis of Tautomerism— 
On the basis of the ordinarily-accepted constitutional formula for 
benzyl sulphoxide, namely, CH,Ph:*SO-CH,Ph, it is not difficult to 
understand the formation of many of the products derived from it by 
reaction with hydrochloric acid. The benzyl sulphide, for example, 
may be regarded as a simple reduction product of the sulphoxide, 
and the chlorine set free in this operation could produce the disulphide 
and disulphoxide* by withdrawing the benzyl radicle from the 
sulphide or a further quantity of the sulphoxide. It is much less 
easy to understand the formation of benzaldehyde and_ benzyl 
mercaptan (and their condensation product, benzaldehyde-benzyl- 
mercaptal), the first of which is produced very readily in the reaction 
under all conditions. To account for the benzaldehyde it would be 
necessary to assume, first, the disruptign of the sulphoxide molecule 
and then the combination of sulphoxidic oxygen with carbon, and 


* The experiments of Fromm and Palma (Ber., 1906, 39, 3308) and Hinsberg 
(Ber., 1908, 41, 2836), who have lately attacked the problem of the constitution of 
the disulphoxides, are by no means convincing, although, on the whole, they 
probably favour the constitution accepted in this paper, namely, 


CH,Ph*SO*SO°CH,Ph. 


ana 
CHPh(S°*CH,Ph),. 
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the explanation of the formation of the mercaptan would involve the 
assumption of, perhaps, even less probable molecular changes. 

If we assume, however, that benzyl sulphoxide may exist in the 
form of hydroxybenzyl sulphide, OH-CHPh:S:CH,Ph, then much 
of the difficulty vanishes, for a compound of this constitution might 
be expected to yield quite readily both benzaldehyde and benzyl 
mercaptan ; at any rate, the formation of these two compounds from a 
substance of such constitution would impose no strain on the imagina- 
tion. In addition, the simultaneous formation of benzaldehyde, 
benzyl disulphide, and benzyl sulphide would be easily accounted for. 

There are thus at least two possible constitutional formule for 
benzyl sulphoxide, each of which has certain merits, in that it gives 
the best account of some of the products of its reaction with hydro- 
chloric acid. Now a glance at the table of results (p. 353) reveals 
the fact that in seven reactions, compounds are simultaneously 
produced, the ready explanation of which requires the co-existence of 
both forms of the sulphoxide. One is thus led to the view that 
the sulphoxide in solution, under certain conditions, may exist in two 
forms, in one of which the oxygen is united with sulphur, and in the 
other with carbon. Further development of the subject indicates that 
these forms are mutually convertible, and a solution of the compound 
under certain conditions may be regarded as containing the dynamic 
isomerides in equilibrium, thus: 

CH,Ph:SO-CH,Ph — HO-CHPh:’S:CH,Ph. 

These forms may be called, by analogy, the ketonic and the enolic. 
The factors on which the equilibrium depends and the mechanism of 
conversion will be considered later. 

On the assumption of the existence of these tautomeric forms, 
it is now possible to develop a series of equations expressing the 
reactions between one or other forms, or mixtures of both, and hydro- 
chloric acid, which give a complete and easy account of the products 
formed and are verifiable by the quantitative data. 


The Equations of Reaction. 
A. 4CH,Ph-SO-CH,Ph + 4HCl = 
CH,Ph-SO-SO-CH,Ph + 4CH,PhCl + CH,Ph:’S,-CH,Ph + 2H,0. 
B, 3CH,Ph-SO-CH,Ph + 2HCl = 
CH,Ph-SO-SO-CH,Ph + 2CH,PhCl + CH,Ph’S:CH,Ph + H,0O. 
(. CH,Ph-SO-CH,Ph + CH,Ph:S:CHPh-OH + 2HCl= 
CH,Ph:S,°CH,Ph + CH,PhCl + Ph-CHO + H,O + HCl. 
D. 2CH,Ph:S-CHPh-OH + CH,Ph:SO-CH,Ph + 2HCl= 
CH,Ph-S,-CH,Ph + 2Ph-CHO + CH,Ph’S:CH,Ph + H,O + 2HCl. 


£. CH,Ph-S:CHPh:OH + HCl = Ph-CHO + CH,Ph:SH + HCI. 
AA 2 
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It will be noticed in these equations that the essential reaction jg 
the reduction of the sulphoxide by hydrochloric acid, the chlorine 
made available for reaction by this process being employed either jn 
oxidation of the group CHPh:OH to benzaldehyde, or in combining 
with the benzyl radicle to form benzyl chloride. In equations D and 
E the hydrochloric acid is completely regenerated, so that these 
reactions may take place without its direct intervention (its function 
being that of a condensing agent). In fact, equation D may be 
regarded as expressing a kind of condensation reaction between the 
evolic and ketonic forms of the sulphoxide, thus: 
2CH,Ph’S:CHPh:OH + CH,Ph:SO:CH,Ph = 

CH,Ph:S,°CH,Ph + 2Ph:CHO + CH,Ph-S*CH,Ph + H,0; 
and F, as virtually a reaction of simple decomposition induced by the 
instability of the enolic form : 


CH,Ph-S-CHPh-OH = Ph:CHO + CH,Ph:SH. 


The latter view finds support in the reactions (to be described later) 
which the sulphoxide undergoes with sulphuric acid and with 
dehydrating agents. 

It may be mentioned here that other equations have not been 
suggested by a careful study of the question, and that, although 
reaction always takes place according to more than one equation, the 
amount of sulphoxide decomposed according to any single equation 
may reach from 60 to 90 per cent. by selection of suitable conditions, 
and the decomposition of the enolic form into aldehyde and mercaptan 
by dehydrating agents is probably quantitative. 

The only certain secondary reaction which takes place is that 
between the products from reaction 2, which condense to form 
benzaldehyde-benzylmercaptal : 

Ph:CHO + 2HS:CH,Ph = CHPh(S:CH,Ph), + H,0. 

The chlorine set free by the oxidation of the hydrochloric acid by 
the sulphoxide might be thought to enter into other reactions than 
the two described above, and, on first consideration, might be held 
responsible for the tautomeric change by substitution in the sulphide, 
as illustrated in the following equations : 

CH,Ph-SO-CH,Ph + 2HCl = CH,Ph’S:CH,Ph + H,O + Cl,. 
CH,Ph:S:CH,Ph + Cl, = CH,Ph’S:CHCIPh + HCl. 
CH,Ph-S-CHCIPh + H,O = CH,Ph:S:CHPh:OH + HCl. 


The net result of these reactions is the simple conversion of the 
ketonic form of the sulphoxide into the enolic. Such a process, whilst 
not affecting the question of the derivation of the equations, is 
possible, although its assumption is by no means necessary, as it will 
be shown later that a practically quantitative conversion of ketonic 
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into enolic form can be brought about by acetic anhydride, in which 
case there is no chance of reduction of the sulphoxide, little or no 
opportunity for substitution, and no water present. 

The only other likely reaction for the chlorine to enter into is with 
benzyl mercaptan, which it might oxidise to benzyl disulphide. This 
reaction would take place in the following stages : 

CH,Ph’SO-CH,Ph + 2HCl = CH,Ph’S:CH,Ph+H,0+Cl, ; 
2CH,Ph-S*CHPh-OH = 2Ph-CHO + 2CH,Ph’SH ; 
2CH,Ph:’SH + Cl, =(CH,Ph),S, + 2HCl. 

Adding these equations, together, we get : 

(H,Ph:SO-CH, Ph + 2CH,Ph:S:CHPh:OH = 

(CH,Ph),S8, + 2Ph-CHO + (CH,Ph),S, 
and this is identical with equation D, so that any such reaction of the 
chlorine may be neglected. 

The quantitative data may now be used for testing the hypothesis of 
tautomerism which has been brought forward, and which finds its 
expression in the five equations of reaction. The reaction in each 
solvent takes place in accordance with more than one equation ; there 
are thus several “constituent reactions” (as they may be called) 
which make up the complete reaction, each of which is represented by 
one of the equations of reaction. Some compounds are only formed in 
one of the constituent reactions, so that the extent to which this has 
proceeded is determinable ; if the complete reaction embraces another 
constituent reaction, the extent to which this has taken place is found 
by difference. 

An example may be quoted to make the method of procedure clear. 
In dry ethereal solution the products of reaction and the percentage 
quantities of these are: 


Benzaldehyde 

Benzyl chloride 
», disulphide 
»» sulphide 


No disulphoxide or mercaptan (or benzaldehyde-benzylmercaptal) is 
formed, so that reactions A, B, and Z are ruled out. The benzyl 
chloride can only come from C, the sulphide only from D, and the 
other products from C and D. The percentage amounts of organic 
products from these two reactions are : 


Benzaldehyde 
Benzyl chloride 
» disulphide ............... 
», sulphide 
To furnish 9°85 grams of benzyl chloride, 37°3 grams of organic 


products would have to be generated in reaction (’, and the remaining 
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62°7 grams must thus have been produced in reaction D. The preducts 
would then be : 


From From 
37°3 grams 62°7 grams 
decomposed in decomposed in Sum 
reaction C. reaction D, (calculated). Found. 


Benzaldehyde 19°75 28°03 28°08 


Benzy] chloride — 9°85 9°85 
»» disulphide... 19°18 22°95 42°13 39°50 
sulphide 20°00 20°00 22°57 


” 


100°01 100°00 


and the total amount of products calculated in this way agrees 
satisfactorily with the experimental data. 

To ascertain what amounts of benzyl sulphoxide have reacted to 
yield these quantities of the various products, it must be remembered 
that in reaction C, 100 grams of sulphoxide generate 104 grams of 
organic products, and in reaction D, the same amount of sulphoxide 
yields 97°4 grams of organic products. Consequently, 37°3 grams of 
products in reaction C' arise from 35°9 grams of sulphoxide, and 627 
grams of products in D from 64:4 grams of sulphoxide. Thus it 
follows that in the reaction between hydrochloric acid and benzyl 
sulphoxide in ethereal solution, 35-8 per cent. of the sulphoxide is 
decomposed according to equation C, and 64:2 per cent. according to 
equation D. 

The following table gives the comparison of the experimental results 
with the calculations made in the manner just described. The 
substantial agreement of all the quantities calculated with those 
actually determined may be held to verify the equations, and 
consequently to justify the hypothesis on which they are founded. 


Comparison of Experimental with Calculated Results. 


Percentage amount of organic products generated in 
each reaction. 


/ 


a 


e amount 
oxide de- 
2Ph),, 
, and 


ape pe 
of sulp 
composed in each 
CHPh(S°CH 
CH,Ph*SH 
Ph-CHO. 


reaction 
. (CH,Ph),8,. 
2° (CH,Ph),S,0>. 


rr) 
i 
| 


Dilute ethyl 29°14 — 
alcohol. 60°5 B ; 17°22 2 
10°4 CG of . . cai 


Calculated ... ‘ 2° 17°22 80°51 
Found 2° 36° ' 16°32 30°61 


th co 
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Comparison of Experimental with Calculated Results (continued). 


Percentage amount of organic products generated in 
each reaction. 


Pe 


Solvent. 


Ph'SH, and 


CHPh(S°CH,Ph),, 
CH 


composed in each 


of sulphoxide de- 
reaction. 


Dilute acetic 
acid, 


x @ Percentage amount 


oO 
S| | Ph°CHO. 
oO 


rs 
oO 
Q 


Calculated ... 
i ee 


Glacial acetic 33°4 A 
acid, 49 B 
61°7 C 

Calculated ... 


Glacial acetic rai 
acid + acetic , 0°48 


anhydride. 


Calculated ... : : 0°48 
0°55 


No solvent. . a 9°18 
9°18 
9°08 


Water (hot). 21:4 B . 6°60 
96 C . . ae 

69°0 D F 21°37 

Calculated ... a 9° 27°97 

Found......... ‘ : 26°05 


Ether (moist). 18°9 B : 5°74 
39°20 ‘ . o= 
41°99 D : 12°76 

Calculated ... : 3 18°50 
21°40 


Ether (dry). — 
20°00 
20°00 
22°57 
Chloroform , , 0°29 
(cold), ‘ , 6 a: ’ 

, 23°1 


Calculated ... : 40° 23°42 
eRe ‘ 25°60 
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Comparison of Experimental with Calculated Results (continued), 


Percentage amount of organic products generated in 
each reaction. 


and 


Solvent. 


composed in each 


Percentage amount 
of sulphoxide de- 
reaction. 

CHPh(S°CH,Ph)», 
CH.Ph‘SH, 
Ph°CHO. 


(CH,Ph),S,0>. 


Chloroform 14:20 3°33 . 
(hot). 85'8 D 26°77 — 6 27°11 
Calculated ... 30°10 ‘ ‘ 27°11 
29°44 ‘0 ‘ 29°40 
Benzene. ; 4°44 — 
25°20 — ' 25°52 


Calculated ... 29°64 ‘ 25°52 
Found 26°70 , ’ 29-00 


Carbon tetra- " 2°22 —_— 
chloride - 26°77 : 27°11 
(hot), ' — == _— 
Calculated ... 28°99 . "| 27°11 — 


Found......... 29°92 2 ‘ 27°28 


A simple calculation from these results enables us now to accomplish 
a three-fold object ; firstly, to attain a complete knowledge of the 
reaction in each solvent by determining the relative numbers of 
ketonic and enolic molecules which take part in each constituent re- 
action ; secondly, to ascertain the composition at equilibrium under the 
particular conditions specified in each reaction ; and thirdly, to bring 
the results into the form best suited for discussion. The method of 
calculation may be made clear by an example: In the five equations 
of reaction it will be observed that the ratio of the number of ketonic 
to enolic molecules is different in each case. Thus in A and B only 
ketonic molecules come into reaction, and in # only enolic molecules. 
The ratio of ketonic to enolic molecules in C is 1:1, and in D 1:2. 
Now, in the case of the reaction in moist ether, 19 per cent. roughly 
of the sulphoxide is transformed according to equation B, 39 per cent. 
according to equation (, and 42 per cent. according to equation D. 
Of 100 molecules of sulphoxide, 19 taking part in reaction B have 
thus been ketonic molecules, 19°5 each of ketonic and enolic molecules 
have taken part in reaction (, and } of 42 (=14) ketonic and # of 
42 (=28) enolic molecules have reacted according to equation D. 
Tabulating these results we have: 
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B. C. D. Sum, 
Percentage number of molecules of sulphoxide 
reacting according to equations B, C, and D.. 42 100 
Number of ketonic molecules entering into each 
constituent reaction ...........seecseceereceseeees 
Number of enolic molecules entering into each 
constituent reaction 19°5 =. 28 47°5 enolic 


19 9° 52°5 ketonic 


The percentage composition at equilibrium under the conditions 

obtaining in this experiment has thus been : 
CH,Ph*SO-CH,Ph — CH,Ph’S:CHPh:OH ; 
52°5 47°5 

or, since, as will be shown later, the equilibrium has changed some- 
what during the course of the reaction, these figures will represent 
the mean composition of the solution during the reaction. 

Similar calculations for all the quantitative reactions are given in 
the following table : 


Percentage number of sulphoxide molecules entering into each 
constituent reaction. 


PN 


a PRS LEE 

Sum = (percent- 
age composition 
at equilibrium). 


Q 


Solvent. 

Dilute acetic acid. Total 
Keto. 

Enol. 

Dilute ethyl alcohol. Total 
Keto. 

Enol. 

Glacial acetic acid. Total 
Keto. 

Enol. 

No solvent. Total 
Keto. 

Enol. 

Ether (moist) Total 
Keto. 

Enol. 

Water (hot) Total 
Keto. 

Enol. 

Glacial acetic acid + Total 
acetic anhydride.. Keto. 
Enol. 

Ether (dry) Total 
Keto. 

Enol. 

Chloroform (cold)... Total 
Keto. 

Enol. 

Benzene Total 
Keto. 

Enol. 

Chloroform (hot) ... Total 
Keto. 

Enol. 

Carbon tetrachloride Total 
(hot) Keto. 
Enol. 


Wd by 
me ° 


97°7 keto. 
2°3 enol. 


a 
| SSa 
er) 
oo © 


| ee | 
Hw CHS) An 
_ 


tb bt 
oO 
i 
an 
oo 


94°8 keto. 
5°2 enol. 


rs 


69°1 keto. 
30°9 enol. 


w cw 
| 88 | 


65°6 keto. 
34°4 enol. 


cde 


He CO 


52°4 keto. 
47°6 enol. 


oo a 
oo 


4 
= 
2 
0 
5 
5 
1 
0 
0 
8 
4 
4 
9 
9 
9 


6 
3 
3 
‘4 
2 
2 
7 
8 
‘9 
8 
“4 
“4 
‘2 
6 
6 
6 
8 
8 
8 
9 
9 
8 
9 
9 
3 
6 
7 
0 
5 
5 
2 
"_ 
‘1 
*4 
7 
7 


me Oo to 09 WH 


bp 
— 


49°2 keto. 
50°8 enol. 


- e 
DB © ] G0 Co wa | 
rt — EE — Be) 


al oS el 


45°4 keto. 
54°6 enol. 


Co . @& 
lalal 


Lhd | 


39°3 keto. 
60°7 enol. 


© 0 


38°1 keto. 
67°9 enol. 


eed ee oe ee 


ER ONTNTE OOONNUTYAE BOR FP OO 


86°5 keto. 
63°5 enol. 


BEBS + < 


35°7 keto, 
64°3 enol. 


33°3 keto. 
66°7 enol, 


HAGIARSSSHADHDENHAG 


Etat 
~~ ‘ 
‘or tee se cease eS 


Cub CO on 


. 
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Discussion of Results. 


The expression of the quantitative results in the manner adopted 
in the above table brings out clearly some interesting facts connected 
with the reaction between hydrochloric acid and benzyl sulphoxide. It 
may be noted in the first place that, notwithstanding great diversities 
in experimental conditions, some sulphoxide has always been 
decomposed according to reaction C, into which a molecule each of 
the ketonic and enolic forms enters. Secondly, reaction D is favoured 
by the anhydrous solvents and by a high temperature. This may 
possibly be conditioned by the instability of the enolic form, the two 
forms reacting with each other, preferably to hydrochloric acid. 

The solvents are clearly marked off into two classes, the aqueous 
and the anhydrous. In the former, the oxygen of the sulphoxide passes 
over chiefly to the disulphoxide, and in the latter, to benzaldehyde; 
or, looked at from another point of view, the aqueous solvents are 
characterised by containing a relatively high percentage of ketonicmole- 
cules at equilibrium, and the anhydrous solvents by a correspondingly 
large amount of enolic molecules. That the equilibrium between the 
two forms is brought about by a catalytic agent is a priori likely, and 
the facts seem to warrant the conclusion that water is the catalyst, 
and that the composition at equilibrium is a function of the concentra- 
tion of water in the solvent. 

Unfortunately, the available data concerning the solubility of 
water in organic liquids are of little use in this case for determining 
its influence exactly, because of the variation in solubility induced by 
the presence of hydrochloric acid and the products of its action on 
the sulphoxide. The general influence, however, is indisputable, and 
has been the subject of special study. 

That the concentration of water is very low in the case of chloroform, 
benzene, and carbon tetrachloride, in which the percentage of enolic 
molecules is highest, is proved by its separating out in drops from 
the originally clear solution after the reaction is over. In the case of 
carbon tetrachloride, 150 c.c. of the dry solvent were used ; the amount 
of water formed in the reaction from 25 grams of sulphoxide was 
about 0°6 gram, and judging from the appearance of the solvent 
after reaction, most of this water must have separated, so that its 
concentration would be very slight and speedily established. In 
dilute acetic acid and dilute alcohol, the quantity of water present 
from the beginning was so great that it is unlikely that the further 
amount formed in the reaction could have any effect on the 
equilibrium. 

The three reactions in acetic acid show the influence of water- 
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concentration on equilibrium very clearly. The glacial acid used 
had been purified by frequent liquations from the partly frozen 
acid, and the relative quantities of the materials brought together 


were : 
Sulphoxide. Glacial acid. Water. Acetic anhydride. 
1 


Dilute acetic acid 2°5 1 = 
Glacial acetic acetic 4°0 os — 
Glacial acetic acid + acetic 

anhydride 2°5 — 1 

By reference to the figures showing the composition at equilibrium, 
it will be seen that the mixture of glacial acetic acid and acetic 
anhydride approximates in behaviour to the anhydrous solvents, 
which is unquestionably due to the removal of the water formed during 
reaction by the acetic anhydride, so that the water-concentration is 
kept low during the whole of the reaction. The glacial acetic acid 
partakes of the characters of both classes of solvents, from which it is 
evident that at first it acted as an anhydrous solvent, but with the 
progress of reaction it gradually changed its character by dissolving 
the water formed in the process, so that eventually it behaved more 
like an aqueous solvent. One may thus picture the equilibrium 
between the ketonic and enolic forms of the sulphoxide in glacial 
acetic acid as constantly changing during the reaction with hydro- 
chloric acid, owing to the progressive conversion of enolic into 
ketonic molecules by the water produced in the reaction. The com- 
position at equilibrium deduced from the data of reaction is thus a 
mean value. 

The experiments in dry and moist ether are of particular interest in 
so far as they enable us to arrive at arough quantitative estimate of 
the influence of water-concentration on equilibrium. In each case 
20 grams of sulphoxide and 70 c.c. of ether were employed, and the 
reaction was carried out under similar conditions of temperature and 
velocity. The same sample of ether (free from alcohol) was used, the 
only difference being that in one experiment it was saturated with 
water, and in the other dried with calcium chloride and kept dry 
during the operation by being mixed with 4 grams of ground calcium 
chloride. 

It is unlikely that calcium chloride, when in competition with dry 
hydrogen chloride for water, is so powerful a drying agent as under 
ordinary conditions, but it is safe to assume that the concentration of 
water in the “dry” ether was fairly small. The concentration in 
the moist ether can be calculated, knowing the solubility of water in 
ether and the amount of water formed in .the reaction ; these two 
quantities in the present case are 1:4 grams and 0°6 gram respectively, 
giving a mean value for the whole reaction of 1°7 grams or 2°4 per 
cent. 
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The ratio ‘of the number of ketonic to enolic molecules a 
equilibrium in the two cases is 52°4:47°6=1:0°91 for the 
moist reaction, and 39°6:60°5=1:1'55 for the dry reaction, 
Thus, it follows that by diminishing the concentration of water ip 
ether from 2°4 per cent. to a very low figure, the ratio of the 
number of enolic to ketonic molecules of the sulphoxide is increased jn 
the ratio of 1 : 1:7. 

The influence of temperature on the equilibrium of the two forms of 
benzyl sulphoxide, although not so closely studied as that of water. 
concentration, is yet clearly shown from the comparative experiments 
in hot and cold chloroform. From these it is obvious that increase in 
temperature brings about the conversion of some ketonic into enolic 
molecules ; although having regard to the low boiling point of chloro. 
form (61° for the pure compound ; a little higher in the experiment 
owing to the presence of soluble substances), the effect is naturally 
small. It seems likely that the position of carbon tetrachloride in the 
list of solvents is partly due to the fact that the reaction in it was 
carried out at the boiling point (the sulphoxide is scarcely soluble in 
the solvent at the ordinary temperature). The reactions between 
hydrochloric acid and benzyl sulphoxide in the absence of solvent and 
in presence of water (that is, concentrated aqueous acid) are difficult 
to interpret, owing to the sulphoxide being largely attacked in each 
case when in the solid condition; but it seems probable that the 
increase of enolic molecules in the latter reaction is ascribable to the 
higher temperature, lessened perhaps to some extent by the influence 
of water on the small amount of sulphoxide dissolved. 

On the question of the specific action of solvents on the equilibrium, 
little can be said, although there are not wanting indications that 
such action exists. The expectation that the mixture of acetic acid 
and its anhydride would have a more powerful enolising effect than 
the anhydrous solvents was not fulfilled, and the cause for that would 
appear to be inherent in the solvent. The close correspondence 
between enolising power and the electrolytic dissociating power of the 
solvents, as measured by their specific inductive capacities, points toa 
possible connexion between the two, and suggests that the slight 
apparent enolisation of the sulphoxide in the dissociating liquids may 
be due to the immunity from attack by hydrochloric acid conferred on 
the enolic form by its electrolytic dissociation. In the present state 
of our knowledge of the subject, however, it would perhaps be in- 
advisable to pursue this hypothesis further. The influence of dilution 
on equilibrium, which would probably throw some light on this subject, 
has not been studied. 

The study of the reaction between hydrochloric acid and benzyl 
sulphoxide has thus led to the conclusion that the sulphoxide exists 
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in two tautomeric forms, the ketonic and the enolic, and that the 
quilibrium between these is dependent chiefly on the concentration of 
water in the solution of the compound, also on the temperature, and 
ibly too on the nature of the solvent. The justification of this 
hypothesis rests chiefly on the quantitative data, although other facts, 
to be detailed shortly, confirm the general view adopted. Before 
passing on to these, however, it may be well to mention that this case 
of tautomerism is peculiar, in that it involves the transference of 
oxygen in the molecule, and, so far as I am aware, no such case has 
yet been described. Considering, however, the important part which 
water exerts on the equilibrium of the tautomerides, this fact presents 
no insuperable difficulty, for the conversion of one form into the other 
can be conceived as the result of a succession of intermolecular reac- 
tions involving the addition and loss of water, each corresponding 
stage differing from its. predecessor only in the mode of union or, 
elimination of the constituents of the water. The mechanism of 
tautomeric change can thus be represented by a series of more or less 
probable reversible reactions, somewhat as follows : 
0H-CHPh-S:CH,Ph + H,O = OH-CHPh:SH(OH)-CH,Ph = 
CHPh:S(OH)-CH,Ph + H,O = CH,Ph°S(OH),-CH,Ph = 
CH,Ph-SO-CH,Ph + H,0. 


There remains now only the description of some experiments 
performed with benzyl sulphoxide, some of which were suggested by 
its behaviour with hydrochloric acid, and some carried out with the 
view of obtaining additional evidence of its two-fold constitution. 


Other Reactions of Benzyl Sulphoxide which throw Light on its 
Constitution. 


Action of Sulphuric Acid on the Sulphoxide.—Concentrated sulphuric 
acid seems to have little or no action on the sulphoxide. On warming 
gently, the sulphoxide dissolves, and it can be recovered unaltered by 
pouring the solution into water. When heated at a high temperature 
with dilute (3 per cent.) acid, however, decomposition sets in. In a 
sealed tube at 170° the reaction is very slight, although the odour of 
mercaptan and benzaldehyde is distinct on opening the tube. At 
200°, however, reaction is complete after eight hours’ heating. There 
is no pressure on opening, which is an indication that destructive 
decomposition has not taken place, and the contents of the tube on 
steam-distillation yield a distillate composed chiefly of benzaldehyde, 
with a little mercaptan, and a non-volatile residue which can be 
resolved into benzyl disulphide and benzyl sulphide. From the 
original sulphoxide about one-third of the weight each of aldehyde 
and disulphide, and a little less than a third of sulphide, were obtained. 
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A small, but distinct, amount of hydrogen sulphide is also formed jn 
this reaction. From these results it is clear that the sulphoxide has 
reacted with water just as it does with hydrochloric acid in equations 
D and £, the only two of the equations of reaction, it may be noted, 
in which no benzyl chloride is produced ; further, to react as in thege 
two equations, the sulphoxide must have been present both in the 
enolic and ketonic forms, and as the reaction took place without the 
agency of hydrochloric acid, additional evidence is thus afforded for 
the view adopted concerning the catalytic action of water. 

Destructive Distillation of Benzyl Sulphoxide.—The experiments of 
Fromm and Achert (Ber., 1903, 36, 534) on this subject may be 
quoted here, because the ready formation of benzaldehyde led these 
investigators to doubt the usually accepted constitution of the 
sulphoxide. At 210° the pure sulphoxide decomposes, yielding benzyl 
disulphide, toluene, benzaldehyde, and sulphur dioxide. In dis- 
cussing these results, Fromm and Achert say: “The remarkable 
decomposition of benzyl sulphoxide at 210°, and in particular the 
formation of benzaldehyde, raises doubt as to whether the constitu- 
tional formula (C;H,*CH,),S:O, ascribed to the sulphoxide, is the 
right one; if it be so, then transference of oxygen from sulphur to 
carbon must have taken place. Such an assumption is unnecessary 
if oxygen is combined with carbon in the sulphoxide in a manner ex- 
pressed by the formula O,H,*CH,*S-O-CH,°C,H,.” The reduction of 
the sulphoxide with zinc and hydrochloric acid yields, however, benzyl 
sulphide, and not a mixture of benzyl mercaptan and benzy] alcohol, as 
would be expected with a compound of this constitution, so that the 
authors say, in conclusion, “Es muss also trotz der eigenartigen 
Zersetzung des Benzylsulfoxyds bei 210° bei der alten Formed 
bleiben.” 

It is hardly necessary to add that the enolic formula proposed in 
this paper represents the sulphoxide as containing oxygen combined 
directly with carbon, and thus in a favourable position for the forma- 
tion of benzaldehyde on disruption of the sulphoxide molecule. The 
easy formation of sulphur dioxide, which is quite as remarkable in its 
way as that of benzaldehyde, would, on the other hand, be more 
natural to a compound having the ordinary ketonic structure of the 
sulphoxide ; so far, then, as reactions of destructive decomposition of 
compounds throw light on their constitution, the results of the dry 
distillation of benzyl sulphoxide may be held to confirm the hypo 
thesis of ketonic and enolic structure which has been advanced. 

Action of Acetic Anhydride on Benzyl Sulphoxide.—The study of 
the action of hydrochloric acid on the sulphoxide having shown that, 
with increasing temperature and decreasing water-concentration, more 
and more sulphoxide reacts in the enolic form, and as this form tends 
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to decomposition into benzaldehyde and benzyl mercaptan, as in equa- 
tion Z, it was thought that a complete resolution of the sulphoxide 
into its proximate constituents might be attainable by heating it with 
a dehydrating agent, especially as the condensation of these consti- 
tuents under the influence of the dehydrating agent might be ex- 
pected to take place and to be a factor tn promoting the reaction. 
This influence has been justified by experiment. Fifteen grams of 
benzyl sulphoxide and 25 c.c. of acetic anhydride were heated in a 
sealed tube for five hours at 150°. There was no pressure on opening 
the tube. Steam distillation yielded an oil containing a trace of 
benzyl mercaptan, a considerable amount of benzaldehyde (which was 
separated with sodium hydrogen sulphite), and also of another liquid 
with a powerful mercaptan-like odour, which did not decolorise iodine. 
This liquid boils at a high temperature (about 250°) with slight decom- 
position, and does not solidify in a freezing mixture. Although it has 
not yet been obtained in a condition pure enough for analysis, hydro- 
lytic experiments show that it is in all probability benzyl acetyl 
sulphide, C,H,*CH,*S:CO-CH,. The residue from the steam distilla- 
tion on recrystallisation yielded pure benzaldehyde-benzylmercaptal 
(m. p. 61°), and was quite unmixed. The meaning of this reaction 
seems fairly clear. Under the combined influence of the high tem- 
perature and the dehydrating agent, the benzyl sulphoxide has become 
completely converted into the enolic form. It has then suffered 
rupture with formation of benzaldehyde and benzyl mercaptan, thus : 
CH,Ph:S-CHPh-OH = Ph:CHO + CH,Ph’SH. 
These products have been condensed in part to the mercaptal : 
Ph:CHO + 2HS:CH,Ph = H,O + CHPh(S:CH,Ph),, 
the water being absorbed as soon as formed by the acetic anhydride. 
Apparently, also, some mercaptan has condensed with acetic anhydride, 
yielding benzyl acetyl sulphide : 
2CH,Ph-SH + (CH,°CO),0 = H,O + 2CH,Ph:S:CO-CH,, 

and benzaldehyde has been left in excess from these two main 
reactions, 

Action of Benzoyl Chloride on Benzyl Sulphowide.—Additional 
evidence of the enolic form of the sulphoxide was sought for in the 
reaction with benzoyl chloride. There is no apparent reaction, how- 
ever, when these compounds are brought together according to 
the Schotten-Baumann method, but when heated in presence of 
carbon tetrachloride complete decomposition of the sulphoxide is 
effected. Twenty-five grams of, benzoyl chloride and 150 c.c. of 
carbon tetrachloride were heated for some hours in a reflux appa- 
tatus fitted with traps, so that any moisture present in the appa- 
ratus and materials was eliminated, and the hydrochlorie acid 
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produced was absorbed. After cooling, 20 grams of dry sulphoxide 
were added to the liquid. On again heating, a steady stream 
of hydrogen chloride was evolved, and this continued ;for about 
twelve hours. The contents of the flask were then shaken with 
small quantities of sodium hydroxide solution to decompose excess 
of benzoyl chloride, and distilled in a current of steam. Treat. 
ment of distillate and residue in the usual way yielded relatively 
large amounts of benzaldehyde and benzaldehyde-benzylmercaptal, 
and smaller quantities of benzyl disulphide, benzyl sulphide, and 
benzyl mercaptan, with possibly a little benzoyl benzyl sulphide, and 
apparently no benzyl chloride, or, at most, a trace. The reaction, in 
the main, thus resembles the foregoing one. Under the combined in- 
fluence of the dehydrating agent and a moderately high temperature, 
the benzyl sulphoxide has become largely converted into the unstable 
enolic modification, which has decomposed into benzaldehyde and 
benzyl mercaptan. These have then condensed together to form 
benzaldehyde-benzylmercaptal, an equivalent of aldehyde remain- 
ing uncombined. The water eliminated in this reaction has decom- 
posed some benzoyl chloride, and part of the hydrochloric acid pro 
duced thereby has reacted with the unaltered sulphoxide according to 
reaction D (and possibly to some extent, #), furnishing thus the di- 
sulphide and the sulphide, and setting free an additional quantity of 
benzaldehyde. The supply of benzaldehyde has further been supple- 
mented by a small amount—equivalent to the mercaptan left 
uncom bined in the first reaction of condensation. 

The reaction therefore with benzoyl chloride, although it has failed 
to furnish the benzoyl benzy! sulphoxide, which it might have been ex- 
pected to yield with a secondary alcohol of the constitution ascribed to 
the enolic form of benzyl sulphoxide, has nevertheless supplied 
evidence in favour of this constitution, and in harmony with the 
results of many other reactions which have been already described. 

Some Miscellaneous Reactions.—For convenience sake, some propet- 
ties and reactions of benzyl sulphoxide which have been noted and 
studied in the course of this work, but which have thrown little light 
on the main problem, may be mentioned here. 

In the preparation of the sulphoxide by the oxidation of the sulphide 
with nitric acid (sp. gr. 1°3), a considerable quantity of benzaldehyde 
is always produced, no matter how pure the materiais may be 
Having regard to the instability of the enolic form of the sulphoxide, 
it was thought that this benzaldehyde might arise from the decom- 
position of the sulphoxide, and experiment shows this to be the case. 
This reaction is strikingly shown by chromic acid, for on gently 
warming a little sulphoxide with an aqueous solution of the acid in 
test-tube, the odour of benzaldehyde is almost immediately observed. 
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The ready oxidation of the sulphoxide to sulphone by chromic acid and 
potassium permanganate in acetic acid solutions may.again be partly 
conditioned by the ketonic structure of the compound in the solutions 
of that acid. 

The small, although distinct, solubility of benzy! sulphoxide in water 
(roughly estimated as 0-4 per cent.), whereby it differs from the other 
sulphur compounds dealt with in this paper, may possibly be connected 
with its enolic structure. 

The sulphoxide gives no colour reactions with ferric chloride, and 
apparently cannot be alkylated, nor does it seem to combine with 
phenylcarbimide, either at the ordinary temperature or when heated 
with it in chloroform solution in a sealed tube at 100° for twenty 
hours. It is impossible, however, to appraise the value of this negative 
evidence as yet. 

The formulation of benzyl sulphoxide as a secondary alcohol 
(OH-CHPh-S:CH,Ph) has suggested its derivation by reduction of 
the corresponding ketone, benzoyl benzyl sulphide (COPh:S:CH,Ph), 
and many experiments have been carried out with the view of 
proving this relationship. The ketone, however, is extremely unstable, 
and is reduced with disruption of the molecule even by mild reducing 
agents, the first products of decomposition being apparently benz- 
aldehyde and benzyl mercaptan. This subject is still under 
investigation. 

Conclusions. 


To sum up the chief results of this investigation, the reactions of 
benzyl sulphoxide are best interpreted on the assumption that its 
structure is two-fold, the varieties differing in the disposition of the 
oxygen atom in the molecule, and being convertible into one another 
after the manner of dynamic isomerides. On the basis of the hypo- 
thesis of tautomerism proposed, it is possible to develop a series of 
equations representing the action of hydrochloric acid on each form 
(ketonic and enolic) of the sulphoxide, and on mixtures of the two 
forms, which not only give a clear account of the production of the 
many products in this somewhat complicated reaction, but also enable 
the hypothesis to be tested, by comparison of the quantitative data 
of reaction with the results calculated from these equations. The 
agreement of experimental with calculated values in each of twelve 
reactions, carried out under different conditions, may be held to justify 
the hypothesis. 

The quantitative data enable the equilibrium between the two forms 
to be determined under certain specified conditions, and the conclusion 
is reached that this equilibrium is dependent chiefly on the tempera- 
ture and the concentration of water in the solvent. Increase of 
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temperature and decrease of water-concentration favour the existence 
of the enolic modification. 

The enolic form is comparatively unstable, and, on breaking up, 
yields benzaldehyde and benzyl mercaptan ; these products, or deriy. 
atives of them, are thus formed with ease when the sulphoxide js 
placed under conditions favourable to the development of the enolic 
modification, for example, when heated with dehydrating agents like 
acetic anhydride and benzoy! chloride. 

Finally, this case of tautomerism is peculiar in that change from 
one form to another involves the transposition of the oxygen atom in 
the molecule. 


ARMSTRONG COLLEGE, 
NEWCASTLE-ON-TYNE. 


XLVI.—The Nature of Ammoniacal Copper Solutions. 
Part II. The Solubility of Cupric Hydroxide in 


Ammoniacal Sulphate Solutions. 


By Harry Meprorta Dawson. 


In a previous paper (Trans., 1906, 89, 1666 ; compare also Trans., 
1900, 7'7, 1239) it has been shown by measurements of the distribu- 
tion of ammonia between ammoniacal copper sulphate solutions and 
chloioform that the copper in such solutions is present for the most 
part in the form of the complex radicle Cu-4NH,. On dilution of the 
solution or diminution of the concentration of the ammonia relatively 
to that of the copper, the equilibrium between the components of the 
solution is displaced in such a way that the ratio of the combined 
ammonia to copper diminishes. The ultimate result of the displace 
ment is a precipitation of copper from solution in the form of cupric 
hydroxide. Further information relating to the nature of ammoniacal 
copper solutions has been sought by a study of the solutions which 
are obtained when ammoniacal ammonium sulphate solutions are 
saturated with cupric hydroxide. 

It is well known that definite modifications of many of the slightly 
suluble metallic hydroxides are not at all readily obtained. This 
is probably connected with the fact that the precipitated hydroxides 
are frequently only obtainable in the form usually described as 
amorphous, and the numerous discrepancies which are to be found in 
the literature dealing with the solubility relationships of metallic 
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hydroxides are no doubt attributable in a large measure to the 
existence of several forms of such amorphous hydroxides. 

Cupric hydroxide can be obtained in three different forms: 
crystalline, amorphous, and colloidal. The colloidal modification, 
which is extremely difficult to obtain in a pure condition, is very 
unstable, and its properties depend to a very considerable extent 
on the temperature of the solution from which it is precipitated, on 
the length of time it is kept in contact with water, and on other 
circumstances (compare Spring and Lucion, Zeiisch. anorg. Chem., 
1892, 2, 195; van Bemmelen, ibid., 1894, 5, 466). In contrast with 
the other forms of cupric hydroxide, the hydrogel acts more or 
less readily on aqueous solutions of the alkali bromides and iodides 
with the formation of basic cuprous halides and evolution of oxygen. 

Preparations of what under the microscope appears to be amorphous 
cupric hydroxide are much more stable than the colloidal form. 
These amorphous modifications, obtained from ammoniacal solutions 
of copper salts by the addition of dilute alkali hydroxide or of large 
quantities of water, or by the action of dilute alkali on a solution of 
cupric ammonium chloride, or, further, by diluting largely the solution 
which is obtained by the action of air on metallic copper and ammonia 
solution, are, according to van Bemmelen, not equally stable. Under 
the influence of boiling water some preparations remain unchanged, 
whilst others exhibit colour changes to a greater or less extent. Two 
samples of cupric hydroxide, precipitated under exactly the same 
conditions by the addition of alkali hydroxide to an ammoniacal 
copper sulphate solution, were found by Bonsdorff (Zeitsch. anory. 
Chem., 1904, 41, 132) to exhibit considerable differences in respect of 
their solubility in ammonia solutions. 

Crystalline cupric hydroxide has been obtained in different ways 
by Becquerel (Compt. rend., 1852, 34, 573), Bottger (Jahresber., 1858, 
198), Péligot (Compt. rend., 1861, 53, 209), and by van Bemmelen 
(loc. cit., p. 474). The crystalline hydroxide can be heated at 100° 
in air or under water without change of colour. The definiteness of 
character conferred on the substance by its crystalline form was 
perhaps the principal reason for deciding that the experiments to 
be described in this paper should be carried out with crystalline cupric 
hydroxide. It is by no means certain that the same crystalline 
modification is obtained by the various methods of preparation 
referred to above, but this is not of much importance for the purpose 
of this investigation. The chief desideratum was the possibility of 
preparing a definite modification at will, and the method actually 
adopted is practically identical with that of Béttger (loc. cit.). 

The process consisted in adding aqueous ammonia from a burette 
toa boiling and well-stirred solution containing 50 grams of copper 
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sulphate dissolved in 300—400 cc. of water until the supernatant 
liquid began to assume the deep blue colour of an ammoniacal copper 
solution; the precipitated green basic salt was well washed and 
triturated in a porcelain dish with 300—400 c.c. of a 6 per cent, 
solution of sodium hydroxide free from carbonate, and the blue hydr- 
oxide into which it is thereby converted was dried in a vacuum over 
sulphuric acid, after having been washed with distilled water until 
every trace of sulphate had been removed. The crystalline hydroxide 
obtained in this way retains its bright blue colour for a very long 
time at the ordinary temperature, and is not at all readily converted 
into the oxide at 100°. 

As the most convenient method of identifying a particular modifica. 
tion of the hydroxide, the solubility was determioed. The solubility 
of cupric hydroxide in water is far too small for direct measurement, 
and as solvent an aqueous solution containing 1 mol. ammonia per 
litre was employed. 

As a test of the stability of the hydroxide prepared as described, 
the solubility of the freshly-prepared substance and that of the same 
preparation which had been kept in a stoppered bottle for more than a 
year were compared, In l-molar ammonia at 18°, the values were 
identical. The definite character of the product is, moreover, 
indicated by the following numbers, which represent the solubilities 
of a series of different preparations of the substance in 1 V-ammonia 
at 18°: 0:0108, 0°0109, 0°0110, 0°0109, and 0°0108 mol. per litre, 
Of the various preparations, all but one retained the original bright 
blue colour when kept in stoppered bottles for a year. In the 
exceptional case, the colour changed to a bluish-green after some 
months, but in spite of this the solubility in 1V-ammonia remained 
unchanged.* 

The bright blue hydroxide, prepared as described above, dissolves 
readily in aqueous ammonia, equilibrium between solid and solution 
being attained in a comparatively short time. The addition of 
ammonium sulphate to a given ammonia solution increases the 
solubility of the hydroxide to a marked extent ; within certain limits 
the increase in the solubility is approximately proportion | to the 
quantity of ammonium sulphate added. 

With the object of obtaining information in regard to the nature 
of ammoniacal copper sulphate solutions, the dependence of the 
solubility on the ammonia and ammonium sulphate concentrations 
has been investigated. Although, in the first instance, a com- 
paratively small number of experiments was planned, the difficulty 


* Specimens which had not apparently changed at the end of a year have all 
been found to undérgo very pronounced colour changes at the end of two or three 
years. 


natant 
vopper 
d and 
' cent, 
hydr. 
L Over 
until 
roxide 
long 
verted 


difica- 
bility 
ment, 


a per 


ribed, 
same 
han a 
were 
over, 
lities 
nonia 
litre, 
right 
1 the 
some 
rined 


olves 
ition 
n of 

the 
‘mits 
the 


ture 

the 
sions 
20m- 
ulty 
e all 
three 


COPPER SOLUTIONS, PART II. 373 


of drawing any very definite: conclusions from the experimental data 
necessitated the carrying out of a much larger series of measurements. 

The ammonia used in these experiments was prepared by distilling an 
ammonia solution (0°88 sp. gr.) to which sodium hydroxide was added 
in a slow current of air free from carbon dioxide, the ammonia gas 
evolved being collected in well-cooled conductivity water. The 
ammonium sulphate was purified by repeated crystallisation. 

The solubility data are recorded in table I. The numbers represent 
the number of gram-atoms of copper per litre, the temperature of 
the measurements being 18°. The complete series of experiments 
represents a variation in the ammonia concentration of 0 05 to 5 mols. 
per litre, and in the ammorium sulphate concentration of 0°01 to 0-4 
mols, per litre. The ammonia and ammonium sulphate concentra- 
tions registered in the first vertical and the top horizontal column 
respectively are the concentrations of the solutions before saturation 
with cupric hydroxide. In the saturated solutions the sulphate and 
ammonia concentrations are slightly smaller because of the increase 
in volume which accompanies solution of the hydroxide ; it has not, 
however, been considered necessary to take account of these small 
volume changes, 

TaBLe I, 


Solubility of Cupric [ydroxide in Ammoniacal Ammonium Sulphate 
Solutions. 


Mols, (NH,).SO, per litre. 
0 0°01 0°025 0°05 0°1 0°2 0°4, 


— — — (070004) -—— (0°0157) (0°0180) 
0°00129 000511 (0°0130) (0°0215) (0°0325) (0°0579) 
o 0°00326 0°0108 0°0233 (00411) -- — 
0:00054 0°00649 0°0175 0°0384 0°0690 (0°1027) (0°1397) 
0°0033 0°0127 0°0284 0°0586 071013 0°1844 (0°2805) 
0°0109 0 0210 0°0386 0°0660 0°1185 0°2275 0°4185 
0°0314 0 0462 0:0605 0°0886 0°1468 0°2591 04718 
0°0548 0°0672 0°0847 +0°1156 §=0°1740 0:2861 0°5044 
0°0784 0:0922 01101 0°1397 0°2002 0°3188 0°5451 
50 0°1041 071154 0°13820 0°1639 0°2239 0°3415 0°5615 
Mols, NH, 
per litre 


-~wonmeooooceo 


The numbers in brackets are data which were obtained under the 
same conditions as the other experimental numbers ; but it is quite 
certain that they do not represent the solubility of cupric hydroxide 
in the corresponding solutions, and improbable that they correspond 
with any definite equilibrium condition. After being agitated for 
some time with 0°2- and 0°4-molar ammonium sulphate solutions con- 
taining little or no free ammonia, the blue hydroxide was found to 
have changed to a green colour in consequence of the formation of a 
basic salt. Tt is not possible to say what exactly is the lower limit 
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of the ammonia concentration at which this change no longer takes 
place, but it was not observed in the case of solutions containing two 
or more mols. of ammonia per mol. of ammonium sulphate. Solutions 
containing a relatively smaller proportion of ammonia than this are 
eliminated in the following theoretical consideration of the solubility 
data. 

From the small solubility of the hydroxide in ammonia-free 
ammonium sulphate solutions, it appears possible to draw a conclusion 
of some importance. If a eupriammonia complex of the formula 
Cur2NH, were capable of existence, this would presumably undergo 
dissociation to a very much smaller extent than the tetra-ammonia 
complex, and it might be expected that cupric hydroxide in contact 
with ammonium sulphate solutions would give rise to the corresponding 
cupriammonia sulphate according to the equation : 


Cu(OH), + (NH,),SO, = Cu:2NH,SO, + 2H,0. 
The small amount of copper which is found in such solutions is, how- 
ever, unfavourable to the view that a cupri-diammonia compound is 
formed. The copper present in the solutions is, on the other hand, 
apparently due to the transformation of the hydroxide into a basic 
salt, whereby ammonia is liberated. By the interaction of the 


ammonia thus set free with copper hydroxide and ammonium sulphate, 
cupritetra-ammonia sulphate is formed. A knowledge of the com- 
position of the green basic salt ‘is unnecessary for the present con- 
sideration, and if, for example, we assume that it corresponds with 
the simplest possible formula, Cu,(OH),SO,, the changes taking place 
may be represented by the equations : 


2Cu(OH), + (NH,),SO, = Cu,(OH),SO, + 2NH, + 2H,0. 
Cu(OH), + 2NH, + (NH,),SO,= Cu°4NH,S0, + 2H,0. 

The behaviour of cupric hydroxide towards ammonium sulphate 
solutions containing little or no free ammonia thus leads to the view 
that a cupri-diammonia complex either does not exist or is not readily 
formed, and in the further consideration of the previous table it will 
be assumed that the dissolved copper is present in the solutions in the 
form of the tetra-ammonia complex.* Since ammonium sulphate 
appears to have no direct solvent action on cupric hydroxide, it is 
extremely probable that the passage of copper into solution is 
primarily determined by the ammonia, cupritetra-ammonia hydroxide 


* From an examination of solutions of cupric hydroxide in ammonia by the 
distribution method (Trans., 1900, 77, 1255), Dawson and McCrae drew the 
conclusion that the cupriammonia hase corresponds with the formula Cu*2N H,(OH)» 
Later work has shown that the solutions examined were supersaturated with respect 
to cuprie hydroxide, and on this account the experimental data carnot be utilised 
to draw conclusions relating to the nature of the complex base. 
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being the initial product. This cupriammonia hydroxide then reacts 

with the ammonium sulphate according to the equation : 
Cu:4NH,(OH), + (NH,),SO; = Cu-4NH,SO, + 2NH,OH, 

the change consisting simply in the displacement of the ammonia from 

its sulphate by the stronger cupriammonia base. 

If the displacement is sensibly complete and there are no secondary 
jisturbing factors to be taken into accourt, then, according to this view, 
the saturated solution should contain one gram-atom of copper for each 
mol. of ammonium sulphate originally present, two mols. of ammonia 
being simultaneously used up in formation of the tetra-ammonia com- 
pound, If the original solution contained m mols. of ammonia per mol. 
of ammonium sulphate, — 2 mols.should still be available for dissolving 
cupric hydroxide. According to this, the concentration of copper in 
a solution which contained origivally nm mols. of ammonia and m mols. 
of ammonium sulphate per litre should be given by the equation 
¢=¢,+m, where c, is the concentration of copper in a (n— 2m) molar 
ammonia solution when saturated with cupric hydroxide. 


©~ —1,and in order that 


This equation may be written in the form 
™m 


the experimental data may be compared with the requirements of the 


equation, the values of °- are recorded in table II. Solutions for 
which 2 is less than 2m are, of course, omitted. 


Taste II. 


c-C 
Values of ‘ a 
mt 


Mols. (NH,).S8O, per litre. 


0-025 0°05 01 0-2 0-4 


0°05 013 . 0°20 os — a —_ 
0°1 0°33 0°43 0°47 —_ = = 
02 0°61 0°69 0°77. 0°69 — — 
0°5 0°95 1°02 1°03 1°00 0°92 -= 
1°0 1°02 1°14 1°13 1‘11 ig 1 1°03 
2°0 1°48 1°18 1°18 1°19 1°18 1°14 
3°0 1°32 1°24 1°26 1°24 1°20 2°27 
40 1°42 1°31 1°27 1°27 1°25 1°21 
50 1:20 1°17 1°25 1°24 1°24 1°19 
Mols, NH, 
per litre. 
. F c-c . Z 
It is evident that the value of 1 for the more dilute ammonia 


solutions is considerably less than unity, and increases with increasing 

ammonia concentration. For ammonia solutions containing more than 

c—¢C, 
™ 


de mol, per litre, is, on the other hand, greater than vnity, and 
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varies more or less irregularly about a mean value of 1:20, which 
appears to be more or less independent of the ammonium sulphate 
concentration. 


The differences exhibited by the values of — ean be shown to be 


due to the operation of certain disturbing factors. In the first place, 
it is improbable from considerations of affinity and mass action that 
the displacement of ammonium hydroxide by cupriammonia nydroxide 
is complete ; what we have to deal with is an equilibrium condition 
corresponding with the scheme : 

Cu'4NH,(OH), + (NH,),SO, <= Cu-4NH,SO, + 2NH,OH. 

The sulphuric acid is distributed between the two competing bases 
in proportions determined by their relative affinities and active masses, 
and the relationship between the active masses is known approxi- 
mately from the measurements of the solubility of cupric hydroxide in 
pure ammonia solutions. In consequence of the rapid increase in the 
solvent power of ammonia for cupric hydroxide as the ammonia 
concentration increases from 0 to 1 mol. per litre, the equilibrium in 
the solution will be displaced to the right with increasing ammonia 
concentration, and to the left as the ammonia concentration is 


e-¢ 
decreased. The lower values of ae found for the more dilute 


ammonia solutions are thus readily explained. 

The higher values found in the case of the more concentrated 
ammonia solutions—values which exceed what would appear to be the 
limiting maximum value corresponding with the complex displacement 
of the ammonia from the sulphate by the cupriammonia base—are due to 
an entirely different cause. Corresponding with this, it should be 


=e " P 
observed that the mode of variation of a with the ammonia 


concentration is quite different in the case of the more concentrated 
ammonia solutions from that found in the dilute solutions. 

If a solution which contained originally x mols. of ammonia and 
m mols. of ammonium sulphate per litre (and which, therefore, in the 
cate of complete displacement of the ammonia from the sulphate by 
the cupriammonia base would yield m mols. of cupriammonia sulphate 
and n—2m mols. of free ammonia per litre) is compared witha 
sulphate-free ammonia solution of concentration »—2m mols. per 
litre, a difference is to be noted, which accounts for the higher values 
c—¢ 

m ° 
dissociation of the cupriammonia sulphate, the extent to which the 
corresponding hydroxide is ionised will be appreciably less than in 
sulphate-free solution. 
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Since the ionic concentration product, [Cu"*].[OH’}’, is constant for 
saturated solutions, the effect of the iso-ionic action will be to diminish 
the concentration of the OH’ ion and therefore to increase the solubility 
of cupric hydroxide in a solution containing a given amount of free 
ammonia, This increased solubility obviously corresponds with the 


c-c¢ . 
higher values of ! found in the case of the more concentrated 


ammonia solutions. 

Experimental evidence in support of this explanation has been 
obtained by measurements of the solubility of cupric hydroxide in 
ammonia solutions containing variable amounts of barium and sodium 
hydroxides. 

The barium hydroxide used was purified by repeated crystallisation, 
and the stock solution of sodium hydroxide was obtained by the action of 
sodium on water in a carbon dioxide-free atmosphere. The solubility 
data are recorded in table III. In the case of barium hydroxide, the 
numbers, not only show the influence of increasing quantities of the 
hydroxide on the solubility in a given ammonia solution, but also the 
effect of a constant quantity of barium hydroxide when the ammonia 
concentration is varied. 


Tas.e III. 
Solubility of Cu(OH), in Ammoniacal Ba(OH), and NaOH Solutions. 


Copper concentration 
Solvent. (eram-atoms per litre). 
1 mol. NH,+0 mol. Ba(OH)s...........05+ 0°0109 
‘ +0°0025 - 000907 
ys £:0°005 000801 
+001 vs 000633 
» —s #:0°02 pa 000526 
2 mols, NH, +0 mol, Ba(OH), 0°0314 
a +0°01 . 0°0277 
4 mols. NHs+0 mol. Ba(OH)g... ..... 2.565 0°0784 
- +0°01 PS 0°0747 
1 mo!. NH,+0 mol. NaOH 0:0109 
+0°01 000766 
+0°02 0°00655 
+ 0°03 0°00531 
+0°05 0°00456 
+0°10 0°00410 


An inspection of the numbers in the table shows that the solubility 
of cupric hydroxide in ammonia solutions containing the largely 
ionised barium or sodium hydroxides is considerably less than in pure 
ammonia solutions. The difference in solubility increases with the 
concentration of the alkali or alkaline-earth hydroxide, and this is to 
be attributed chiefly to the increase in the OH’ ion concentration—the 
product [Cu**].[OH’}? must be constant—and to a smaller extent to 
the “ salting-out ” action of the dissolved hydroxide. 
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Since increase in the OH’ ion concentration diminishes the soln. 
bility of the cupric hydroxide, it is legitimate to conclude that the 
diminution in the OH’ ion concentration, which results from the 
iso-ionic action of cupritetra-ammonia sulphate on the corresponding 
base, will increase the solvent power of (mn — 2m) molar ammonia for 
eupric hydroxide in comparison with the solvent power of a pure 
ammonia solution containing (m — 2m) mols. per litre. 

-¢, 
mM 
explainable on the assumption of an equilibrium condition correspond. 
ing with the reversible change : 

Cu:4NH,(OH), +(NH,),SO, == Cur4NH,SO, + 2NH,OH. 

The results obtained in the measurements of the combined ammonia 
in ammoniacal copper sulphate solutions by the distribution method 
(loc. cit.) are in agreement with this theory of the nature of such 
solutions, which, moreover, explains the fact that cupric hydroxide is 
precipitated when the solutions are sufficiently diluted. 

Strength of Cupritetra-cammonia Hydrovide.—From the extent 
to which ammonia is displaced from its sulphate by the cupriammonia 
base, as indicated by the solubility data in table [ and the values of 
c 


The values of recorded in table IT are thus seen to he 


—*1 in table II, it is evident that the complex hydroxide is a much 
m 


stronger base than ammonia. In order to obtain further information 
with regard to the strength of the cupriammonia base, measurements 
of the solubility of cupric hydroxide in ammonia solutions containing 
sodium sulphate have been made. The data are recorded in table IV. 
Under Cu, are given the copper-concentrations in gram-atoms per 
litre for a series of such solutions, and for comparison the values for 
the corresponding ammoniacal ammonium sulphate are placed along- 
side under Cu,. 


Taste IV, 
Solubility of Cu(OH), in Ammoniacal Solium Sulphate Solutions. 


1-Molar ammonia. 4-Molar ammonia. 
Na.SO, mols. Na,SO, mols. 
per litre. Cu,. Cus. per litre. Cu,. Cus. 
0 0°0109 0°0109 0 0°0784 0°0784 
0°025 0°0134 0°0386 
0°1 0°0162 0°1185 0'1 0°0994 02002 
0°2 0°0192 0°2275 0°2 0°1161 0°3188 


It is evident that the presence of sodinm sulphate in the solution 
increases the solubility of the cupric hydroxide, although the increase 
produced by a given quantity of sodium sulphate is very small com 
pared with that brought about by an equivalent quantity of ammonium 
sulphate. The increase ceused by the presence of the sodium sulphate 
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expressed in terms of that brought about by an equivalent amount of 
ammonium sulphate is for the three 1-molar ammonia solutions 8°4, 
48, and 3°8 per cent. respectively, and for the 4-molar ammonia 
glutions 17 and 16 per cent. respectively. These numbers indicate 
that the displacement of sodium hydroxide from the sulphate by the 
eupriammonia base takes place to only a small extent ; from this it 
may be inferred that cupriammonia hydroxide, although a much 
stronger base than ammonia, is weak in comparison with the alkali 
and alkaline-earth hydroxides, The same conclusion follows from 
a comparison of the electrical conductivities of corresponding 
ammoniacal solutions of cupric and barium hydroxides. 

The results of the solubility measurements recorded in table I may 
now be compared with the data furnished by the distribution experi- 
ments (previous paper, loc. cit.). From the solubility numbers it is 
possible by interpolation to deduce approximately the ammonia 
concentration which is necessary to dissolve cupric hydroxide in such 
quantity that the resulting solution contains copper and sulphate 
in equivalent proportions. Such a solution is obviously identical with 
that which would be obtained by adding the requisite quantity of 
ammonia to a copper sulphate solution, If in accordance with 
the equation 


Cu(Ol), + (NH,),SO, + nNIT, = Cue4NH,SO, + (n — 2)NH, + 2H,O 
n mols. of ammonia are required per mol. of cupric hydroxide (or 
ammonium sulphate), it is obvious that the molar ratio of ammonia 
to copper in the resulting solution is equal to +2. In table V the 
approximate (interpolated) values of n +2 for a series of solutions of 
gradually increasing concentration are recorded. 


TABLE V. 


Cu=S0, concentration. 


With increasing concentration, the molar ratio of ammonia to 
copper diminishes, but even in the most concentrated solution it 
is considerably greater than four, the value corresponding with 
a solution such as would be obtained by dissolving the crystalline salt, 
Cu4NH,S0,,H,0, in water. It follows, therefore, that solutions 
of this substance containing 0-1, 0-2, and probably also 0:4 mol. per 
litre are supersaturated with respect to cupric hydroxide. This 
is also the ease for all ammoriacal copper sulphate solutions for which 
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the molar ratio of ammonia to copper is less than that corresponding 
with the n+ 2 values in the preceding table. 

Many of the solutions for which the ratio between combined 
ammonia and copper was determined by distribution measurements 
(loc. cit.) are therefore supersaturated with regard to cupric hydroxide, 
These solutions, it may be noted, were prepared by the addition of 
ammonia to copper sulphate solutions, and although during this 
process a precipitate is inevitably formed, this appears to dissolve 
completely, giving optically clear solutions which are apparently 
quite stable in spite of the fact that the ratio of ammonia to copper is 
considerably smaller than corresponds with the values in table V. 

For the purpose of comparing more exactly the solubility and 
distribution data, a particular solution may be considered. From 
crystallised cupriammonia sulphate a Q:l-molar solution can be 
prepared which is, initially, optically clear (compare Horn and 
Taylor, Amer. Chem. J., 1904, 32, 253). Measurement of the ratio 
of combined ammonia to copper in the freshly-prepared solution gave 
the value 3:45. On the assumption that no complex radicle con- 
taining less than 4 mols. ammonia per Atom of copper is formed, 
it follows from this ratio that the solution contains 0°014 gram-atom 
of copper per litre which is uncombined with ammonia, The small 
value of the ionic solubility product [Cu’*].[OH’}? precludes the 
possibility that this amount of copper is present in solution in the 
form of cupric ions, and the conclusion seems inevitable that the copper 
which is not combined with ammonia is present in the form of 
colloidal cupric hydroxide. ‘The fraction present in this form repre- 
sents 14 per cent. of the total copper. On this view, the slow 
precipitation which takes place when the above solution is allowed to 
stand can be readily understood. 

Also in agreement with this view is the fact that optically clear and 
apparently stable solutions, prepared by the addition of ammonia to 
solutions of copper sulphate, deposit cupric hydroxide when brought 
into contact with this substance, provided that the relative proportion 
of ammonia does not exceed a certain limit. Observations made with 
a solution of the composition 0°l-molar (CuSO,+4:5NH,) may be 
recorded in this connexion. 

After shaking with cupric hydroxide for three days, the solution was 
found to contain only 0°083 gram-atom of copper per litre; further 
shaking for a period of four days produced no alteration in the copper 
content. About 17 per cent. of the original copper had therefore 
been deposited in the form of cupric hydroxide. Measurement of 
the ratio of combined ammonia to copper in the original solution 
gave the value 3°50. On the assumption that Cu-4NH, represents 
the only cupriammonia complex which is contained in the solution, it 
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follows from this ratio that about 12°5 per cent. of the copper is 
present in the uncombined condition. ‘The two numbers, which 
represent respectively the proportion of copper deposited when the solu- 
tin is brought into contact with cupric hydroxide and that of the 
copper which is not combined with ammonia, are not identical ; this is . 
probably due to the fact that the two data are not strictly comparable, 

for the separation of copper from solution in the former case necessi- 

tates a re-adjustment of the proportions of the components which take 

part in the equilibrium which is characteristic of these solutions. 

The above comparison is sufficient to show that the results obtained 
by two entirely different methods of investigation are in substantial 
agreement, Whilst the author’s distribution measurements led to 
the determination of the chemical dissociation of the cupriammonia 
complex which forms the chief constituent of the deep blue ammoniacal 
solutions of copper salts, the work communicated in this paper 
throws a great deal of light on the relationship between the several 
components which are in a condition of equilibrium in these solutions. 


Addendum.—In a recent communication by Hantzsch and Robert- 
son (Ber., 1908, 41, 4328), the nature of ammoniacal solutions of 
copper salts has been investigated by an optical method. An analysis 
of this method shows that it is not at all adapted for the quantitative 
determination of the extent to which dissociation of the cupri- 
ammonia complex takes place in a given solution; it is therefore not 
surprising to find that the results which I have obtained by a more 
trustworthy method (the distribution method) are subjected to 
criticism. The experimental material communicated in this paper is 
a fitting and sutlicient reply to the critical observations of, Hantzsch 
and Robertson. 

PuysicAL CHEMISTRY LABORATORY, 
Tue UNIVERSITY, 
LEEDS. 


XLVII.—Brazilin, Haematoxylin, and their Derwaties. 
Part X. The Constitution of Trimethylbrazilone, 
of a- und B-Anhydrotrimethylbrazione, and of the 
corresponding Haematoxylin Derivatives. 

By WituiaAm Henry Perky, jun., and Rosert Ropinson 
(1851 Exhibition Scholar). 


ty Parts VIIE and 1X of this research (Trans., 1908, 93, 489, 
1115) we have brought forward evidence which, in our opinion, 
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clearly proves that the constitution of brazilin must be represented by 
the formula : 
O 
Hof \” \cH 


| ‘ee. 

SA OW 

CH CH,, 

4 ra 

- * 

fi 
HO OH 
and it is there shown that this formula accounts in a comparatively 
simple manner for all the known reactions and decompositions of 
brazilin, trimethylbrazilin, and brazilein. In discussing trimethyl- 
brazilone, one of the most important derivatives of brazilin, it was, 
however, found necessary to assume a rather complex series of 
molecular changes in order to derive a constitution which would 
account for the remarkable properties of this substance. It was 
suggested (loc. cit., p. 498) that, during the oxidation of trimethy!- 
brazilin to trimethylbrazilone, the central linkizg suffers disruption 
with the formation of an unstable diketone, which then undergoes 
internal condensation. 


O O 
Meo’ \ SCH, Meo/ iy \cH, 
A Zeb WA,_O% 
CH CH, a CO UH, 
ai 
al ‘ 
ee : 
MeO UMe MeO OMe 
Trimethylbrazilin. Diketone. 
O CO 
Meo’ \“ SCH” \CH, 
ay: im 
f /9Me 
OMe 
Trimethylbrazilone. 

Before bringing our experiments on brazilin and hematoxylin 
to a conclusion, we thought it necessary still more thoroughly to 
investigate trimethylbrazilone in order to obtain further evidence 
which would leave no doubt as to its constitution and relationship 
to brazilin. ‘Trimethylbrazilone is obtained from trimethybrazilia 
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by oxidation with chromic acid, when the following change takes 
place : 
C,yH 99, + Oy 7 C,)H,,0, + H,0. 


Trimethylbrazilin. Trimethy]brazilone. 


When trimethylbrazilone is treated with dehydrating agents, it is 
converted, with loss of water, into a-anhydrotrimethylbrazilone, 
C,)H,,9;> @ substance which contains a hydroxy! group, since it is 
converted into acetyl-a-anhydrotrimethylbrazilone by treatment with 
acetic anhydride. We have suggested that the elimination of water 
from trimethylbrazilone takes place in a simple manner, and that 
the formula : 

0  C(OH) 
Meo“ Ne” Nc 


—e 
\_ ome 


OMe 


represents a-anbydrotrimethylbrazilone. According to this view, 
a-anhydrotrimethylbrazilone is a derivative of B-naphthol with one 
a-position free, and, in support of this, we showed that it possesses 
several of the properties characteristic of B-naphthol. 

Thus, for example, it dissolves in dilute alkalis, and the solution 
combines with diazonium chlorides, yielding dyestuffs which are 
exactly similar to those produced in alkaline solutions of B-naphthol. 
We have continued our experiments in this direction (compare p. 391), 
and have prepared a number of interesting new derivatives of 
a-anhydrotrimethylbrazilone, the properties and decompositions of 
which afford further evidence that our view of the constitution of 
this substance is the correct one. 

When a-anhydrotrimethylbrazilone is treated with ferric chloride, 
it is oxidised with formation of di-a-anhydrotrimethylbrazilone, and 
this substance is converted by phosphoryl chloride into the corre- 
sponding oxide. Using the central portion of the formule only : 


O OH OH O er, 
YY ‘ae shy at Vira DY. 
# —_— ey aati fa b « S 4 a. * 


it is seen that these changes are exactly similar to the conversion 
of B-naphthol into B-dinaphthol. and £-naphthylene oxide under the 
same conditions. Nitric acid reacts readily with acetyl a-anhydro- 
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trimethylbrazilone, with the formation of the acetyl derivative of 
nitro-a-anhydrotrimethylbruzilone, 


and several derivatives of this substance have been prepared and are 
described in detail in the experimental part of this paper. 

One of its most interesting reactions is its reduction by zinc 
dust and hydrochloric acid to the corresponding amino-derivative, 
which, when oxidised by ferric chloride, yields trimethoxy-a-brazan- 
quinone (p. 394), 


0 co 
Meo y a ‘co 


That this is an ortho-quinone is shown by its behaviour with 
o-tolylenediamine, with which it condenses with formation of a 
characteristic quinoxaline ; on reduction, the quinone is converted 
into the corresponding dihydroxy-derivative, the diacetyl derivative of 
which is described on p. 396. Results exactly similar to those just 
described were obtained in the case of a-anhydrotetramethyl- 
hzematoxylone (1). 

MeO O OH MeO O- CO 


moo’ “NY Meo i ‘Noo 
conan OP en 


lo] Pw 
jm \ jp 
OMe OMe 
(I.) (II.) 

Nitric acid converts the acetyl derivative of this substance into 
nitroacetyl -a-anhydrotetramethylhaematoxylone, and this is readily 
reduced to the amino-derivative, which, on oxidation with ferric 
chloride, yields tetramethoxy-a-bruzanquinone (II). 

The investigation of the nature and constitution of the substances 
called y- and £§-trimethylbrazilone and y- and £-tetramethyl- 
hematoxylone has proved to be a matter of very considerable 
difficulty. In 1904 (Ber., 37, 631) Herzig showed that trimethyl- 
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prazilone undergoes isomeric change when it is dissolved in sulphuric 
acid, and is converted into a new substance, called by him y-trimethyl- 
brazilone. In a previous communication (Trans., 1908, 93, 501) we 
described the results of a preliminary examination of this substance, 
during which we found that this carboxylic acid, on oxidation with 
permanganate yielded large quantities of 2-carboxy-4 : 5-dimethoxy- 
phenylacetic acid, (MeO),0,H,(CO,H)-CH,-CO,H. These and other 
considerations led us to suggest two possible expressions for y-tri- 
methylbrazilone, namely : 


0 
Me0/ ¥ \ou 00,1/ \oMe 


(II.) 


The evidence available at that time was not sufficient to allow of a 
decision between these formule, but, as the result of further experi- 
ments (pp. 400—407), we are now in a position to show that formula 
(I) correctly represents the constitution of y-trimethylbrazilone. 
Before doing so it may be pointed out that this expression is readily 
derived from that of trimethylbrazilone by the following scheme of 
addition and subsequent elimination of water : 


0 60 
neo’ \“ Nou” Nou, 


 )— boy | Me0/ \O-CH,-CO-CH,/ OMe 
\ 


( ane 
Ne, 10,H\ OM 


Trimethylbrazilone. 


O 
—> Meo/ “cH 00,H// \OMe 
\ J ©-CHs —— 
y-Trimethylbrazilone. 

When y-trimethylbrazilone is treated with dehydrating agents, it 
loses the elements of water and is converted into B-anhydrotrimethyl- 
brazilone. On the assumption that the above formula (I) is the 
correct expression for y-trimethylbrazilone, the most likely mechanism 
of this remarkable and interesting change is elimination of water 
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between the carboxyl group and the Sou group of the coumaron 


ring, leading to the expression 


which, by intramolecular change, would then become 
O C-OH 

Me0/” \A\oF a a \oMe 

| I 


a Ol 
CH 


This formula represents B-anhydrotrimethylbrazilone as a derivative 
of a-naphthol with the second a-position free, and this view has been 
confirmed by further experimental investigation, since it has been found 
that, in its behaviour with diazo-solutions (p. 391) and in other 
respects, it exhibits properties exactly similar to those of a-naphthol, 
When acetyl-8-anhydrotrimethylbrazilone is treated with nitric acid, 
it yields nitroacetyl-B-anhydrotrimethylbrazilone, 


O OAc 


and this, on reduction and subsequent treatment with nitrous acid, is 
converted into trimethoxy-B-brazanquinone,* 


O CO 
Meo \“ YY” Nome 


| lOMe’ 
—_—— e 
VF 
CO 
* The name “ brazan” was given to the substance 
O 
XY) 
we yr 
by Kostanecki and Lloyd (doc. cit. ; compare Bolina, Kostanecki, and Tambor, Ber., 
1902, 35, 1675). When trimethylbrazilone is heated with hydriodic acid it yields, 
in the first place, tetrahydroxybrazan, which undergoes further reduction to tt 
hydroxybrazan, and the latter, when distilled with zinc dust, yields brazan. The 


explanation of this process is obviously as follows: Trimethylbrazilone is first con- 
verted by the action of the hydriodic acid into y-trimethylbrazilone, which loses 
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a para-quinone which had already been obtained by Kostanecki and 
Lloyd (Ber., 1903, 36, 2194) from B-anhydrotrimethylbrazilone by 
oxidation with chromic acid. 

During the course of our experiments on y-trimethylbrazilone, we 
investigated its behaviour with potassium hypobromite, and obtained a 
new series of derivatives, the examination of which has served to 
confirm our views as to the constitution of this substance. 

When y-trimethylbrazilone is treated with potassium hypobromite 
in the cold, it yields a bromolactone, C,,H,,O,Br, which, when 
digested with chloroform, readily loses hydrogen bromide with 
formation of a lactone, C,,H,,0, The bromolactone, C,,H,,0,Br, is 
readily hydrolysed by alkalis, and,the monobasic acid which is produced 
again readily yields a lactone, C,,H,,O;. This latter substance con- 
tains a phenolic hydroxyl group, since it gives a violet coloration with 
ferric chloride, and is converted by methylation into a methyl ether, 
(,,H,,0,Me, which is itself a lactone. 

{mportant evidence bearing on the constitution of this methyl 
ether was obtained as the result of the observation that, when 
oxidised by permanganate, it suffers degradation with the formation 
of dimethylresorcylic acid and m-hemipinic acid. 


and 


This result seems to prove conclusively that the methyl ether, 
C,,H,,0,Me, has the constitution : 


Meo /” oMe 9-Co-/” oMe 
\ 0-H F eens 


and is the lactone of tetramethoxybenzoincarboxylic acid. 
The acid, C,,H,,O,, from which it was derived is therefore hydroxy- 


trimethoxybenzoincarboxylic acid, 


Meo” ou CO,H/ NoMe 
—CO-CH(OH)— OMe’ 
we sane tha 
water ‘with formation of 8-anhydrotrimethylbrazilone. At the same time the 
methoxy-groups are attacked with formation of the tetrahydroxybrazan of the formula 


O OH 


HO’ \“ sé Yor 
? Ae 
which, by the further action of the hydriodic ecid and subsequently of zine dust, is 
reduced to trihydroxybrazan and then to brazan : 
0 ) 
Ho/\/\/YNon na (MY YY 
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But this acid is produced by the action of alkalis on the bromo. 
lactone, C,,H,,O,Br, and as the latter substance has neither acid po 
phenolic properties, it seems clear that its constitution must be 
represented by one of the formule : 


OMe 
0 /\oMe 


Meo’ \” NCH ~ \/ 


bar 0 


O 
(I.) 

It will be observed that the skeleton structure of this bromolactone 
is very similar to that of yw-trimethylbrazilone, from which it js 
obtained by the action of hypobromite. 

We have carefully considered the probable mechanism of the 
formation of the bromolactone from w-trimethylbrazilone and potassium 
hypobromite, and are of the opinion that the evidence is strongly in 
favour of the conclusion that formula (I) represents the constitution 
of the bromolactone, and we therefore propose the name timethony- 
coumaronoisocoumarin hydrobromide for the substance. 

The processes involved in the formation of this substance are probably 
of the agg nature. sien os (I) is, in the first 


MeO” ws \ou CO,H/’ OMe MeO \\ 0 CO,H/ \oile 


\ J——¢—cn,-\ oMe \ )——t=cu- | jot 


(I.) (II.) 


place, oxidised by the hypobromite with formation of the 
lactone (II). The lactone, on hydrolysis, yields the unsaturated 
acid, which reacts with the hypobromite with elimination of carbon 
dioxide and formation of the unsaturated bromo-derivative (Ill), 


Meo ‘ow Co. Hi NoMe McO” ou COE, (You 
OBr:0 M . 0} 
ea r-OH— \/ JOMe \ 7 CBr,° CH(OH) S, 0 


(III.) (IV.) 


a process which is exactly similar to the formation of bromostyrene 
from cinnamic acid under the same conditions. The unsaturated bromo- 
derivative now unites with the elements of hypobromous acid, and the 
resulting dibromohydroxy-compound (IV) then loses water and 
hydrogen bromide and yields the bromolactone, C,,H,,0,Br (V). 

It has already been mentioned that this bromolactone readily loses 
hydrogen bromide when it is boiled with chloroform, with formation of 
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a lactone, C,,H,,0,, and there can be no doubt that this interesting 
substance has the constitution (VI) and is trimethoxycowmaronoiso- 


OMe 


‘ Su 
4 me NN 7. 
(V.) 


coumarin. Experimental evidence in confirmation of this view 
js described and discussed on p. 402. 


As far as we are able to judge, this series of investigations has 
produced evidence which has not only clearly demonstrated the con- 
stitutions of brazilin and hematoxylin, but has also afforded an 
explanation of each one of the remarkable series of decompositions 
which these substances undergo on treatment with reagents. 

There are, however, two small exceptions to this which require 
discussion before this investigation is closed. 

In Part VIII of this research (Trans., 1908, 93, 500) it was shown 
that the remarkable substance, nitrohydroxydihydrotrimethylbrazilone, 
(,sH,,0,N(MeO),, which is produced when trimethylbrazilone is 
treated with nitric acid, has the constitution : 


0 

Meo/ “CH, NO," NOMe 

VA, (OHO me 
coo 


In an earlier paper (Part V, Trans., 1902, 81, 1053) the action of 
phenylhydrazine on this nitro-compound was described, and it was 
shown that during this process the molecule is decomposed with 
formation of p-methoxysalicylic acid and a substance of the formula 
(,,H,,0,N;. Similar experiments on the action of phenylhydrazine 
on the product of the action of nitric acid on tetramethylhemat- 
oxylone (nitrohydroxydihydrotetramethylhematoxylone) yielded the 
same substance, C,,H,,O,N,, and an acid which was not further 
examined, but which was doubtless dimethoxysalicylic acid. 

Careful consideration of these curious decompositions has led us to 
the conclusion that the correct formula for this nitrogenous substance 
is C,,H,,0,N;, and not C,,H,,0,N,, and the new formula agrees well 
with the results of analysis. In attempting to explain the mechan- 
ism of the action of phenylhydrazine in these two cases, it will only 
be necessary to refer in detail to its action on nitrohydroxydihydro- 
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trimethylbrazilone. There can be little doubt that, in this decoy. 
position, the molecule of the nitro-compound suffers scission jp 
accordance with the scheme : 


3% 


MeO 4 \ou, NO, / \oMe 


co-o-C(oH)—CH,, /)OMe 


+ HO = 
\4 4 


Meco NOH NO, NOMe 

CO,H CH,:OH:CO-CH, OMe’ 
\4 ss sabi 
and that the latter compound then reacts with phenylhydrazine, 
yielding the condensation product : 


C,H,-NH‘N:CH NO OMe 


C,H,-NH-N:O——cH,\ ome 


a process which is very similar to the formation of glucosazone from 
fructose. 

The other matter to which we wish to refer deals with the 
question of the methylation of a-anhydrotrimethylbrazilone. 

Herzig (Monatsh., 1902, 23, 178) heated trimethylbrazilone with 
potassium hydroxide and methyl iodide, and obtained two isomeric 
methyl derivatives of anhydrotrimethylbrazilone, namely, a sparingly 
soluble substance of melting point 163—165° (a-tetramethyldehydro- 
brazilin), and a more readily soluble substance of melting point 
130—135° (y-tetramethyldehydrobrazilin). We have twice repeated 
this experiment, and in both cases obtained considerable yields of 
the methyl ether of melting point 163—165°, and there can be no 
doubt that this is methyl ee 


C-OMe 
Meo \/ \o% Now 


On the other hand, although we used large quantities of material in 
both these experiments, we obtained no evidence of the existence of 4 
methyl ether of melting point 130—135°. During the crystallisation 
of the product it was noticed that a small crop of crystals was some- 
times obtained which melted roughly at 130°, but, on further 
crystallisation, the melting point rose to 165°. We are therefore of 
opinion that y-tetramethyldehydrobrazilin does not exist. 
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EXPERIMENTAL, 


Reactions which show the similarity im Properties between a- and 
p-Anhydrotrimethylbrazilones and Haematoxylones and B- and 
a-Naphthol. 


In the introduction (pp. 383, 386) it was stated that a-anhydro- 
trimethylbrazilone and a-anhydrotetramethylhematoxylone have the 
properties of derivatives of B-naphthol with the a-position free, and 
that B-anhydrotrimethylbrazilone and #-anhydrotetramethylhemat- 
oxylone have properties similar to derivatives of a-naphthol with the 
B-position free, and the constitutional formule given to these 
substances is in harmony with this view of their constitutions. The 
following qualitative comparison clearly brings out these points. The 
aderivatives are soluble in dilute potassium hydroxide, and the 
Bderivatives are soluble even in cold sodium carbonate. They are all 
readily methylated by methyl sulphate and alkali under the same 
conditions as the corresponding naphthols. The azo-dyes obtained 
from the a-anhydro-derivatives have already been described (Trans., 
1908, 93, 500) and shown to be similar to those obtained under 
the same conditions with f-naphthol, and we now find that the 


Banhydro-derivatives also yield colour reactions with diazo-salts 
which correspond very closely with those exhibited by alkaline 
solutions of a-naphthol. The following table will illustrate this 
point : ; 


B-Anhydro- 8-Anhydrotetra- 
Diazotised. trimethylbrazilone. methylhematoxylone. 
Deep crimson Claret. 
Sulphanilic acid ........ ... Crimson (blue shade) .... Purplish-red. 
a-Naphthylamine Crimson (blue shade) Purplish-red. 
Benzidine 1 Purple. 
p-Nitroaniline Bluish-green. 
m-Nitroaniline Crimson. 
Sage-green. 


A very characteristic reaction shown by both a- and B-naphthol is 
that their solutions in potassium hydroxide acquire a Berlin-blue 
colour changing to green and finally to brown, when they are mixed 
with chloroform and heated at 40—50° (Lustgarten, Monatsh., 1882, 
3,720). It is certainly remarkable that such complicated derivatives 
of the naphthols as the a- and f-anhydrotrimethylbrazilones and 
\etramethylheematoxylones should not only show this reaction, but 
should reproduce almost exactly the same shades of colour. In carry- 
Ing out the experiment, a few drops of chloroform were added to the 
solution of the anhydro-derivative in alcoholic potassium hydroxide, 
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and, on warming on the water-bath, the following behaviour was 
observed : 


a-Anhydrotrimethylbrazilone Berlin-blue changing to light green anj 
then brown. 

8-Anhydrotrimethylbrazilone Bright green changing to brown, 

a-Anhydrotetramethylhematoxylone....... Prussian-blue changing to green and 
brownish-yellow. 

8-Anhydrotetramethylhematoxylone Intense Scheele-green changing to green. 
ish-brown. 


Di-a-Anhydrotrimethylbrazilone. 


In order to prepare this substance, a-anhydrotrimethylbrazilon 
(5 grams) is dissolved in boiling methyl alcohol (200 cc.) and 
digested with anhydrous ferric chloride (10 grams) on the water. 
bath for half an hour, when a green precipitate will have 
separated. 

The whole is filtered hot, the ‘precipitate washed with alcohol, and 
the pale green residue, which is very sparingly soluble in most 
organic solvents, crystallised from a large quantity of methyl ethy! 
ketone : 

0°1219 gave 0°3138 CO, and 0°0495 H,O. C=70'2; H=45. 

C,,H,,0,, requires C=70°6 ; H=4°6 per cent. 

This interesting substance shrinks at 215°, and gradually melts 
with some decomposition to a green liquid, fusion being complete at 
225°. When mixed with alcoholic sodium or potassium hydroxide, it 
yields sparingly soluble sodium or potassium salts ; it does not combine 
with diazonium salts, nor does it give any coloration with chloroform 
and potassium hydroxide, but sulphuric acid dissolves it with a yellowish- 
brown colour. In order to convert it into the derivative corresponding 
with B-naphthylene oxide, the substance was digested with phosphoryl 
chloride, the product decomposed by water, and the precipitate 
extracted repeatedly with dilute alcoholic potassium hydroxide. The 
greenish-grey residue resembles f-naphthylene oxide in a striking 
manner ; thus, for example, both substances dissolve in sulphuric acid, 
yielding a rose-red solution which, on warming, becomes successively 
red, violet, purple, and finally a beautiful indigo-blue. 

Di-a-anhydrotrimethylbrazilone Diacetate.—This derivative is obtained 
when di-a-anhydrotrimethylbrazilone (2 grams) is boiled for ten 
minutes with acetic anhydride (20 ¢.c.) and anhydrous sodium 
acetate (8 grams). The product is poured into water, the crystalline 
precipitate collected, and crystallised first from methyl ethyl ketone 
and then from boiling acetic acid : 

0°1236 gave 0°3117 CO, and 0:0532 H,O. C=68:8; H=4°. 

C,,H,,0,, requires C=69°0 ; H=4°7 per cent. 
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When this diacetate is slowly heated, a change is seen to occur, 
accompanied by slight shrinking, at about 170—175°, and there is no 
farther change until the temperature reaches 278°, when the substance 
melts quite sharply. If the capillary tube containing the substance 
is plunged into sulphuric acid at 180°, the substance melts, but this 
is not the case with specimens which had previously been heated 
at 180° and allowed to cool. The diacetate exists evidently in 
two modifications, melting respectively at about 180° and at 278°. 

The lower melting modification is always obtained when the 
substance is crystallised from acetic acid, and separates in four-sided 
plates, often united in the form of a cross. Its solution in methyl 
ethyl ketone exhibits a strong violet fluorescence. 


Nitro-a-anhydrotrimethylbrazilone, 


Considerable quantities of the acetyl derivative of this substance 
were prepared by dissolving acetyl-a-anhydrotrimethylbrazilone 
(Trans., 1902, 81, 1045), in quantities of 10 grams, in warm glacial 
acetic acid (150 c.c.), and, after cooling, adding nitric acid (10 c.c. of 
D=1:42) diluted with acetic acid (20 c.c.). The nitro-derivative 
crystallises almost immediately, and, after a few minutes, is collected 
and washed with alcohol, when a yield of 97 per cent. of that 
theoretically possible is obtained. For analysis, the substance 
was recrystallised from acetic acid : 

01194 gave 0°2682 CO, and 00462 H,O. C=613; H=4:3. 

C,,H,,0,N requires C=61:3; H=4'l per cent. 

Nitroacetyl-a-anhydrotrimethylbrazilone is sparingly soluble in alcohol 
or cold glacial acetic acid, and separates from boiling acetic acid in 
small, brilliant yellow needles, which darken at 222° and melt at 235° 
with decomposition. It dissolves in sulphuric acid, yielding a purple 
solution, which becomes brown on dilution with water. 

Nitro-a-anhydrotrimethylbrazilone may be obtained by the direct 
nitration of a-anhydrotrimethylbrazilone, but not so readily as by the 
hydrolysis of the acetyl derivative just described The acetyl deriv- 
ative is finely powdered and digested with a large excess of very dilute 
methyl-alcoholic potassium hydroxide for half an hour, the red solution 
is then filtered from any unchanged- substance and undissolved 
potassium salt, and the filtrate acidified with acetic acid. The crys- 
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talline precipitate is collected, washed with alcohol, and dried at 109°. 
it is then pure: 
0°1067 gave 0:2407 CO, and 0:0407 H,O. C=615; H=4-2, 
C,,H,,0,N requires C=61°8; H=4:1 per cent. 

Nitro-a-anhydrotrimethylbrazilone is very sparingly soluble even jn 
hot glacial acetic acid, and is difficult to recrystallise. 

It separates from a large quantity of boiling glacial acetic acid as a 
brick-red powder consisting of not very well defined microscopic 
prisms. It dissolves in alkalis with a yellowish-red, and in sulphuric 
acid with a reddish-purple, colour. When digested with acetic 
anhydride and sodium acetate, it is converted into the acetyl derivative 
described above. 

Nitro-a-anhydrotrimethylbrazilone Methyl Hther.—This substance is 
readily obtained when nitric acid (3 ¢.c.) is added all at once to a cold 
solution of a-anhydrotrimethylbrazilone methyl ether (2°5 grams: see 
Herzig and Pollak, MJonatsh., 1902, 23, 177) in glacial acetic acid 
(25 «.c.). The yellow crystals, which soon separate, are collected, 
washed with alcohol, and crystallised from glacial acetic acid. The 
same substance is obtained when nitro-a-anhydrotrimethylbrazilone 
dissolved in boiling dilute methyl-alcoholic potassium hydroxide is 
treated with methyl sulphate until the red colour of the alkaline 
solution disappears : 


01294 gave 4:4 c.c. N, at 10° and 751 mm. N=4:0. 
C,,H,,0,N requires N = 3-7 per cent. 
Nitro-a-anhydrotrimethylbrazilone methyl ether separates from acetic 
acid in bright yellow needles, melts at 226°, and dissolves in sulphuric 
acid, forming a reddish-violet solution. 


Trimethoxy-a-brazanquinone, 


Qo CO 
MeO” ba i * co 


This interesting new quinone has been obtained in a variety 
of different ways, of which the following may be particularly 
mentioned. 

I. By the Oxidation of Dihydroxytrimethoxy-a-brazan.—In carrying 
out this experiment, diacetoxytrimethoxybrazan (p. 396; 3 grams) 
was dissolved in hot alcoholic potash (30 c.c. of 3 per cent.) and a 
current of air passed through the solution, when a flocculent precipitate 
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separated, which was green at first, but ultimately became brown. 
The precipitate was collected and crystallised from glacial acetic 
acid, from which the quinone separated as a brown, microcrystalline 
mass + 
0:1105 gave 0°2726 CO, and 00437 H,O. C=67:3; H=4-4. 
C,,H,,0, requires C=67°5 ; H=4-2 per cent. 

Il. By the Oxidation of Aminoacetyl-a-anhydrotrimethylbrazilone.— 
Nitroacetyl-a-anhydrotrimethylbrazilone (p. 393; 5 grams) was sus- 
pended in boiling alcohol (500 c.c.) and reduced with zinc dust and 
hydrochloric acid on the water-bath until solution was complete. 
Water was then added, and the solution of the aminophenol oxidised 
by the addition of ferric chloride, chromic acid, or sodium nitrite, the 
latter appearing to give the best results. The well-cooled solution was 
mixed with sodium nitrite (2 grams), dissolved in water, and the brown 
precipitate, which rapidly separated, was collected, dried on porous 
porcelain, and crystallised from glacial acetic acid. 

III. By the Action of Potassium Hypobromite on a-Anhydrotrimethyl- 
brazilone.—In this experiment a-anhydrotrimethylbrazilone (2 grams) 
was dissolved in very dilute potassium hydroxide, mixed with powdered 
ice, and treated with an ice-cold solution of bromine (6 grams) in dilute 
potassium hydroxide. The brown precipitate of the quinone, which 
soon separated, was collected, and, after crystallisation from glacial 
acetic acid, was found to weigh 1°5 grams. The identity of the 
substances obtained in the above experiments was proved by careful 
comparison, and especially by the fact that they all yielded the same 
quinoxaline on treatment with 3:4-tolylenediamine, and were all 
converted into diacetoxytrimethoxy-a-brazan (p. 396) by treatment 
with zinc dust in the presence of acetic acid and acetic anhydride. 

Trimethoxy-a-brazanquinone is very sparingly soluble in most solvents, 
and does not melt at 300°. It crystallises from much boiling acetic 
acid as a brown, microcrystalline powder, which consists of balls of 
needles, It dissolves in concentrated sulphuric acid with an intense 
crimson colour, and is precipitated unchanged on dilution with water. 

Trimethoxy-o-brazotoluquinoxaline is obtained when the quinone 
(1 gram) is boiled with 3:4-tolylenediamine (1 gram), sodium 
acetate (1 gram), and glacial acetic acid (300 c.c.). As soon as the 
quinone has dissolved, the liquid is filtered and allowed to cool, 
when beautiful orange-brown, glistening needles separate. These are 
collected and recrystallised from glacial acetic acid : 

0'1280 gave 0°3446 CO, and 0:0554 H,O. C=734; H=4°8. 

C,H .0,N, requires C=73°6 ; H=4°7 per cent. 

This quinoxaline melts at 257° without decomposition, and is 

moderately readily soluble in benzene, yielding a yellow solution which 
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exhibits an intense green fluorescence, but the solutions in alcohol or 
acetic acid do not fluoresce. It is coloured crimson by concentrated 
hydrochloric acid, and dissolves in sulphuric acid, yielding a magnif. 
cent royal-blue solution which, when diluted with water, gives q 
crimson solution and then a brown precipitate. 


It is mentioned above that trimethoxy-a-brazanquinone is obtained 
in good yield from a-anhydrotrimethylbrazilone by oxidation with 
potassium hypobromite. When, however, chromic acid was employed 
as the oxidising agent, a different result was obtained. 

a-Anhydrotrimethylbrazilone (7 grams) was dissolved in glacial 
acetic acid, and then chromic acid (4 grams), dissolved in a little 
water, gradually added, the solution being constantly stirred and 
carefully cooled. 

After a quarter of an hour, the almost black precipitate was col- 
lected, dried on porous porcelain, and crystallised from a large 
quantity of boiling glacial acetic acid. 

The deep green, microcrystalline mass yielded on , aii the 
following result : 

01103 gave 0°2694 CO, and 0°0420 H,O. C=666; H=4:2. 

C,.H,,0,, requires C= 67:2; H=4°4 per cent. 

Since this substance does not lose its green colour even after 
repeated crystallisation from acetic acid, it is probable that it is 
trimethoxy-a-brazanquinhydrone, a view which would be in agreement 
with the results of analysis. 


Diacetoxytrimethoxy-a-brazan, 
O OAc 
Met 4 YY Node 
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This interesting substance is obtained when trimethoxy-a-brazan- 
quinone (5 grams) is boiled with acetic anhydride (20 c.c.), glacial 
acetic acid (50 c.c.), a trace of zinc chloride, and excess of zine 
dust until the solution is colourless. The hot liquid is filtered 
into dilute sulphuric acid, the colourless, crystalline precipitate 
collected, and purified by repeated crystallisation from acetic acid : 

0°1112 gave 0:2643 CO, and 0:0469 H,O. C=648; H=477. 

C,,H,,O, requires C =65'1 ; H=4'7 per cent. 
Diacetoxytrimethoxy-a-brazan melts at 217°, and is sparingly soluble 
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in the usual solvents. It separates from acetic acid in slender needles, 
from methyl ethyl ketone in bunches of microscopic threads, and from 
ethyl acetate or light petroleum in slender, curly threads. It is 
coloured green by sulphuric acid and dissolves, yielding a brown 
solution which becomes crimson on standing. 

When its solution in acetic acid is treated with nitric acid, a 
yellow, crystalline nitro-derivative is produced, which darkens at 240°, 
melts at 310°, and dissolves with a deep purple colour in sulphuric 
acid. 

Several attempts were made to obtain the free dihydroxy-derivative 
by hydrolysing the acetyl derivative under a variety of conditions, 
but this substance is so readily oxidised in the air that it was 
not found possible to isolate it in a pure condition. 


Nitroacetyl-B-anhydrotrimethylbrazilone, 
O OAc 
Meo’ \“ \“ \ Nome 
| | | ) Jome’ 
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The acetyl-8-anhydrotrimethylbrazilone employed in this experiment 
was prepared by the action of sulphuric acid and then of acetic 
anhydride on trimethylbrazilone (Herzig, Ber., 1904, 37,632; Herzig 
and Pollak, Monatsh., 1904, 25, 881). The pure acetyl derivative 
(5 grams) was dissolved in glacial acetic acid (100 c.c.), and the well- 
cooled solution gradually mixed with nitric acid (6 c.c. of D= 1-42). 

After a few minutes the red solution deposited crystals of the nitro- 
derivative, which were collected, washed with alcohol, and crystallised 
from acetic acid. : 

0:1316 gave 02945 CO, and 0050 H,O. C=61:1; H=4l. 

C,,H,;0,N requires C=61°3 ; H=4'1 per cent. 

Nitroacetyl-B-anhydrotrimethylbrazilone is more soluble in acetic acid 
than the corresponding a-derivative (p. 393), and separates in micro- 
scopic, orange threads which shrink together at 246—250°. 

It dissolves with a red colour in sulphuric acid. An exactly 
similar derivative is obtained by nitrating acety!-8-anhydrotetramethy]- 
hematoxylone under the same conditions, and separates during the 
operation in reddish-brown needles, It is deposited from alcohol as a 
reddish-brown, crystalline powder, which melts at 161° with decom- 
position, and dissolves in sulphuric acid to an intense red solution. 
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This interesting substance was first prepared by Kostanecki and 
Lloyd (Ber., 1903, 36, 2194) by the oxidation of f-anhydrotrimethy. 
brazilone with chromic acid (compare p. 386). We have found that 
it may be obtained in a very good yield from -nitroacetyl-8-anhydro- 
trimethylbrazilone by reduction, hydrolysis, and subsequent oxidation 
of the amino-derivative. Nitroacetyl-8-anhydrotrimethylbrazilone 
(1 gram) is dissolved in boiling alcohol and treated with zinc dust and 
hydrochloric acid until a colourless solution is obtained. After 
dilution with water, the liquid is filtered and mixed with a strong 
aqueous solution of sodium nitrite (1 gram), when an immediate 
voluminous, red precipitate separates ; this is collected, washed with 
water, and crystallised from glacial acetic acid. The small, deep red 
threads obtained in this way melted at 261—262°, and were found by 
direct comparison to be identical with the trimethoxy-B-brazanquinone 
prepared by Kostanecki and Lloyd. This method of preparation is 
interesting, not only because it is exactly analogous to the formation 
of trimethoxy-a-brazanquinone from  a-anhydrotrimethylbrazilone 
(p. 394), but also because it proves conclusively that the nitro-group 
in nitroacetyl-8-anhydrotrimethylbrazilone occupies the position 

. assigned to it on p. 397. 

That the quinone is a para- and not an ortho-quinone is confirmed 
by the fact that it does not yield a condensation product with o-tolyl- 
enediamine. 


Nitroacetyl-a-anhydrotetramethylhaematoaylone, 
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In preparing this substance, acetyl-a-anhydrotetramethylhematoxy- 
lone (10 grams: Trans., 1902, 81, 1062) was dissolved in glacial 
acetic acid (200 c.c.) and the well-cooled solution mixed with nitric 
acid (15 c.c. of D=1-42) diluted with glacial acetic acid (15 .¢). 
In a short time, crystals commenced to separate, and, after two hours, 
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the precipitate was collected and a further quantity was obtained by 
diluting the filtrate with water. The mass was washed with alcohol 
and crystallised from acetic acid : 

0:1270 gave 0°2784 CO, and 0°0489 H,O. C=59°3; H=4:3. 

C,,H,,O,N requires C=59°9; H=4°3 per cent. 

Vitroacetyl-a-anhydrotetramethylhaematoxylone separates from acetic 
acid in yellow needles, and melts, apparently without decomposition, at 
915°. It is readily soluble in hot acetic acid or hot alcohol, but 
sparingly so in cold alcohol, and it dissolves in sulphuric acid, yielding 
an intense olive-green solution which, on dilution with water, changes 
todeep brown. It was mentioned on p. 393 that the solution of the 
corresponding brazilone derivative in sulphuric acid is purple, and it is 
remarkable that the introduction of a fourth methoxy-group should be 
sufficient to bring about so complete a change in colour. 


Tetramethoxy-a-brazanquinone, 
MeO O CO 
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This interesting quinone was first obtained by methods similar to 
those described in the case of the corresponding trimethoxy-derivative 
(p. 394), but the most convenient method of preparation is probably 
the following. Nitroacetyl-a-anhydrotetramethylhematoxylone (1 
gram) is boiled in alcoholic solution with granulated zine and 
hydrochloric acid until a colourless solution is obtained, and then for 
ten minutes longer. The hot solution is filtered, diluted with half its 
volume of water, and then sodium nitrite (1 gram), dissolved in water, 
is added, when a brownish-black precipitate separates. This is collected, 
washed with cold alcohol, and crystallised from much boiling alcohol : 

0°1109 gave 0°2627 CO, and 0°0447 H,O. C=646; H= 44. 

C.,H,,0, requires C=65°2 ; H=4:°3 per cent. 

Tetramethoxy-a-brazanquinone separates from alcohol in dark brown, 
microscopic prisms, and is very sparingly soluble in most solvents, but 
moderately readily so in hot acetic acid. It dissolves in sulphuric 
acid, yielding a deep violet solution. When it is boiled with acetic acid, 
acetic anhydride, and zinc dust (compare p. 396), it is reduced and 
converted into a colourless acetyl derivative, which was not further 
examined. 

Tetramethoxy-a-brazotoluquinoxaline.—This derivative is obtained 
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when the quinone (1 gram) is digested for ten minutes with acetic 
acid (50 c.c.), 3:4-tolylenediamine hydrochloride (1 gram), and the 
same quantity of sodium acetate. The dark solution is mixed with 
water, the precipitate collected, washed with alcohol, and crystallised 
from a large quantity of toluene, from which it separates as a coffee. 
coloured powder consisting of microscopic needles : 

0°1248 gave 0°3247 CO, and 0:0576 H,O. C=71°0; H=5'l. 

C,,H,,0;N, requires C= 71:3; H=4:8 per cent. 

This quinoxaline shrinks at 205—210°, and is very similar in 
properties to trimethoxy-a-brazotoluquinoxaline described on p. 395, 
It dissolves in sulphuric acid with a deep indigo-blue colour, and the 
solution becomes pink on dilution with water. The solution of the 
substance in boiling toluene is brown, and, when diluted, ‘exhibits an 
intense ivy-green fluorescence, and this property is so marked that, 
although the quinoxaline is almost insoluble in cold toluene, when it is 
shaken with the solvent and filtered, the almost colourless filtrate still 
shows a strong fluorescence. 
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This substance is produced by the action of potassium hypobromite 
on y-trimethylbrazilone (Trans., 1908, 93, 501), the best conditions of 
preparation being apparently the following. 

y-Trimethylbrazilon@ (20 grams) is dissolved in potassium hydroxide 
(4 grams) and water (150 c.c.), and the well cooled solution poured 
into potassium hypobromite, made by dissolving bromine (10 cc.) 
in potassium hydroxide (24 grams), water (200 c.c.), and powdered 
ice (200 grams). In a few seconds the new substance commences to 
separate, the whole liquid soon becomes gelatinous, and, after standing 
for four to five hours, the gelatinous mass will have become crystalline. 

The almost colourless, very finely-divided precipitate is collected 
by the aid of the pump, and is best washed by rubbing in a mortar 
with water and again transferring to the pump, and, after repeating 
the operation several times, the mass is left in contact with 
porous porcelain until dry. “Finally, the substance is dissolved 
in cold chloroform and the filtered solution precipitated by light 
petroleum : 
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0:1230 gave 0°2404 CO, and 0°0446 H,O. C=53°3; H=4°0. 
01460 ,, 0°0634 AgBr. Br=19-2. 
(,;H,,0¢Br requires C=53°1; H=3°7; Br=19°6 per cent. 

Trimethoxycoumaronoisocoumarin hydrobromide separates from 
chloroform on addition of light petroleum as a precipitate which is 
very like flour, and under the microscope is seen to consist of 
prisms rather irregular in shape. It darkens somewhat at 95°, and 
melts at 121° to a green liquid which decomposes vigorously at 
about 130°; it is rather sparingly soluble in the usual organic 
solvents in the cold, and is unstable, since it decomposes when it 
is boiled with acetic acid or chloroform (see below). It dissolves 
in sulphuric acid with elimination of hydrogen bromide, and the 
pale yellow solution gradually becomes red and develops a green 
fluorescence. 

Trimethoxycoumaronoisocoumanin, 
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On one occasion when the action of potassium hypobromite on 
j-trimethylbrazilone was carried out apparently under the same 
conditions as usual (see the last section), the reaction took an 
abnormal course, and the product consisted entirely of yellow 
needles, which crystallised well from methyl alcohol and melted 
at 152°, 

We have never been able to repeat this experiment, but we have 
prepared the same substance by the removal of hydrogen bromide 
from the hydrobromide described in the last section. This may be 
accomplished in many ways, but the most satisfactory is to boil the 
dry substance with chloroform. The hydrobromide, in quantities 
not larger than 0°5 gram, is digested in a test-tube with chloroform for 
afew minutes, and the balk of the chloroform is then slowly distilled off, 
when, at a certain point in the concentration, the liquid becomes 
green and the solid passes into solution. As soon as the green 
colour is observed, the flame is removed, and the vigorous action 
Which sets in with evolution of quantities of hydrogen bromide 
allowed to proceed without further heating until the green colour 
gives place to yellow. The product is mixed with 4 to 5 volumes 
of methyl alcohol, and the yellow, crystalline precipitate which 
separates is collected and _ recrystallised from methyl alcohol. 
Of the following analyses, the substance used in I was that 
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which had been obtained by the direct action of potassium hypo 

bromite on y-trimethylbrazilone in the experiment  mentiong 

above. Specimens If and III were prepared by the chloroforn 
process : 

I. 0°1096 gave 0-2661 CO, and 0°0461 H,O. C=66:2; H=4 

II. 0°1378 ,, 03360 CO, ,, 00595 H,O. C=665; H=43 

III. 0°1226 ,, 02965 CO, ,, 0°0496 H,O. C=65°9; H=45, 

C,,H,,0, requires C=66°3 ; H =4°3 per cent. 

All the specimens of this substance were pale yellow, and it was not 
found possible to remove the colour by repeated recrystallisation from 
methyl alcohol or other solvents. When, however, the substang 
was digested with weak alcoholic potash for five minutes on the 
water-bath, a nearly colourless solution was obtained, which remained 
clear after diluting with water and removal of the methyl alcohol by 
evaporation, and, indeed, when the solution was saturated with carbon 
dioxide nothing separated. Addition of hydrochloric acid precipitated 
a white, caseous mass, and this crystallised from methyl alcohol in 
beautiful needles which were now quite colourless, but in other 
respects the substance proved to be identical with that described 
above, a fact which was controlled by analysis : 

0°1162 gave 0°2824 CO, and 0°0449 H,O. C=66°3; H=4:3. 

Trimethoxycoumaronoisocoumarin melts at 152°, and dissolves rather 
readily in chloroform or acetic acid, but sparingly so in cold methylor 
ethyl alcohols, It is not very soluble in boiling ethyl alcohol, and 
separates, on cooling, in small, colourless prisms, It dissolves in 
sulphuric acid, yielding a salmon-pink solution, which possesses 4 
very intense, ivy-green fluorescence; addition of a trace of nitrite 
changes the cclour to purple, and the fluorescence is destroyed. 

That the substance is a lactone is shown by its behaviour with 
alcoholic potash, which has been already described. The formation of 
trimethoxycoumaronoisocoumarin by the elimination of hydrogen 
bromide from its hydrobromide may also be brought about by boiling 
with acetic acid or diethylaniline, but the product obtained in these 
cases is not so readily purified as when prepared by the chloroform 
method described above. 


The Action of Bromine on Trimethoxycoumaronoisocoumarin. 


In studying this action a dilute solution of bromine in chloroform 
was gradually added to the isocoumarin until an excess was present. 
The bromine was slowly absorbed with elimination of hydrogen 
bromide, and a quantitative experiment showed that 0°71 gram of the 
substance reacted with 0°39 gram of bromine, or in approximately 
molecular proportions. As soon as the reaction was ‘finished, the 
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chloroform was evaporated in a vacuum desiccator, and the solid 
residue several times crystallised from alcohol. The air-dried 
substance yielded the following results on analysis : 


01245 gave 0°2428 CO, and 0°0425 H,O, C=53:2; 
0:1300 ,, 0°2547 CO, ,, 0°0484 H,O. C 
01207 , 0°0552 AgBr. Br=19°4. 
C,;H,,0,Br requires C=53'3; H=3-2; Br=19°7 per cent. 


Monobromotrimethoxycowmaronoisocoumarin separates from alcohol 
as a satiny mass of yellow, prismatic plates; it melts at 206°, and 
decomposes at 208° with formation of a red liquid. When it is 
digested with alcoholic potassium hydroxide, the lactone ring is 
hydrolysed, but the product obtained on acidifying still contains 
bromine, a proof that hydrogen in an aromatic nucleus had been 
substituted. 

On the other hand, there is strong evidence that the reaction 
proceeds to some extent in another direction, bromine being added to 
the double linking. The bromine content of the crude product 
which remains after evaporating the chloroform is greater than that 
required for substitution, and yet too low for that required for the 
dibromide : 

0'1114 gave 0°0643 AgBr. Br=24°5. 

C,,H,,0,Br requires Br=19-7 per cent. 
C,,H,,0,Br, » Br=32°8 ,, ,, 


The presence of the dibromo-additive product seems to be borne out 
by the results of the following interesting experiment. 

The crude product of bromination (2 grams) was dissolved in 
alcoholic potassium hydroxide, heated on the water-bath for half an 
hour, the solution diluted, evaporated until free from alcohol, cooled, 
and mixed with 10 c.c. of 30 per cent. hydrogen peroxide. After 
forty-eight hours, the solution was heated for one hour on the water- 
bath, acidified, filtered, saturated with ammonium sulphate, and 
repeatedly extracted with ether. The ethereal solution was dried, 
evaporated, and the solid residue, which crystallised from hot 
water in colourless needles, melted at 152°, and gave a violet 
coloration with ferric chloride, was easily recognised as p-methoxy- 
salicylic acid. 

The mother liquors from these crystals yielded, on concentration, 
an acid which was shown, by conversion into the characteristic silver 
salt, to be m-hemipinic acid. 

This interesting degradation is readily explained on the assumption 
that the product of the bromination of trimethoxycoumaronoiso- 
coumarin contains the dibromo-additive compound (1), which is 

Dv2 
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hydrolysed by potassium hydroxide with formation of the hydroxy. 
trimethoxybenzilearboxylic acid of the formula (II). 

OMe 

/\oMe 


° | Me0/ NOH C0, H/ Nome 
Meo’ \” \cBr” \” | Jeo ——-Col Jom 
| |_ fp ree) a ad AY 
ww od 

(I.) (II.) 
This acid is then oxidised by hydrogen peroxide with formation of 
p-methoxysalicylic and m-hemipinic acids (compare Proc., 1907, 23, 


166). 


Hydroxytrimethoxybenzoincarboxylic Acid and iis Lactone, 


Meo” Nou CO,H/ OMe 
\ 7 CEC, 

The hydroxy-acid is readily obtained by the action of alcoholic 
potash on trimethoxycoum»ronoisocoumarin hydrobromide. 

The hydrobromide (5 grams) is suspended in alcohol (100 c.c.) and 
warmed on the water-bath with a solution of potassium hydroxide 
(5 grams) in a small quantity of water, when decomposition rapidly 
takes place. As soon as solution is complete, the product is diluted 
with water, cooled, and acidified with dilute acetic acid ; the gelatinous 
precipitate is then collected, dried on porous porcelain, and crystal- 
lised, first from methyl ethyl ketone and then from ethyl acetate: 

0°1164 gave 0°2557 CO, and 0:0554 H,O. C=59°9; H=5°3. 

C,,H,,0, requires C=59°7 ; H=5-0 per cent. 

Hydroxytrimethoxybenzoincarboxylic acid melts at 195°, and is 
sparingly soluble even in boiling alcohol, but more readily so in ethyl 
acetate, from which it separates in clusters of pale yellow needles. 

It is readily soluble in sodium carbonate, and dissolves in sulphuric 
acid, yielding a yellow solution which becomes redder on standing and 
develops an intense green fluorescence. Its alcoholic solution gives 4 
brownish- violet coloration on the addition of ferric chloride. 

The Lactone.—This substance was first obtained in small quantity 
from the product of the action of alkalis on trimethoxycoumaronots- 
coumarin hydrobromide by extraction with ether, and, on concentrat- 
ing the ethereal solution, it separated as a crystalline crust (analysis J). 
It is best prepared from the hydroxycarboxylic acid (1 gram) by 
digesting with glacial acetic acid (10 cc.) and hydrochloric acid 
(lc.c). The precipitate, obtained on dilution with water, is collected 
and crystallised from ethyl alcohol (analysis II) : 
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I. 0:1227 gave 0°2795 CO, and 0°0525 H,O. C=62:2; H=4°8. 
Il. 01131 ,, 0°2599 CO, ,, 00498 H,O. C=62°7; H=4°9. 
C,,H,,07 requires C= 62°8 ; H=4°6 per cent. 

The lactone of hydroxytrimethoxybenzoincarboxylic acid melts at 
181°, and, although sparingly soluble in alcohol, is more readily so 
than the hydroxy-acid. It dissolves readily in potassium hydroxide, 
but is insoluble in sodium carbonate. Since the alcoholic solution 
gives a reddish-violet coloration with ferric chloride, it is clear that the 
phenolic hydroxyl has not taken part in the lactone formation, and it 
is therefore evident that the lactone contains the grouping : 

9°00” ‘ome 
-CH—-\ OMe’ 

Oxidation of Hydroxytrimethoxybenzoincarboxylic Acid.—When this 
acid is heated with excess of nitric acid (D=1°'17) on the water-bath 
for one hour, vigorous oxidation occurs, and, on dilution with water, a 
sticky, yellow oil is obtained, which gives the blood-red colour with 
ferric chloride characteristic of nitromethoxysalicylic acid, but from 
which nothing crystalline could be obtained. The clear liquid from 
this yellow oil was extracted with ether, and yielded, on evaporation, 
a crystalline residue, which was recognised, by conversion into the 
characteristic silver salt and ethylimide (m. p. 230°), as m-hemipinic 
acid. 


The Lactone of Tetramethoxybenzoincarboxylic Acid, 


MeO’ ‘Me 0-00/ )OMe 


a eoo—bH\ ome 

In preparing this substance, the lactone of hydroxytrimethoxy- 
benzoincarboxylic acid (1 gram) is dissolved in the least possible 
quantity of methyl alcohol, mixed with methyl sulphate (10 grams), 
aud the solution kept distinctly alkaline by the addition, from time to 
time, of small quantities of 40 per cent. aqueous potassium hydroxide, 
The vigorous action is not checked, and when the solution remains 
alkaline, it is diluted with water and acidified with hydrochloric acid. 
The chalky precipitate is collected, and crystallised first from alcohol 
and then from methyl ethyl ketone containing a small quantity of 
light petroleum : 

01012 gave 0:2369 CO, and 0:0481 H,O. C=63°8; H=5°3. 

C,,H,,0, requires C = 63°7 ; H=5-0 per cent. 

The lactone of tetramethoxybenzoincarboxylic acid melts at 200°, and 
is moderately soluble in methyl or ethyl alcohols, acetic acid, cr 
acetone, but almost insoluble in light petroleum. The alcoholic 
solution gives no coloration with ferric chloride. It dissolves in 
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sulphuric acid, yielding a purple solution, which soon becomes carmine. 
red, and develops a deep green fluorescence. On long standing, the 
solution resembles in colour and fluorescence that of a solution of 
hydroxytrimethoxybenzoincarboxylic acid in sulphuric acid. The 
lactone is insoluble in sodium carbonate and in dilute potassium 
hydroxide, but it dissolves in alcoholic potassium hydroxide, and the 
solution remains clear on dilution with water. If the alcohol is 
removed by evaporation and hydrochloric acid added to the well- 
cooled solution, a white, amorphous substance is precipitated, which is 
evidently the free hydroxy-acid, since it is soluble in sodium carbonate. 
In a short time, however, lactone formation takes place, and the 
precipitate becomes insoluble. 

Oxidation of Tetramethoxybenzoincarboxylic Acid.— In carrying 
out this oxidation, the pure lactone (15 grams) was dissolved in 
alcoholic potash, the solution diluted, evaporated until free from 
alcohol, nearly neutralised with hydrochloric acid, mixed with 
powdered ice, and then cold saturated permanganate added until the 
colour remained permanent. 

After removing the slight excess of permanganate by sulphurous 
acid, the product was heated on the water-bath, filtered, and the 
yellow solution evaporated to a small bulk, acidified, and extracted 
several times with ether. The ethereal solution was dried over 
anhydrous sodium sulphate, evaporated, and the semi-solid residue 
dissolved in hot water, when, on standing, a crystalline acid separated 
which melted at 107°. That this acid was dimethyl-B-resorcylic acid, 


was proved by its properties, and especially by the fact that, when 
mixed with a specimen of this acid which had been obtained by the 
methylation of B-resorcylic acid, there was no alteration in melting 
point. The filtrate from the dimethyl-B-resorcylic acid was con- 
centrated and allowed to stand, when large, prismatic crystals separated, 
which melted at 178° and were proved to consist of m-hemipinic acid 
by conversion into the characteristic silver salt and ethylimide 
(m. p. 230°). 


The Action of Potassium Hypobromite on y-Tetramethylhaematoxylone. 


In studying this decomposition, y-tetramethylhematoxylone (5 
grams) was dissolved in dilute potassium hydroxide and treated with 
a solution of bromine (3 ¢.c.) in dilute ice-cold potassium hydroxide, 
when a white precipitate soon separated, which, in appearance, closely 
resembled the substance obtained in the corresponding experiment 
with y-trimethylbrazilone (p. 401), 


HEMATOXYLIN, AND THEIR DERIVATIVES. PART X. 407 


After five hours, the precipitate was collected, washed with water and 
alcohol, and left in contact with porous porcelain. The dry residue 
was extracted with boiling chloroform, and the extract mixed with 
aleohol, when a pink substance separated, which consisted of micro- 
sopic prisms or needles. After recrystallisation in the same manner, 
the substance was almost colourless : 

0:1180 gave 0°2153 CO, and 0:0441 H,O. C=52:'1; H=4°2. 

00985 ,, 0°0412 AgBr. Br=17'8. 

0,,H,,0,Br requires C=52°2; H=3:9; Br=18°3 per cent. 

These analytical results indicate that the substance obtained in this 

matter is tetramethoxycoumaronoisocoumarin hydrobromide, 


It melts at 158° with decomposition, and, in some of its properties, 
differs in a rather striking manner from the corresponding trimethoxy- 
derivative (p. 401). Thus, for example, whilst the latter is very 
readily decomposed by boiling with chloroform or acetic acid with 


dimination of hydrogen bromide, the tetramethoxy-derivative appears 
to be stable towards these reagents, and is even not immediately 
decomposed by diethylaniline. When it is digested with potassium 
hydroxide, it is readily hydrolysed, with formation of an acid, free 
from bromine, which in alcoholic solution gives a violet coloration 
with ferric chloride, and in appearance and other properties resembles 
hydroxytrimethoxybenzoincarboxylic acid (p. 404). 

The solution of the acid in potassium hydroxide was left in the cold 
with excess of 30 per cent. hydrogen peroxide for two days, and, 
after heating on the water-bath for an hour, acidified and repeatedly 
extracted with ether. The solid residue which remained after 
distilling off the ether consisted of two acids, one readily, and the 
other sparingly, soluble in water. The more soluble acid was 
recognised as m-hemipinic acid, and the less soluble acid, which gave 
an intense violet coloration with ferric chloride, was probably 
dimethoxysalicylic acid. 


The authors wish to express their indebtedness to the Research 
Fund Committees of the Royal Society and Chemical Society for 
grants in aid of the heavy cost of this investigation. 
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XLVIII.—A Study of Some Asymmetric Compounds, 
By Freperic STanLtEy KIPPINnG. 


ALTHOUGH a great many externally compensated bases and 
acids of widely different types have been resolved into 
their components by fractionally crystallising their salts, and 
although in this way optically active compounds containing 
asymmetric carbon, nitrogen, sulphur, selenium, tin, and silicon 
atoms have been obtained, it is still impossible, even in deal- 
ing with very closely related or homologous compounds, to form 
any preconceived opinion as to whether a given optically 
active base will or will not effect the resolution of a given dl-acid, 
or a given optically active acid that of a given dl-base. Thus, 
although the dl-sulphonic acids derived respectively from the 
homologous compounds, benzylethylpropylsilicyl oxide (Kipping, 
Trans., 1907, 91, 209; 1908, 98, 457) and benzylethylisobutylsilicy! 
oxide (Luff and Kipping, Trans., 1908, 93, 2090), may both be 
resolved with the aid of methylhydrindamine, of the thre 
homologous d/-bases, namely, hydrindamine, methylhydrindamine, 
and pheno-a-aminocyc/oheptane, only the two latter are resolved by 
fractionally crystallising their d-hydrogen tartrates from water 
(Kipping and Hunter, Trans., 1902, 81, 574; Tattersall, Trans, 
1904, 85, 169), in spite of the fact that hydrindamine and pheno- 
a-aminocycloheptane, which contain only one asymmetric carbon 
atom respectively, are far more closely related to one another than 
to methylhydrindamine, the molecule of which contains two different 
asymmetric carbon atoms. Again, d/-hydrindamine may be resolved 
by crystallising its d-bromocamphorsulphonate from a hot mixture 
of ethyl acetate and alcohol (Kipping, Trans., 1903, 838, 873), but 
not by crystallising its d-chlorocamphorsulphonate under similar 
conditions (Trans., 1903, 83, 902). 

Now, if the possibility of the existence in solution of definite 
partially racemic salts, dAJB, dAdB, or dAdB, AGB, be excluded, 
it would seem that the resolution of any d/-compound by the method 


- under discussion is determined entirely by the difference in solu- 


bility of the two components, dA/B and dAdB, or dAdB and /AaB, 
as the case may be, under the conditions chosen. If, therefore, it 
is known that a particular di-acid, A, may be resolved by frac- 
tionally crystallising its salt with a particular optically active 
base, B, from a particular solvent, it might be inferred that the 
resolution of the di-base, B, by fractionally crystallising its salt 
with the optically active acid, A, from the same solvent, should 
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also be possible. Both salts contain the component dAdB, which 
is mixed in the first case with /AdB, in the second case with an 
equal quantity of dA/B ; but /AdB and dAIB are enantiomorphously 
related, and therefore are equally soluble in any optically inactive 
solvent; consequently, since dAdB and /AdB are known to be 
separable owing to their different solubilities, it would seem that 
JAdB and dAJIB should also be separable under the same conditions. 
Taking a definite example, dl-sulphobenzylethylpropylsilicyl oxide 
may be resolved with the aid of d-methylhydrindamine; conse- 
quently it might be concluded that d/-methylhydrindamine should 
be resolved by fractionally crystallising its salt with one of the 
active sulphobenzylethylpropylsilicyl oxides under the same con- 
ditions. 

As such a resolution of this dl-base would have afforded a par- 
ticularly striking demonstration of the asymmetric structure of the 
silicon compound just named, this case was first examined, and the 
salt prepared from dl-methylhydrindamine and one of the active 
silicon acids was submitted to fractional crystallisation under the 
same conditions as those employed in resolving the d/-silicon com- 
pound with the active base; the results, however, were negative, 
inasmuch as all fractions of the salt yielded optically inactive base. 
This was not due to the racemisation of the active silicon compound ; 
when the latter was recovered from the salt, it still retained its 
asymmetry, and gave totally different products when treated with 
d- and with /-methylhydrindamine respectively. 

It was thus proved that in this instance the mixture of dAdB 
and dAJB behaves very differently from the mixture of dAdB and 
AGB. 

Wishing to obtain, if possible, some other example of a similar 
kind, the case of tartaric acid and methylhydrindamine was 
examined. dl-Methylhydrindamine may be resolved by fractionally 
crystallising from water its d-hydrogen tartrate (Tattersall, Joc. cit.), 
the dAdB salt being less soluble than the dA/B component. Ex- 
periments showed that the resolution of di-tartaric acid could be 
accomplished, possibly even more easily than that of the base, with 
the aid of d-methylhydrindamine ; by fractionally crystallising from 
water, both the components /AdB and dAdB may be isolated in a 
state of purity, and a large proportion of the dl-acid may be 
resolved. 

As this result did not afford the desired confirmation of that 
obtained in the case of methylhydrindamine and the silicon com- 
pound, experiments were next made with mandelic acid and 
hydrindamine. It had been shown some years ago (Kipping and 
Hall, Trans., 1901, 79, 442) that dl-hydrindamine is not resolved 
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when its salt with d-mandelic acid is crystallised from alcohol; 
further, that a mixture of dl-hydrindamine dl-mandelate and 
dl-hydrindamine d-mandelate is not separated into different frag. 
tions when it is crystallised from alcohol; these results seemed to 
show that the components dAdB and dA/B had the same solubility, 
and, therefore, that the resolution of d/-mandelic acid could not 
be accomplished with the aid of one of the active hydrindamines, 

Nevertheless, on fractionally crystallising d-hydrindamine 
dl-mandelate from water, the acid is resolved without the slightest 
difficulty ; a marked difference between the several fractions both 
in appearance and in melting point is observed after one or two 
crystallisations, and the pure /AdB salt is obtained in the most 
sparingly soluble portions. This result was verified by repeating 
the experiment several times, and was confirmed by resolving the 
dl-acid with /-hydrindamine in a similar manner, when the pure 
dAIB salt was obtained as the more sparingly soluble component. 

Some time having elapsed since the attempts to resolve 
dl-hydrindamine with d-mandelic acid were made, and ethyl alcohol 
(or aquecus alcohol) having then been used as solvent, it was 
thought advisable to repeat the experiments under conditions as 
nearly as possible identical with those employed in the resolution 
of the dl-acid ; this was done, and the d/-hydrindamine d-mandelate 
was repeatedly and systematically crystallised from water, but it 
remained homogeneous; even when the saturated solution was 
seeded with the dA/B salt, not the slightest indication of a resolu- 
tion was observed. 

It is thus proved, by the two cases recorded above, that when a 
dAGB salt is mixed with an equivalent quantity of the correspond- 
ing 7AdB salt in one case, and of the enantiomorphously related 
dAIB salt in the other, the mixtures may behave altogether 
differently towards a given solvent. 

From this fact it must be concluded that the presence in the 
solution of the dAdB salt influences the solubility of the /AdB 
and dA/B components to a different extent. 

Although up to the present there is no experimental evidence on 
record that the solubilities of two enantiomorphously related com- 
pounds are different when they are in presence of some other 
optically active substance, and attempts to obtain such evidence 
have failed (Kipping and Pope, this vol., p. 103), the results 
recorded in this paper may be interpreted in conformity with such 
a view; a saturated solution of dAdB+/AdB deposits JAaB, 
whereas a saturated solution of dAdB + dA/B deposits the partially 
racemic salt, even when it is seeded with dA/B. 

The cause of this different effect of the dAdB salt on the enantio- 
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morphously related 7AdB and dA/B compounds may be independent 
of any definite combination between the molecules in the solution, 
or it may be due to the existence of dissolved complexes of a fixed 
character; that is to say, the solubility of dA/B in presence of 
dAdB may be greater than that of JAdB for the same reason— 
whatever that may be—that dA/B is more soluble in alcohol than 
in petroleum ; on the other hand, the dAdB and dA/B components 
may unite to form in solution definite molecules of the partially 
racemic salt, possibly because the configurations of the 7B and 
dB molecules better lend themselves to close-packing than the 
molecules of dA and 7A. 

The question as to the existence in solution of partially racemic 
salts has not, to the author’s knowledge, been raised, although 
several workers have tried to find out whether or not racemic 
compounds exist in a dissolved state. The evidence more recently 
brought forward (Byk, Zeitsch. physikal. Chem., 1904, 49, 641; 
Ranken and Taylor, Proc. Roy. Soc. Edin., 1907, 27, 172; Stewart, 
Trans., 1907, 91, 1537; Dunstan and Thole, Trans., 1908, 93, 1815) 
certainly seems to point to the existence of dissolved racemic mole- 
cules; the results of this investigation indicate perhaps even more 
strongly the presence in solution of partially racemic molecules. 


EXPERIMENTAL. 
Sulphobenzylethylpropylsilicyl Oxide and Methylhydrindamine. 


dl-Sulphobenzylethylpropylsilicyl oxide is easily resolved by frac- 
tionally crystallising its salt with d-(or with /-)methylhydrindamine 
from aqueous methyl alcohol (Joc. cit.) ; the dAdB salt is ultimately 
obtained in a pure state in the most sparingly soluble fractions, 
and melts at 205—207°; the impure /AdB salt, obtained from the 
mother liquors, melts at about 135°, the pure compound prepared 
from the /-acid melting at 150—152°. 

A sample of the sodium salt of d-sulphobenzylethylpropylsilicyl 
oxide was treated with d/-methylhydrindamine hydrochloride in 
aqueous solution; the precipitate remained oily for many hours, 
even when seeded with crystals of the dAdB salt, but ultimately 
solidified, and, after having been washed, was fractionally crystallised 
from aqueous methyl alcohol at the ordinary temperature; after 
several operations, the most sparingly soluble deposit crystallised 
rather more readily than the more soluble ones, and it seemed as 
ifa resolution had occurred. After perhaps seven or eight crystal- 
lisations, the most sparingly soluble fraction, which then formed 
only a small proportion of the original preparation, was examined ; 
it melted indefinitely at about 165°, and its melting point was not 
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raised appreciably after two further crystallisations from anhydrous 
acetone. The salt in the more soluble fractions, which often 
remained oily during several days, was ultimately obtained as 4 
lustrous, crystalline powder, free from oil, and melted fairly sharply 
at 150—152°. 

The extreme fractions of the salt were then separately treated 
with a slight excess of sodium carbonate, and the methylhydrind. 
amine was distilled in a current of steam; the distillates were 
neutralised with d-bromocamphorsulphonic acid, and the salts thus 
formed were fractionally crystallised from water. All the fractions 
of both preparations consisted of homogeneous deposits of dl-methyl- 
hydrindamine d-bromocamphorsulphonate, and not a trace of the 
salt of the active base could be detected. As fractional crystal. 
lisation of a mixture of wnequal quantities of d- and /-methyl- 
hydrindamine d-bromocamphorsulphonates easily affords the pure 
salt of that active base which is present in the larger proportion 
(Tattersall and Kipping, Trans., 1903, 83, 929), these results proved 
that the di-base had not been resolved. 

The sodium salt of the acid, which remained after distilling the 
base in steam, was examined; it gave with /-methylhydrindamine 
hydrochloride an oily precipitate which solidified only very slowly 
to a gelatinous mass, but with the d-base it gave a precipitate 
which crystallised immediately, and, after recrystallisation once 
from aqueous methyl alcohol, melted at 200—204°. Hence the 
acid consisted mainly, if not entirely, of the optically pure 
d-compound ; that it contained a relatively very small quantity of 
the l-acid, however, seems to be probable; otherwise the observed 
difference in melting points of the various fractions of the d/-methyl- 
hydrindamine salt can hardly be accounted for.* 

The fractional crystallisation of the salt obtained by combining 
dl-methylhydrindamine with a sample of the J/-silicon derivative 
confirmed the above observations in every particular. 


Tartarie Acid and Methylhydrindamine. 


The resolution of d/-methylhydrindamine may be accomplished 
by fractionally crystallising from water its d-hydrogen tartrate 
(Tattersall, Joc. cit.) ; from the most sparingly soluble fractions, the 
pure salt of the d-base is obtained, but it is not definitely stated 
whether or not the salt of the /-base can be isolated from the mother 
liquors. 


* The possibility of the occurrence of partial racemisation during the preparation 
of the active silicon compounds from their methylhydrindamine salts (compare 
Trans. 1907 98, 465) has not yet been further investigated. 
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A sample of Kahlbaum’s racemic acid (1 mol.)* was treated 
with d-methylhydrindamine (1 mol.), and the salt was fractionally 
crystallised from water. The first deposit, or that obtained from 
it after one recrystallisation, consisted almost entirely of the 
hydrated dAdB salt, which, when dried at 100°, melted at 
151—153°, and had the same specific rotation in aqueous solution 
as the compound obtained in resolving the di/-base with the 
d-acid : 

1318 grams of anhydrous salt, made up to 25 c.c. in a 2-dem. 

tube, gave a+ 3°48°; whence [a]p +32°4°. 


After further fractionation, the intermediate portions melted 
indefinitely at temperatures ranging from 168° to 178°, but the 
most soluble ones had a much higher melting point; the latter, on 
recrystallisation, gave deposits of the pure anhydrous /AdB salt, 
identical with the compound (m. p. 197°) prepared by Tattersall by 
treating the /-base with d-tartaric acid; its specific rotation was 
determined in aqueous solution + 


1403 grams of dry salt, made up to 25 c.c. in a 2-dem. tube, 
gave a—0°73°; whence [a] — 6°5°. 


The pure dAdB and /AGdB salts thus obtained were separately 
converted into the sodium salts, which were strongly dextro- and 
levo-rotatory respectively. 

The resolution of the dl-acid under the above conditions was 
so complete that about 4 grams of pure dAdB and about 2 grams 
of pure /AdB salt were obtained without any difficulty from 10 
grams of the original mixture. 


Mandelic Acid and Hydrindamine. 


dl-Hydrindamine is not resolved when its salt with d-mandelic 
acid is fractionally crystallised from alcohol, extreme fractions 
obtained after many operations having the same melting point 
(138—140°) and the same specific rotation (Joc. cit.). 

A sample of pure d-mandelic acid was treated with di-hydrind- 
amine, suspended and dissolved in water, and the solution 
evaporated, fresh base being added from time to time until a 
concentrated neutral solution of the salt was obtained; on cooling, 
the compound separated in prisms, but when cold solutions 
evaporated spontaneously, hard, compact nodules were deposited. 
Repeated attempts were made to resolve this salt; it was frac- 


* This acid possibly contained a slight excess of d-tartaric acid, but far too small 
4 quantity to be detected volarimetrically (Kipping and Pope, Joc. cit.). 
& 
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tionally crystallised from water at different temperatures, but ql] 
the deposits were similar in character, and had the same melting 
point (138—140°). In some experiments, the warm concentrated 
solution was seeded with a specimen of the dA/B component (se 
below), and, after a small proportion of the salt had crystallised, 
this was separated and redissolved, but the deposit still consisted 
of the partially racemic substance. It may be concluded, therefore, 
that the di-base cannot be resolved with d-mandelic acid under 
such conditions. 

A sample of d/-mandelic acid was treated with d-hydrindamine 
(Trans., 1903, 83, 876) as described in the case of the d-acid and 
the di-base. On cooling the concentrated aqueous solution, lustrous, 
transparent needles were first deposited, and then small, opaque, 
white masses begari to form; after filtering rapidly and recrystal- 
lising this first fraction from water, a salt melting at 160—162° 
was obtained. The mother liquors from this compound gave 
opaque deposits, which were systematically crystallised from water, 
a little d-base being added from time to time as the solutions 
became acid during evaporation ; the several fractions thus obtained 
were totally different in appearance from the compact nodules of 
the homogeneous salt prepared from the d-acid and the dl-base, 
and consisted of very bulky masses, which almost completely hid 
the solution ; very often the solutions first set to a translucent mass 
of extremely fine filaments, in which a white, opaque growth, 
resembling cotton wool in appearance, began to form and gradually 
extended. These observations seemed to point to the presence of 
two definite compounds in the deposits, but it was not found possible 
to isolate even one; some of these fractions melted from about 
125° to 130°, others from 130° to 135°. 


d-Hydrindamine |-Mandelate and |-Hydrindamine d-Mandelate. 


The sparingly soluble salt melting at 160—162°, obtained by 
resolving the di/-acid with the d-base, is the /AdB compound; the 
enantiomorphously related dA/B salt was prepared in a similar 
manner by resolving the dl-acid with the J-base. These compounds 
separate from water in lustrous prisms, and, when pure, melt at 
about 164° if quickly heated; a mixture of the two salts melted 
at 138—140°. 

Their specific rotations were determined in ethyl-alcoholic (998 
per cent.) solution : 


lAGB salt: 0-932 gram, made up to 25 c.c. in a 2-dem. tube, gave | 
a—4:11°; whence [a] -— 55°. 


dS. 


but all 
uelting 
trated 
at (see 
allised, 
nsisted 
refore, 
under 


lamine 
id and 
strous, 
paque, 
rystal- 
—162° 

gave 
water, 
utions 
tained 
‘les of 
-base, 
y hid 

mass 
owth, 
lually 
ce of 
ssible 
about 


KIPPING: A STUDY OF SOME ASYMMETRIC COMPOUNDS. 415 . 


dAlB salt: 0°844 gram, made up to 25 c.c. in a 2-dem. tube, gave 
a +3°85°; whence [a], +57°.* 

The solutions used in these determinations were separately treated 
with sodium carbonate in excess, and the hydrindamine was distilled 
in a current of steam; the solutions of the sodium salts were then 
concentrated, made up to 25 c.c. with water, and examined polari- 
metrically in a 2-dem. tube. 

The solution from the /AdB salt gave a—4°25°, and that from 
the dAJB salt gave a+4°02°; calculating the specific rotation of 
the mandelic acid contained in the solutions, the values are 
[a], - 107° and + 112° respectively. 

After evaporating again, the solutions of the sodium salts were 
separately treated with excess of dilute hydrochloric acid, and the 
precipitates of mandelic acid were recrystallised from a very little 
water and dried; they both melted at 130—132°, simultaneously 
with a specimen of d-mandelic acid. 

These observations prove conclusively that d/-mandelic acid may 
be easily resolved with the aid of one of the active hydrindamines, 
in spite of the fact that dl-hydrindamine cannot be resolved with 
d-mandelic acid under the same conditions. 


d-Hydrindamine d-Mandelate. 


This salt, prepared from the d-acid and the d-base, crystallises 
from water in lustrous plates or flat prisms; it generally begins to 
sinter at about 144°, and melts at 147—148°, but sometimes it 
does not liquefy completely until the temperature rises to 157—158°. 
This behaviour is due to dimorphism; when the tube containing 
the salt is plunged into a bath already heated at 148°, complete 
fusion occurs, whereas if the liquefied sample is then allowed to 
solidify and again heated, but slowly, it does not melt until 
157—158°. 

The specific rotation of this salt in ethyl-alcoholic (99°8 per cent.) 
solution is practically the same as that of the dAJB compound, as 
shown by the following determinations (carried out by Mr. Barrow- 
cliff) : 

0997 gram, made up to 100 c.c. in a 2-dem. tube, gave a+ 107°; 

whence [a], + 53°8°. 

0-990 gram, made up to 100 cc. in a 2-dem. tube, gave a+ 106°; 

whence [a], + 53°6°. 

* Asample of the dAJB salt was prepared some years ago in this laboratory (by 


Mr. Barroweliff) from the d-acid and the 7-base, and its specific rotation was deter- 
mined in ethyl-a!coholic solution with the following result : 


0'995 gram, made up to 100 c.c, in a 2-dem. tube, gave a+1°07° ; whence [a]p + 53°6" 
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The Specific Rotation of Mandelic Acid and its Salts, 


The value given in the literature for the specific rotation of 
d-mandelic acid in aqueous solution varies from [a], + 150° to 16” 
(compare Kipping and Hall, Joc. cit.) ; the d-acid used in the above 
experiments gave the following result: 

0°51 gram, made up to 25 c.c. in a 2-dem. tube, gave a+ 636°; 

whence [a], + 156°. 

As the specific rotations of the /- and d-acids, calculated from 
the results obtained with solutions of their sodium salts, were only 
[a]» —107° and +112° respectively, and as these sodium salts were 
doubtless optically pure, it was obvious that the molecular rotation 
of the sodium salt must be very much smaller than that of the 
free optically active acid. 

This conclusion was confirmed; the solution of d-mandelic acid 
which gave a+ 6°36°, [a], + 156°, was treated with about 0°6 gram of 
hydrated sodium carbonate, concentrated a little, and again made 
up to 25 c.c. and examined in a 2-dem. tube; the result was 
a+4°82°; whence the specific rotation calculated for the free acid is 
[a]p+118°. The difference between this value and those (-107° 
and +112°) given above is probably due to a difference in the 
quantities of sodium carbonate present in the solutions. 


The author gratefully acknowledges financial assistance from 
the Government Grant Committee of the Royal Society. 


UNIVERSITY COLLEGE. 
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XLIX.—The Action of Ethylene Dibromade on 
Monomethylaniline. 


By Jonn Gunntna Moore Duntop and Humpurey OwEN JONES. 


TuE action of ethylene dibromide on monomethylaniline was investi- 
gated by one of us in 1906, in order to prepare diphenyldimethyl- 
ethylenediamine, NMePh-CH,*CH,;NMePh, with the view of 
examining compounds containing two asymmetric nitrogen atoms. 

A mixture of the two in the proportion of one gram-molecule of 
ethylene dibromide to two gram-molecules of monomethylaniline was 
heated on a water-bath under a reflux condenser for several days. 
The viscous mass thus obtained was treated with potassium 


ETHYLENE DIBROMIDE ON MONOMETHYLANILINE, 417 


hydroxide, and the oil which separated was dried and distilled under 
diminished pressure. 

An oil which distilled at about 100°/12 mm. appeared to be mono- 
methylaniline, then at 230—235° a solid distilled, which, when 
crystallised from alcohol, ether or light petroleum, separated in_ 
lustrous plates melting at 163°: 

0:1800 gave 0°5295 CO, and 0°1285 H,O. C=802; H=7°93. 

0:1533 , 163 cc. N, at 18° and 736 mm. N=12°0. 

C,,Hy)N, requires C= 80-0; H=8°33 ; N=11°7 per cent. 

Molecular-weight determinations by the cryoscopic method in 
benz2ne gave results in sufficiently close agreement with the 
expected value, 240. 

The compound did not appear to be well suited to the purpose in 
hand, and in February, 1907, a paper by Frohlich appeared (Ber., 
1907, 40, 763), in which a compound prepared by the action of four 
gram-molecules of mouomethylaniline on one of ethylene dibromide 
at 60—70°, was described as ‘ NN’-dimethylithyleniianilin.” This 
base crystallised in prisms melting at 47°, and on analysis gave : 

C=79'77; H=858; C=79°80; H=8-49 ; N=11°56, 11°76, 
results also satisfactory for the supposed compound. 

Previous to this (Ber., 1898, 31, 3256), Bischoff stated that he had 
| obtained a compound by the action of ethylens dibromide on mono- 
methylaniline (proportions not given) which crystallised in plates 
melting at 165°. Ia Fréhlich’s psper this discrepancy is dismissed in 
a footno‘e to the effect that it was an error.* : 

The subject seemed worthy of further iavestigation, but the 
pressure of other work prevented this until recently. 

On examining the reaction between ethylene dibromide and mono- 
uethylaniline in different proportions at differen: temperatures, it 
was found that up to 100° the result was independent of the 
temperature, and depended only on the relative proportions of the 
two substances present. 

When two gram-molecules of monomethylaniline and one of 
ethylene dibromide were used, the compound melting at 163° was 
always obtained, ‘but the yield was in every case poor (50 
grams of monomethylaniline gave only about 5 grams of the pure 
compound). 

When five gram-molecules of base to one of ethylene dibromide 
were taken, the prisms described by Frohlich as melting at 47° were 
produced, and the yield was fairly good (35 grams of base yielded 
about 10 grams of the pure compound). 

* (Loe. cit.) “ Verz. diese Berichte 31, 3256 (1898). Die Angabe eines Schmp. 
165° muss auf einem Irrtum beruhen.” 
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The method of preparation used in both cases was the same as that 
described above, but in the later work the vacuum distillation was 
omitted. The bases liberated by alkali were distilled until a tempera. 
ture of about 200° was reached, and the residue was extracted with 
alcohol or light petroleum The compounds separated from these 
solutions on keeping. At least four days’ heating under a reflux 
condenser on a water-bath is advisable if a good yield is desired, 

Molecular-weight determinations in benzene solution by the 
cryoscopic method gave the following results: 

Compound, m. p. 47°: 

0°2012, in 20°96 benzene, gave A¢= -—0'214. M.W.=236. 

Compound, m. p. 163°: 

0°3535, in 17°69 benzene, gave At= -0°440. M.W. = 237. 

NMePh:CH,°CH,*NMePh requires M.W. = 240. 


Nothing therefore which had hitherto been done could give any 
clue to the nature of the difference between the compounds. 

Properties of the substance melting at 47°.—Crystalline needles, 
fairly soluble in alcohol, ether, light petroleum, or benzene. The base 
is very soluble in hydrochloric acid, from which needles of a hydro 
chloride could be crystallised with some difficulty. Gravimetric 
synthesis and analysis of this gave results corresponding with a 
dihydrochloride : 

05011 gave 0°6626 hydrochloride. Ratio, hydrochloride/substance= 

1°32: 1. 

0°4183! gave 0°3665 AgCOl. Cl=21°7. 

The monohydrochloride requires above ratio = 1:15:1. Cl = 12°8 per cent. 
The dihydrochloride requires above ratio= 1:30: 1. Cl=22°6 per coat. 

(It was found to be difficult to purify this compound, owing to its 
great solubility.) 

The solution of the base in hydrochloric acid gives, with platinic 
chloride, a precipitate of very small, orange needles, which decompose 
on heating. 

The base combines with methyl iodide in the cold to give a crystal- 
line compound fairly soluble in alcohol, from which it separates in 
prisms melting at 163°: 

0°1712 required 9:05 c.c. V/20-AgNO,. I =33°6. 

NMePh:CH,°CH,*NMePh, Mel requires I = 33-2 per cent. 

On heating the base with methyl iodide in a sealed tube at 100”, the 
resulting compound was practically insoluble in alcohul, and separated 
from hot water in prisms melting at 219°: 

0°1537 required 11°65 c.c. V/20-AgNO,. I= 48:3. 

NMePh-CH,°CH,*N MePh,2Mel requires I = 48°46 per cent. 
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The compound melting at 47° was heated in a current of dry 
hydrogen chloride to 205—210°, when methyl chloride was evolved 
and a solid residue obtained, which, when extracted with water and 
treated with sodium hydroxide, yielded a crystalline precipitate soluble 
in alcohol and ether ; after recrystallisation this melted at 65°, and 
corresponded in every respect with diphenylethylenediamine, 

NHPh-CH,°CH,’NHPhb, 
prepared by Hofmann (Proc. Roy. Soc., 1859, 9, 388; compare also 
Morley, Ber., 1879, 12, 1794, and Bischoff, Ber., 1889, 22, 1783). 
It therefore appears that the compound melting at 47°, resulting from 
the action of methylaniline (4 mols.) on ethylene dibromide (2 mols.), 
is diphenyldimethylethylenediamine, NMePh:CH,°CH,*NMePh. 

This was confirmed by preparing the compound melting at 47° from 
diphenylethylenediamine by the action of methyl! iodide at 100°. 

It still remains to determine the constitution and mode of formation 
of the compound melting at 163°. 

Properties of the compound melting at 163°.--The compound is 
sparingly soluble in all solvents, being very much less soluble than 
the compound melting at 47°. It is sparingly soluble in hydrochloric 
acid on boiling, and from the solution short, lustrous prisms of the 
hydrochloride readily separate on cooling : 

05052 gave 06641 hydrochloride. Ratio, hydrochloride/substance = 
131: 1. 
03478 gave 0°5242 AgCl. Cl=23-0. 

A platinichloride was obtained as a fine brown, crystalline 
precipitate. 

With methyl iodide the same product was obtained either at the 
ordinary temperature (analysis I) or at 100° (analysis II) ; this was fairly 
soluble in alcohol, from which it separated in plates melting at 183°: 

I. 0:2744 gave 0°1680 AgI. I=33°1. 

If. 01821 ,, O1113 Agl I=33'1. 

It appeared on consideration that the properties of this substance 
closely resembled those of diphenylpiperazine, 

CH,°CH, 
PHN”. NPE 
prepared by Hofmann ((oc. cit.) by the action of excess of ethylene 
dibromide on aniline. We therefore prepared diphenylpiperazine in 
this way, and found it to be identical in all respects with the com- 
pound melting at 163°, and obtained from monomethylaniline. The 
melting points of the two compounds and that of a mixture of the two 
in any proportions were identical. The analytical results previously 
obtained (pp. 417, 418) : 
C=80'2; H=7:93; N=12:0; M.W. =237 
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are in close agreement with those required by C,,H,,N., namely, 
C=80.7; H=763; N=11°8 per cent. M.W.=238. 

The dihydrochloride requires Cl =22°8 per cent. (Found, Cl = 23:0), 
and the methyl iodide compound requires 1=33-4 per cent. (Found, 
I=33:1). Another analysis gave the following result : 

0°2510 gave 0°7390 CO, and 0°:1710 H,O. C=80°3; H=7°57, 

Since the compositions of diphenylpiperazine and diphenyldimethy!- 
ethylenediamine differ only by two atoms of hydrogen, in such 
large molecules analytical results do not distinguish between them 
effectively. 

The formation of diphenylpiperazine from monomethylaniline and 
ethylene dibromide would involve the elimination of the methyl groups 
from the former probably as methyl bromide. If methyl bromide 
could actually be detected among the products of the reaction, the 
mechanism of the process would be clear. However, there is present 
in the mixture a secondary base, methylaniline, which would probably 
react immediately with methyl bremide, giving a tertiary base. If, 
therefore, we could detect dimethylaniline in the oil distilling between 
180° and 210°/760 mm., it would be very probable that methy] bromide 
had been removed from one molecule of methylaniline and had reacted 
with another molecule of the same base. 

It was actually found that the oil boiling at about 190° consisted 
almost entirely of dimethylaniline, as proved by the preparation from 
it of nitrosodimethylaniline, by its reaction with methyl iodide, and 
by the absence of any action with acetyl chloride. 

It was then shown that the methyl bromide was removed by direct 
interaction of ethylene dibromide and diphenyldimethylethylene- 
diamine (m. p. 47°), since diphenylpiperazine was obtained when these 
were heated together at 100° for some days. 

The above facts show that the reaction between two molecules 
of monomethylaniline and one of ethylene dibromide is to be 
represented by the equation : 


4C,H,-NH-CH, + 20,H,Br, = PhN<CHs'CHs 


9 , 
CH:-CH>NPb,2HBr + 
Diphenylpiperazine hydrobromide. 

2C,H,*N(CH,), HBr 
Dimethylaniline hydrobromid:. 


and is to be added to the number of abnormal reactions which have 
been observed to take place between alkylhalides and secondary and 
tertiary bases. This reaction, however, differs from other abnormal 
reactions in that a methyl group is actually displaced, whereas in other 
cases it is the methyl group which has been found to displace other 
alkyl groups. 
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Summary. 


It has been shown that by the interaction of four gram-molecules 
of monomethylaniline and one of ethylene dibromide, diphenyl- 
dimethylethylenediamine, N MePh:CH,,CH,°N MePh, and monomethy]- 
aniline hydrobromide are formed, whereas. by the interaction of two 
gram-molecules of monomethylaniline with one of ethylene dibromide, 
diphenylpiperazine and dimethylaniline hydrobromide are formed. 

The hydrochlorides of both bases and the quaternary compounds 
formed by both bases with methy1 iodide are described. 


The expenses of this investigation have been defrayed by a grant. 
from the Government Grant Committee of the Royal Society, for which 
we are glad to make this grateful acknowledgment. 


UNIveRSITY CHEMICAL LABORATORY, 
CAMBRIDGE. 


L.—The Condensation of Dimethyldihydroresorein 
with Ethylamine. 


By Paut Haas. 


Durine the course of another investigation, which is not yet com- 
pleted, several unsuccessful attempts were made to prepare the ethyl 
derivative (I) of 5-imino-3-hydroxy-1 : 1-dimethyl-A*-cyclohexene (II) 
by acting on the latter with ethyl iodide. 
CH,°C(:N Et ' CH,°C(:NH 
CMe OH On CH CMe,<oH? hone Or 
(I.) (II.) 

It was found, however, that the compound (I) could be readily 
obtained by the condensation of dimethyldibydroresorcin with ethyl- 
amine. The somewhat striking colour change which is produced when 
the compound (I) is acted on by nitrous acid has led to the description 
of this substance and its reactions in a separate communication. 
When suspended in water and treated with nitrous acid, it is con- 
verted into a bright carmine-coloured isonitroso-derivative (111), 
which crystallises with two molecules of water. 


OMe OH ag CN-OH. 
2 
(IIT.) 
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The anhydrous substance obtained by drying the above carming 
erystals in a vacuum is dark blue. 

On treatment with potassium hydroxide, this substance loses ethyl. 
amine, and is converted into the potassium salt of isonitrosodimethyldi. 
hydroresorcin (Trans., 1907, 91, 1438). Similarly, when reduced with 
tin and hydrochloric acid, it loses ethylamine, and is converted into 
aminodimethyldihydroresorcin (/oc. cit., 1443). 

With the object of ascertaining what effect the introduction of q 
second ethylamine complex would have on the colour of the isonitroso. 
derivative, the diethylimino-derivative (IV) was prepared by condensing 
ethylamine with chlorodimethyleyclohexenone. 

CMe? oC NEKO 
(IV.) 

When treated with nitrous acid, however, the substance loses one of 
its ethylimino-groups, and yields the same isonitroso-derivative (LII) 
as was obtained from the monoethylimino-derivative (I). 


EXPERIMENTAL, 


Action of Ethylamine on Dimethyldihydroresorcin. 


Twenty grams of dimethyldihydroresorcin dissolved in 25 grams of 


alcohol and 24 grams of a 33 per cent. alcoholic solution of ethylamine 
were heated in a flask connected with a reflux condenser for five 
hours over a water-bath. The alcohol and excess of ethylamine were 
then distilled off, and the residue, after drying in a vacuum, was 
recrystallised from acetone; yield about 19 grams, The air-dried 
substance gave on analysis the following numbers : 

01188 gave 8°6 c.c. N, (moist) at 8°'and 778 mm. N=8°94, 

C,,H,,ON requires N = 8°38 per cent. 
3-Hydroxy-5-ethylimino-1 : 1-dimethyl-A*-cyclohexene, 
CH,°C(-NEt 
OMe < OH Gone CH, 

is readily soluble in alcohol or chloroform, fairly so in acetone, benzene 
or hot water, sparingly soluble in ether, and insoluble in light petroleum. 
It crystallises from a mixture of acetone and light petroleum in 
transparent, oblong plates, and melts at 118—120° In alcoholic 
solution the substance gives a brownish-red colour with ferric chloride. 

The hydrochloride, C,,H,,ON,HCI, obtained by evaporating the base 
with dilute hydrochloric acid, crystallises from a mixture of alcohol 
and ether in colourless, glistening prisms; it softens at 166°, and 
melts at 168—170° : 

0°3378 requires 16°3 c.c, V/10-KOH=0°0596 HCl. HCl=17°63. 

C,,H,,ON, HCI requires HCl = 17-93 per cent. 
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The platinichloride, (C,,H,,ON),,H,PtCl,, was prepared by mixing 
alcoholic solutions of the base and platinic chloride. On adding ether, 
the salt was precipitated in yellow, four-sided plates; it melts at 
185—186° : 

0:3016 gave 0°0783 Pt. Pt= 26°12. 

C.)H,,0,N,Cl,Pt requires Pt = 26°21 per cent. 


Action of Nitrous Acid on Hydroxyethyliminodimethylcyclohexene. 


Two grams of the finely-powdered ethylimino-compound were sus- 
pended in a well-cooled solution of 1°5 grams of potassium nitrite in 
15 cc. of water. On the addition of a drop of dilute hydrochloric 
acid, a very bright carmine colour was produced ; the addition of acid 
was continued until the solution gave a reaction with starch- 
potassium iodide paper; the white suspended solid had now been 
replaced by a carmine-coloured, crystalline precipitate, which, after 
filtering and washing with a little water and drying, weighed 2°3 
grams. The substance was recrystallised from water, and the air- 
dried crystals gave the following numbers on analysis : 

0:1376 gave 0°2588 CO, and 01112 H,O. C=51:25; H=8-97. 
01538 ,, 16:1 ec. N, (moist) at 11° and 762mm. N=12°52. 
C,9H,,0,.N.,2H,O requires C=51°72; H=8-62 ; N=12-07 per cent. 

When dried in a vacuum, the crystals become anhydrous, and turn 
blue; analysis of the blue solid gave the following numbers : 

01332 gave 0°2972 CO, and 0:0982 H,O. C=60°85; H=8°19. 

C,,H,,0,N, requires C= 61:22 ; H=8'16 per cent. 
4-Oximino-5-ethylimino-1 : 1-dimethyleyclohexan-3-one, 
OMe” OCNEOSC:N-OH, 
crystallises from water with two molecules of the solvent in long, 
carmine-coloured, prismatic plates, which melt with decomposition at 
152—153°; when dried in a vacuum, the crystals lose two molecules 
of water, which they again absorb on exposure to the air: 
0°1304, on exposure to the air, gained 0°0234. H,O0=15-21. 
C,)H,,0,N,,2H,O requires H,O = 15°52 per cent. 

The hydrated substance is fairly soluble in cold, and readily so in 
hot, water ; it dissolves readily in cold alcohol, acetone, chloroform, or 
ethyl acetate, yielding a blue solution, and dissolves in benzene to a 
red solution. An aqueous solution of the substance is neutral to 
litmus, and gives a deep azure-blue colour with ferrous sulphate. 

Action of Potassium Hydroxide.—When treated with a warm 20 
per cent. solution of potassium hydroxide, the carmine crystals 
dissolve to a brown solution, which gradually becomes blue and 
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evolves ethylamine; the solution contains the potassium salt of 
isonitrosodimethyldihydroresorcin (Trans., 1907, 91, 1438). 

Reduction with Tin and Hydrochloric Acid.—Five grams of the 
carmine crystals were finely powdered and dissolved in 12 grams of 
concentrated hydrochloric acid; 12 grams of granulated tin were 
then introduced in portions, and a further quantity of 6 grams of 
acid were added. After twelve hours the mixture was largely diluted 
with boiling water and saturated with hydrogen sulphide. On 
filtering off the stannous sulphide, the solution was evaporated to a 
small bulk, cooled with ice, and treated with potassium nitrite until 
it reacte1 with starch-potassium iodide paper. On extracting the 
solution with ether, a small quantity of a crystalline solid was 
obtained, which proved to be identical with the substance, “ A,” 
originally obtained by the reduction of dsonitrosodimethyldihydro- 
resorcin (Joc. cit., p. 1441). 


Action of Ethylamine on Chlorodimethyleyclohexenone. 


Ten grams of chlorodimethylcyc/ohexenone were heated with 28 
grams of a 33 per cent. alcoholic solution of ethylamine for three 
hours at 100°. The resulting brown liquid was then evaporated over a 
water-bath, when a brown syrup was obtained, which, after remaining 
for some time in a vacuum desiccator, gradually solidified. On ex- 
posure to the air, this substance at once became liquid ; it was very 
soluble in water or alcohol, but insoluble in most other organic 
solvents. As it could not be obtained in a condition pure enough for 
analysis, it was converted into its platinichloride ; this substance, 
which was precipitated from an alcoholic solution in yellow, hexagonal 
plates, melts and decomposes at 208° : 

0°3064 gave 0:0750 Pt. Pt= 24°47. 

(C,,H.N.,)o,H,PtCl, requires Pt = 24°43 per cent. 

Action of Nitrous Acid.—One gram of the above condensation pro- 
duct dissolved in an aqueous solution of potassium nitrite, on treat- 
ment with dilute hydrochloric acid, yielded 0°4 gram of carmine 
crystals, which proved to be the isonitroso-derivative of the mono- 
ethylimino-compound described on page 423. 


In conclusion, the author wishes to express his thanks to the 
Research Fund Committee of the Chemical Society for a grant 
which has, in part, defrayed the cost of this investigation. 


CHEMICAL LABORATORY, 
Sr. THomAs’s Hosprrat, 
Lonpon, S.E, 
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LlL.—An Interpretation of the Hantzsch- Werner 
Hypothesis. 


By Martin Onstow Forster and Frepertck Percy Dunn. 


Tue examination of a difference in behaviour displayed by the two 
isonitrosocamphors towards diazomethane (Forster and Holmes, 
Trans., 1908, 93, 242) has led us to extend the inquiry to several 
typical oximes in the hope of throwing fresh light on the con- 
stitution of these remarkable substances. Experiments have been 
conducted with five pairs of aldoximes, namely, benzaldoxime itself, 
the three nitrobenzaldoximes, and p-triazobenzaldoxime, with the 
uniform result that the antialdoximes alone have been found to 
yield their respective O-methyl ethers. Of the synaldoximes 
examined, all escape attack excepting the m-nitrobenzsynaldoxime, 
which has the extraordinary property of undergoing transformation 
into the O-methyl ether of the antialdoxime, the quantity of this 
ether generated in the action being about five times that produced 
from the antialdoxime itself. In the following summary of the 
results obtained under conditions to be described, the percentages 
must be regarded as approximations only. 


Anti, Syn. 
Benzaldoxime Over 50 per cent. of ether.. Unchanged. 
o-Nitrobenzaldoxime 6 per cent. of ether 


39 
m-Nitrobenzaldoxime 6 venierbains 30 per cent. of 
anti-ether. 


p- Nitrobenzaldoxime Unchanged. 
p-Triazobenzaldoxime Ja 


Camphoroxime and benzophenoneoxime escape attack, whilst the 
benzilmonoximes are transformed into oily products, as to which 
we do not feel justified in making a positive statement, although 
there is evidence that the a-oxime yields a V-methyl ether not 
produced from the isomeride. The oximes previously examined are 
the isonitrosocamphors, of which the unstable modification is trans- 
formed into the stable one, this in turn yielding the V-methyl ether 
(loc. cit.), and quinoneoxime (von Pechmann and Seel, Ber., 1898, 
31, 296), which gives rise to the O-methyl ether in association with 
glyoxime WV-bishydroxyphenyl ether. 

Surveying this experimental material, we cannot claim that it 
renders the oxime problem any the less perplexing. The principal 
outcome of the investigation is to emphasise the untrustworthy 
character of diazomethane as an exploring agent for the hydroxyl 
group. This has been brought recently into prominence by 
Schlotterbeck (Ber., 1907, 40, 479), who transformed aldehydes 
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into ketones by diazomethane (compare also H. Meyer, 7bid., 847), 
and was already suggested by the production of pyrazoline from 
ethylene, and of pyrazolinedicarboxylic ester from fumaric ester, 
under the influence of the agent in question. Until this point was 
appreciated, we were disposed to regard the immunity of the 
synaldoximes in a light unfavourable to the presence of a hydroxyl 
group, and consequently as inimical to the stereochemical hypothesis, 
and even now the alternative supposition is not easy to accept, 
since the operation of steric hindrance or steric furtherance might 
be expected to select the latter of the configurations: 


Benzantialdoxime. Benzsynaldoxime. 


for attack by an adding agent. 

The reasons underlying the wide acceptance of the Hantzsch- 
Werner hypothesis are to be found, primarily, in the remarkable 
facility with which the two forms are interconvertible, and with 
respect to this we have found that the nitrobenzsynaldoximes are 
transformed into the respective anfti-modifications by solvents even 
more smoothly than has been realised hitherto, so that the recorded 
melting points are in each case too low, doubtless because the 
crystals were not removed from the mother liquor without delay. 


Syn. Recorded m. p. M. p. (F. and D,), 


o-Nitrobenzaldoxime § 154° 
m-Nitrobenzaldoxime ............... 5— 123 
p-Nitrobenzaldoxime 5 182—184 


Incidentally, this removes one of the exceptions (m-nitrobenz- 
aldoxime) to the generalisation that the synaldoxime melts higher 
than the isomeride. 

A more convincing argument for the stereochemical hypothesis 
depends on the fact that many pairs of O-ethers exist, of which 
the syn-forms are readily convertible into the isomerides. Further- 
more, the absence of any af-preciable spectrochemical divergence 
between the two benzaldoximes (Hartley and Dobbie, 1900, 77, 509) 
is hard to reconcile with structural difference. 

The principal obstacle to embracing the stereochemical hypothesis 
lies in the difficulty of giving any definite physical interpretation 
to the paper distinction between the two forms. The assumption 
underlying the hypothesis is the distribution of the valency 
directions of tervalent nitrogen along the edges of a tetrahedron 
at an apex of which the nitrogen atom is supposed to lie, and 
critics of the hypothesis very pertinently inquire how such an 
arrangement can attain to the rigidity demanded by the permanent 
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existence of separate entities related in the manner shown by the 
figures : 


N ~—-0H 

The mutual independence of these two configurations is referred 
by Hantzsch and Werner to the attraction exerted for one another 
by ¥ and OH in one form, X and OH in the other, so that a 
compound in which X and Y are identical, or one in which the 
attraction of X for OH far exceeds that of Y for 1, would occur in 
one form only. Similar reasoning is adopted by Pickering (Trans., 
1893, 68, 1069) in his criticism of the Hantzsch-Werner hypothesis. 

There is one factor in the problem, however, which we believe 
has been overlooked, namely, the possibility of some attractive force 
exerted between the azethenoid carbon and the hydroxylic oxygen. 
It is significant that among the six types of condensed 
ammonia derivatives, X°CH:N-OH, X*:CY:NOH, X:CY:N-NHZ, 
X-CY:N-NH:CO-NH,, X*CH:NY, and X-N:NY, isomerism has 
been established with certainty in connexion with the first four 
only, and that these are the types in which the atom directly 
associated with azethenoid nitrogen on the side remote from the 
double linking is possessed of supplemental valency. Without 
going so far as to regard the oxygen as quadrivalent : 


O,H, 0,4, N 
“HoCSOn? 


for which we are not aware that any evidence exists, we think it 
may well happen that the partial valency of the azethenoid carbon, 
affecting the dormant supplemental valency of the hydroxylic 
oxygen, sets up the systems: 

C,H,°CH 


tS 
N-OH! 
Benzantialdoxime. Benzsynaldoxime. 

in which the carbon is not firmly combined with the oxygen, 
but associated, with sufficient intimacy to set up the directional 
bias indispensable to isomerism. Whether the partial valency of 
the nitrogen undergoes corresponding satisfaction would not affect 
the situation materially. 
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This suggestion, although failing to explain the immunity fron 
attack displayed by the synaldoximes, would at least account for 
the production of O-ethers instead of W-ethers from the anjj. 
modifications, since the complex —CH,*N:N— might be expected 
to dissolve the carbon-oxygen association, and in so doing become 
attached to the oxygen, and forthwith lose nitrogen, when the 
attraction between azethenoid carbon and hydroxylic oxygen would 
once more assert itself, producing an O-methyl ether capable of 
existing in two stereochemical forms: 


C,H,-CH C, ,*CH:N C,H,-CH 


“|| > | “CHa >N --> 


? + i, 
HU-N HO Fj 


/\| 
CH,-0-N 


Slightly different considerations would apply to the _benzil. 
monoximes and the isonitrosocamphors. Ignoring for a moment the 
suggested association between azethenoid carbon and _hydroxylic 
oxygen, these compounds would contain a conjugated linking: 


HO-N-C-C:0 


J 


and on adding the elements of diazomethane, these would form a 
circuit with nitrogen and oxygen leading to a N-methyl ether; but 
according to the proposal made in this paper the zsonitrosoketones 
would have the configurations : 
X:C*CO:Y X°C-CO*Y 

I. mal 

N-OH HO-N 
from which the conjugated linking is absent. This, however, might 
be developed when the diazomethane proceeded to dissolve the 
carbon-oxygen association, and.in the resulting turmoil of con 
flicting affinities could secure for itself the adding agent, forming 
therewith a V-methy! ether: 
X:-C-CO-Y X°C-CO-Y 

ITs. — | ’ | | + N,, 

N-OH HO-N:CH,°N:N-O O:N:°CH, 

Even regarding the behaviour of a-benzilmonoxime as doubtful, 
it has been established that the stable isonitrosocamphor yields 
the N-methyl ether, and for reasons already detailed (Forster, 

acre 9 | 
Trans., 1905, 87, 232), the configuration CH ho HO is the 
one most likely respresenting this :sonitrosoketone. 

It must not be overlooked, however, that another explanation 
of the isomerism among isonitrosoketones would follow from the 
association of hydroxylic oxygen with carbonylic carbon in the 
one modification, and with azethenoid carbon in the other: 


enzil- 
nt the 
oxylie 


y- 
>° 


Im a 
; but 
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C,H,-C—C-C,H; 


a-Benzilmonoxime, B-Benzilmonoxime, 


This representation has the advantage of accounting for the 
conversion of the former substance into benzonitrile and benzoic 
acid, and would be in agreement with the structure already suggested 
for the O-methyl ether and colourless benzoyl derivative of iso- 
nitrosocamphor : 

6 a =n CH) and CH 

O OMe OBz 
both of which yield a-camphornitrilic acid on hydrolysis. 

The recognition of a union, slender and temporary perhaps, but 
still precise, brought about by the supplemental valency of the 
oxygen and the partial valency of the carbon, will, in addition to 
giving a material interpretation to the stereoisomerism of 
aldoximes, go some way towards explaining the Beckmann trans- 
formation of ketoximes. The net result of this well-known change 
is transposition of the hydroxyl group and the complex which finds 
itself in a situation sympathetic to that group: 

X°C°Y LA 
r ! 
N-OH | 

Now, supposing the hydroxylic oxygen to be already associated 
with azethenoid carbon, the complete transference of oxygen to 
carbon becomes more readily acceptable : 


X-CY 


—> X-:N:C(OH)-Y, 


IP — X-°C(OH):N-Y, 
N--OH 
especially in the case when phosphorus pentachloride is the trans- 
forming agent, and it is supposed that the hydroxyl group 1s 
replaced by chlorine, this element resembling oxygen in being 
possessed of supplemental valency : 
X°C*Y X°C:Y 
ral —> —|| — X-N:CCIY. 
HO-N Cl-N 
Independently of this attempt to apply a physical interpretation 
to the Hantzsch-Werner hypothesis, it remains a puzzling circum- 
stance that benzophenoneoxime and camphoroxime should not yield 
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a methyl derivative, particularly on recalling the facility with whic) 
benzantialdoxime is methylated ; for, on comparing the expressions, 


C,H,CH C,H,°C-C,H, C,H, CH 
io ral 


HO-N HO-N N-OH 
Benzantialdoxime. Benzophenoneoxime. Benzsynaldoxime, 
it will be recognised that in benzophenoneoxime we have the 
counterpart of benzantialdoxime and the antithesis of benzsyn. 
aldoxime; consequently, it would be natural to expect the latter 
to undergo methylation by diazomethane, which ought to leave 
benzantialdoxime unchanged. Whether this abnormality betrays 
an inaccurate diagnosis of aldoxime configurations cannot be 
discussed at present, and the suggestion is too disconcerting for 

acceptance without comprehensive experimental evidence. 


EXPERIMENTAL. 
Preparation of the Aldoximes. 


The antialdoximes required for this investigation were prepared 
by the methods already familiar, the only new one being 
p-triazobenzaldoxime, for which we are indebted to Miss H. M. 
Judd. On converting the nitrobenzantialdoximes into their syn- 
modifications, we experienced some difficulty in effecting the trans 
formation by passing dry hydrogen chloride into an ethereal 
solution, but, on using chloroform in place of ether, and maintaining 
the temperature at 40—50°, satisfactory results followed, the 
syn-oxime being obtained in each case on decomposing the pre 
cipitated hydrochloride with sodium carbonate. It was early 
recognised, however, that the nitrobenzsynaldoximes described in 
the literature were actually mixtures of both isomerides, and it 
became necessary to adopt certain devices in crystallisation to 
prevent regeneration of the anti-modification, which appears to take 
place with greater readiness than has been supposed. The o-nitro- 
compound, for example, stated by Goldschmidt and van Rietschoten 
(Ber., 1893, 26, 2101) to crystallise from warm benzene in prisms 
melting at 136°, was found by us to melt at 154°; this melting 
point was reached by dissolving the substance as quickly as possible 
in benzene at 30°, cooling the liquid immediately, and removing 
the crystals without delay. The m-nitrobenzsynaldoxime was pre 
cipitated by petroleum from a freshly prepared solution in warm 
ethyl acetate, and then melted at 123°, instead of 116—118° as 
recorded by Goldschmidt (Ber., 1890, 23, 2170), who used ether. 
p-Nitrobenzsynaldoxime was dissolved in cold acetone, and pre 
cipitated by water, when it melted at 182—184°, whence the oxime 
described by Goldschmidt and Kjellin (Ber., 1891, 24, 2550) would 
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appear to have contained some anti-modification, since their product 
melted at 170—176°, whilst Behrend and Konig (Anmnalen, 1891, 
968, 350) record 173—175° as the melting point; the necessity of 
immediate precipitation was further established by the fact that 
crystals deposited during the next half-hour by the filtrate from 
the first crop melted at 175—177°. 


Preparation of the Benzilmonoxines. 


The experiments of Meyer and Auwers (Ber., 1889, 22, 540) 
showed that hydroxylamine hydrochloride converts benzil chiefly 
into the B-monoxime, the proportion of which is directly dependent 
on the temperature of the system and the period of association, so 
that the B-monoxime becomes the sole product after twenty-four 
hours at the laboratory temperature. When the free base is 
employed without heating, there is produced a mixture of a- and 
B-monoximes, from which the latter is removed by washing with 
cold benzene, but this process for isolating the a-monoxime is a 
somewhat tedious one, and we have found the following more 
convenient. Seven grams of powdered hydroxylamine hydro- 
chloride were covered with 50 c.c. of dry pyridine, and stirred 
with 5 grams of powdered sodium hydroxide until decomposition 
appeared complete; the filtered liquid, mixed with 20 grams of 
benzil dissolved in 50 c.c. of pyridine, was treated with one drop 
of a 50 per cent. solution of potassium hydroxide, and after twenty- 
four hours at the laboratory temperature was diluted largely with 
water and nearly neutralised with dilute acetic acid. One crystal- 
lisation of the precipitate from 30 per cent. alcohol was sufficient 
te raise the melting point to the right temperature, 137°. 

In connexion with the relative stability of the two benzilmonoximes, 
a curious difference has been observed. Whilst the a-oxime may 
be kept indefinitely without undergoing alteration, the B-modifica- 
tion is very sensitive to the combined action of light and air. From 
the same specimen of this material, two bottles were filled, one 
completely, the other to about one-tenth of its capacity, the two 
bottles being then exposed side by side in a south aspect during 
the past eighteen months, out-of-doors, but protected from rain. 
The oxime in the first bottle has remained unchanged, but the 
substance in the bottle which was nearly empty became brown in 
the course of the first five weeks, gradually developing a strong 
odour of benzonitrile, whilst crystals of benzoic acid sublimed in 
the vessel. Although the production of these compounds might 
arise from auto-oxidation, 

Sor ae C,H,°CN + 0,H,*CO,H, 
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it is nevertheless clear that atmospheric oxygen is involved, because 
on opening the inverted bottle under water the latter rose 
approximately one-fifth in the vessel; moreover, if auto-oxidation 
alone had occurred, the a-oxime would be expected to undergo this 
change more readily than the isomeride. 

Recalling the marked colour-difference in alkaline solutions of 
the two isonitrosocamphors, of which the unstable modification 
develops a deep orange coloration, that of the stable form being 
canary-yellow, 0°5 gram of each benzilmonoxime was dissolved in 
5 c.c. of a 10 per cent. solution of potassium hydroxide; the 
a-oxime (unstable) formed a deep orange solution, whilst that of 
the B-modification was canary-yellow. 


Action of Diazomethane on the Oximes. 


The behaviour of the oximes towards diazomethane having been 
studied under conditions which were, as far as possible, strictly 
comparable, it is only necessary to describe one experiment in any 
detail. Half a gram of p-nitrobenzantialdoxime dissolved in pure 
dry ether was mixed with an ethereal solution of diazomethane 
prepared from 2°5 c.c. of methylnitrosourethane ; after twenty-four 
hours, when the solution was no longer yellow, the solvent was 
evaporated by a current of dry air, and the solid residue treated 
with a further quantity of diazomethane in ether. Another interval 
of twenty-four hours having elapsed, and the liquid still being 
yellow, the flocculent suspension of polymethylene was filtered, and 
the solvent evaporated as before. The residue was then taken up 
with a small quantity of ether and shaken with successive quantities 
of a 5 per cent. solution of potassium hydroxide until the latter 
was colourless, when the ethereal solution was transferred to a 
distilling flask, from which the dissolved material was removed 
with steam; the solid distillate melted at 103°, weighed 0°2 gram, 
and did not depress the melting point of a specimen of the methy! 
ether prepared from p-nitrobenzantialdoxime by an ordinary 
method. On recrystallisation from boiling water, the melting point 
was raised to 105°, that recorded by Goldschmidt and Kjellin being 
101°. 

Before applying this process to the other oximes, these were tested 
as to their volatility in steam, and also as to their extractibility by 
ether from solutions in dilute alkali, and in the case of the 
p-triazobenzaldoximes, both of which are volatile, the distillate was 
treated with alkali before deciding whether methylation had 
occurred. In this manner, definite results have been obtained with 
five pairs of oximes, as already summarised; camphoroxime and 
benzophenoneoxime did not undergo any change, the residue left 
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on evaporating the solvent melting in each case within two or three 
degrees of the purified material, which was recovered by one 
crystallisation from a suitable solvent. 

In the case of a-benzilmonoxime, the residue on removing ether 
after double treatment with diazomethane was a viscous, golden 
oil. This was re-dissolved in a small quantity of ether, and shaken 
several times with dilute potash, from which a small proportion of 
unchanged oxime was afterwards precipitated by carbon dioxide. 
The residue then left by the ether had the same appearance as 
before : 


0'1838 gave 9°6 c.c. No at 18°5° and 737 mm. N=5°89. 
C,;H,,0N requires N=5°'86 per cent. 


The amount at our disposal was too small to admit of detailed 
examination, but the presence of a N-methyl ether was indicated 
by the behaviour of the substance on treatment with hydrochloric 
acid, because on removing undissolved material by ether and adding 
sufficient alkali to neutralise the acid, Fehling’s solution was reduced 
without heating. A blank experiment with the original oxime gave 
a negative result, as also the oil from f-benzilmonoxime and 
diazomethane ; furthermore, the unmethylated oxime recovered from 
this latter experiment was found to consist of the 8-isomeride, which 
therefore is not transformed into the a-modification. 

The experiments with the two isonitrosocamphors have been 
already described. 


Royat CoLLEGE oF ScrENCcE, LONDON, 
Sourn Kensineton, S.W. 


LIL—The Triazo-group. Part IX.’ Transformation 
of Cinnamoylazoimide into Cinnamenylcarbimide 
(Cinnamenyl isoCyanate). 


By Martin Onstow Forster. 


Recent observations connected with the triazo-group appeared to 
justify the expectation that in appropriate circumstances it might 
be possible to transform cinnamoylazoimide into the isomeric ketone 
of phenyldihydrotriazine : 

C,H,-CH:CH:CO-N C,H,"0:CH-CO 
nox > NHN:N * 
The acyl azide was accordingly prepared by the interaction of 
VOL, XCV. FF 
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cinnamoy] chloride and sodium azide, but has not shown a tendency 
to undergo the above re-arrangement. 

I should not have dealt further with this material, belonging 
as it does to a class of which the investigation relates so cop. 
spicuously to the province of Geheimrath Professor Curtius, had 
it not been for an accidental observation which offers the explana- 
tion, not hitherto advanced, of numerous changes described by that 
chemist. One of the most characteristic features of the acyl azides 
is their behaviour towards water, alcohols, and amines (Curtius, 
Ber., 1894, 27, 778), which take part in the following reactions: 

X°CO-N,+H,O =N,+X°*NH-CO-OH. 
X-CO-N,+ Y°OH =N,+ X°NH:CO-OY. 
X°CO-N;+ Y°-NH,=N,+ X*NH-CO-NHY. 

Since this series was brought to light by Curtius in connexion 
with benzoylazoimide, the same observer has described a large 
number of acyl azides, and has shown that the majority conform 
to the generalisation quoted, but in no case, so far as I have been 
able to ascertain, has it been pointed out that the changes in 
question are not specific effects of water, alcohols, and amines, but 
owe their occurrence to preliminary transformation of the azoimide 
into carbimide : 


X-CON, —> N, + X°‘N:0%0, 


which then acts in the normal manner on the base or hydroxy- 
compound present in the system. This conclusion follows from the 
behaviour of cinnamoylazoimide, which, when heated in dry benzene 
at a temperature somewhat below the boiling point of the hydro- 
carbon, steadily loses nitrogen, leaving cinnamenylcarbimide in 
solution ; on removing benzene, the isocyanate may be distilled asa 
colourless liquid which is almost odourless until warmed, when the 
penetrating odour characterising members of the carbimide group 
becomes perceptible, associated with a suggestion of cinnamon. 
Although a large number of acyl azides have been shown to 
yield, under the influence of amines and hydroxy-compounds, the 
derivatives to be expected from the corresponding isocyanate, this 
appears to be the first case in which that intermediate compound 
has been recognised. On one occasion, at least, it has probably 
been isolated, because Curtius (J. pr. Chem., 1895, [ii], 52, 265) 
records the formation of a substance arising from hippurylazoimide 
by elimination of nitrogen when the solution in dry benzene is 
boiled; this compound, which melted at 98°, gave 16°01 per cent. 
of nitrogen on analysis, and is therefore most likely to have been 
hippenylcarbimide, C;H;*CO-NH-CH,°N:C°0, which contains 15°91 
per cent., but its properties were not studied, and the composition 
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(,H,ON, was assigned to it. Another substance described by 
Curtius in the same communication melted at 233°, and gave 
analytical results in agreement with the figures required by 
hippenylearbimide ; it was obtained by the action of hot water 
on hippurylazoimide, and is referred to as being “perhaps the 
carbanil of hippuric acid, C,H,;CO-NH-CH,"N:CO, or more 
probably a polymeride of this,” but no further steps were taken 
to establish its identity. The high melting point of this compound 
suggests the possibility of action having occurred between the 
imino-group and the isocyanate radicle, leading to 


O,H,-CO-N<OG2>NE. 


It is significant also that during his investigation of numerous 
members of the polypeptide class, Curtius frequently noted that 
the oily residue remaining when the complex azoimides were heated 
sufficiently to lose two-thirds the azidic nitrogen became solid on 
cooling (J. pr. Chem., 1904, [ii], 70, 79, 212, 249), these materials 
doubtless consisting of the carbimides. Elimination of nitrogen 
from an acyl azide in presence of some indifferent solvent having 
a suitable boiling point should thus afford an unusually simple and 
convenient method of preparing the isocyanates of sensitive or 
elaborate molecules. 

The explanation here assigned to the mechanism of azide- 
transformation is not at variance with any of the other observations 
made by Curtius in this group. The alternative action of bases, 
for instance, by which in ether the azides are made to appear as 
acylating agents: 

C,H;*CO-N;+ NH,°C,H, =C,H;-CO-NH°C,H; + HNsg, 
is doubtless permitted by the circumstance that the temperatures 
reached in the solvent mentioned are too low to involve loss of 
nitrogen, and similar conditions prevail in the numerous cases of 
polypeptide formation accomplished by the action of acyl azides 
on amino-esters in presence of cold dilute alkali; in these changes 
the acyl azide is the analogue of an acyl chloride. The apparently 
abnormal behaviour of carbonyl bisazide, or carbazide (Curtius, 
J. p. Chem., 1895, [ii], 52, 458), and of carbamic azide (ibid., 468) 
towards boiling water, which resolves them into carbon dioxide and 
hydrazoic acid, is at once explained by considering the structure of 
these compounds: 
N;°CO-N, and N,;°CO-NH,, 
since isocyanates could not be expected from them; moreover, the 
carbamic derivative is indifferent towards boiling alcohol. It is 
recorded also by Curtius and Lorenzen (/. pr. Chem., 1898, [ii], 58, 
165) that in contrast with the azides of carboxylic acids, the sul- 
FF 2 
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phonic azides are not decomposed when heated with water or 
alcohol, and this immunity is not surprising when the unlikely 
character of the transformation, 


C,H,"SO,-N, -—> N, + C,H,"N:S8O,, 


is considered. Furthermore, phenylcarbamic azide is another sub- 
stance escaping azide-transformation, hot water effecting hydrolysis, 
whilst phenylcarbamic ester and diphenylcarbamide are produced 
by alcohol and aniline respectively (Curtius and Burkhardt, 
J. pr. Chem., 1898, [ii], 58, 207); in this instance, also, the 
abnormal course is the only possible one when it is recalled that 
the transformation 


C,H,-NH:CO-N, —> N, + C,H,*NH:N:0:0 


would be involved by adherence to the rule. Finally, oxalic azide, 
N,°CO-CO-Nsg, is merely hydrolysed instead of yielding a carbamide 
derivative, as might be anticipated from the difficulty of producing 
carbiminic isocyanate, O:C:N —N:C:0. 

Several chemical changes may be adduced as analogous to the 
transformation of an acyl azide into the corresponding carbimide, 
the best known being the Hofmann reaction for the preparation of 
amines : 

X:-CO-NHBr— HBr=X:°:N°C°0. 
X:°CO-N:N, —N,=X°N:C:0. 


Here, as in the case under consideration, the violent disturbance of 
chemical affinity attendant on the removal of two atoms from 
association with the nitrogen in direct linking with the main part 
of the system, has caused that element to change places with the 
neighbouring carbon atom, and the same thing occurs when 
benzylazoimide is decomposed by acids (Curtius and Darapsky, 
J. pr. Chem., 1901, [ii], 63, 428): 


C,H;"CH,°Nz = No = C,H;°N:CHg. 
The analogy offered by benzylazoimide is unfavourable to the 


interesting suggestion of Wieland (Ber., 1909, 42, 807), that azide- 
transformation may be preceded by production of a nitrile-oxide: 


= X°C—N 
XCO-N<CHt = \Y +N,. 


It would appear, also, that the alteration undergone by acyl 
derivatives of hydroxamic acids (Thiele and Pickard, Amnalen, 
1899, 309, 189) may be classified with the foregoing, although the 
mechanism of this particular case is not so apparent; nevertheless, 
alkyl carbamates result from the action of boiling alcohol on these 
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substances, suggesting the formation of the carbimide as an inter- 
mediate stage : 
X-C(OH):N-OAc —> X-CO-NH-OAc. 
X°CO-NH:OAc— H:OAc= X°N°C:0. 


Furthermore, it has been shown recently by Darapsky (J. pr. 
Chem., 1907, [ii], 76, 433; Ber., 1907, 40, 3033) that sodium 
hypochlorite oxidises hydrazodicarbonamide to hydrazoic acid, and 
converts phenylsemicarbazide into phenylazoimide, doubtless owing 
to intermediate formation of azodicarbonamide and _phenylazo- 
carbonamide respectively. It seems highly probable that these are 
further illustrations of the same principle, for, taking the simpler 
case, that of phenylazocarbonamide, 


C,H,*N:N-CO-NH, — H,=C,H,"N:N-N:C:0, 


it may be that removal of hydrogen by the hypochlorite leads to 
the hypothetical substance above indicated, which might easily pass 
into phenylazoimide by further oxidation ; this explanation, although 
different from the one put forward by Darapsky, has not the draw- 
back of depending on phenyltriazen as an intermediate compound. 


EXPERIMENTAL. 
Cinnamoylazoimide, C,H;-CH:CH:CO:Ns. 


Twenty-five grams of finely powdered sodium azide were added 
to 50 grams of cinnamoyl chloride, dissolved in 300 c.c. of dry ether, 
and gently agitated during six hours; the cinnamoylazoimide being 
only moderately soluble in ether, the suspended solid was filtered, 
extracted with cold water, and then dtied previous to being purified 
by precipitation with petroleum from benzene solution. When re- 
crystallised from boiling petroleum (60—80°), it formed large, 
lustrous, six-sided plates melting at 86° with liberation of nitrogen: 


0°1066 gave 22°6 c.c. N, at 20° and 760 mm. N=24°25. 
C,H,ON, requires N=24°28 per cent. 


The substance is freely soluble in cold benzene, ethyl acetate, 
acetone, or chloroform, and dissolves readily in cold alcohol; it 
effervesces vigorously with concentrated sulphuric acid, and is 
hydrolysed by alcoholic potash to cinnamic and hydrazoic acids 
without loss of nitrogen. A solution in acetone was exposed to 
light during five weeks without molecular re-arrangement on the 
part of the azide. 
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Cinnamenylcarbimide (Cinnamenyl isoCyanate), 


C,H;*CH:CH:-N:C:0. 


The disengagement of nitrogen which takes place at the melting 
point of cinnamoylazoimide leads, as has been stated, to the pro- 
duction of cinnamenyl isocyanate, but even with small quantities 
of material this alteration is liable to pass beyond control; the 
carbimide was therefore prepared in the following manner. 

Five grams of cinnamoylazoimide, covered with 25 c.c. of benzene 
dried over sodium, were heated in a Wurtz flask under reflux, the 
whole apparatus having been thoroughly dried and protected from 
atmospheric moisture by a tube of calcium chloride at the exit of 
the condenser; the colourless solution rapidly became pale yellow, 
and bubbles of gas appeared, the heating being continued below the 
boiling point of the hydrocarbon until decomposition seemed 
complete. Another quantity of 5 grams having been added and 
decomposed in the same way, the benzene was distilled off on the 
water-bath, and the residue boiled under 12 mm. pressure, the 
distillate passing over steadily at 107°: 

0°2219 gave 19°4 c.c. N, at 20° and 758 mm. N=9°98. 

C,H;,ON requires N=9°65 per cent. 

Cinnamenylcarbimide is a colourless, refractive liquid, having a 
faint, cinnamic odour, and but little suggestion of the isocyanate 
group until warmed with water, when the vapour becomes over- 
powering; the density is 1°101 at 17° compared with water at the 
same temperature. 


Derivatives of Cinnamenylcarbimide. 


Methyl cinnamenylcarbamate, C;,H,;;CH:CH:-NH:-CO,°CHs, crys- 
tallises from benzene in lustrous plates melting at 126°: 

0°2018 gave 14°6 c.c. N, at 17° and 755 mm. N=8'33. 

C,9H,,0,N requires N=7°91 per cent. 

It is freely soluble in cold acetone or ethyl acetate, less readily 
in chloroform, methyl! alcohol, or ethyl alcohol, and still less freely 
in cold benzene, whilst boiling petroleum dissolves it sparingly. 
Evidently the same substance was obtained by Thiele and Pickard 
(Annalen, 1899, 309, 196) on decomposing acyl derivatives of 
cinnamhydroxamic acid with methyl alcohol, but 115° is the melting 
point recorded by these authors. 

Ethyl cinnamenylcarbamate, C,H,-CH:CH-NH:CO,°C,H,, also 
prepared by Thiele and Pickard, is described by them as melting 
at 89°. It crystallises from boiling petroleum in opaque, centimetre 
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long, snow-white needles, the melting point of which could not be 
raised above 87°, even by recrystallisation from alcohol followed 
by petroleum; it acquires the odour of benzaldehyde during the 
course of a few weeks if preserved in a stoppered bottle. 

Cinnamenylphenylearbamide, Cs.H,-;CH:CH:NH:CO-NH-C,H,, 
prepared from cinnamenylcarbimide and aniline in benzene, is 
moderately soluble in boiling alcohol, from which it separates in 
transparent, colourless prisms melting at 217°: 

0°2007 gave 21°2 c.c. Ny at 21° and 767 mm. N=12'14. 

C,;H,,ON, requires N=11°77 per cent. 

It is insoluble in boiling petroleum and in cold benzene, dissolving 
very sparingly in the latter on boiling. 

Cinnamenyl piperidylcarbamide, COC ,H,;-CH:CH:NH:-CO:N:C;H,), 
is freely soluble in hot benzene, from which it separates in colourless 
nodules melting at 140°: 

0°1845 gave 18°9 c.c. N, at 18° and 776 mm. N=12°08. 

C,,H,,ON; requires N=12°17 per cent. 

The substance is freely soluble in cold acetone, chloroform, ethyl 
acetate, methyl alcohol, or ethyl alcohol, but dissolves very slightly 
in boiling petroleum; in concentrated sulphuric acid it develops a 
magenta coloration. During a few weeks in a stoppered bottle the 
substance changed to a pasty, yellow mass, with a faint odour of 
benzaldehyde. 

sym-Cinnamenyl phenylsemicarbazide, 

C,H;-CH:CH-NH:CO-NH-NH-C,H,, 
separates immediately on adding phenylhydrazine to the calculated 
amount of cinnamenylcarbimide in benzene: 

0°1736 gave 25°2 c.c. N, at 19° and 776 mm. N=17°04. 

C,;H,;ON; requires N=16°60 per cent. 

The compound is insoluble in boiling petroleum, and dissolves 
only sparingly in boiling benzene or absolute alcohol ; it is somewhat 
more readily soluble in boiling acetone, from which it separates in 
minute, snow-white needles melting and evolving gas at 221°. 


I desire to express my indebtedness to Mr. Robert Miiller for the 
analytical operations connected with this work. 


Royat CoLLEGE OF SCIENCE, LONDON, 
Soutn KensinerTon, S.W. 
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LIIIl.—WNote on the Detection of White or Ordinary 
Phosphorus in the Igniting Composition of Lucifer 


Matches 
By Tuomas Epwarp Tuorpe, C.B., F.R.S. 


Act 8 Edward 7 Ch. 42, known as the White Phosphorus Matches 
Prohibition Act, 1908, which comes into operation on J anuary l, 
1910, enacts that it shall not be lawful for any person to sell or 
to expose for sale or have in his possession for the purposes of sale 
any matches made with white phosphorus; and that it shall not 
be lawful to import into the United Kingdom matches made with 
white phosphorus, and that matches so made shall be included in 
the table of prohibitions and restrictions contained in Section 42 
of the Customs Consolidation Act, 1876. 

As the new Act will throw upon the Inspectors under the Factory 
and Workshop Act, 1901, the duty of taking, from time to time, 
samples of the materials in use at match factories, and will require 
Officers of Customs to sample imported matches, I have thought 
it desirable to examine the methods by which the presence of 
ordinary phosphorus in the igniting composition of lucifer matches 
may with certainty be established. At first sight this would seem 
to be a very simple problem, and the application of the well-known 
Mitscherlich test for free phosphorus would appear to be all that is 
required. 

In reality, however, this test is not generally applicable, owing 
to the fact that the igniting composition very frequently contains 
phosphorus sesquisulphide, which, in certain circumstances, may give 
rise to a luminous glow (compare Scharff, Zeitsch. physikal. Chem., 
1908, 62, 179; Clayton, Proc., 1902, 18, 129, and 1903, 19, 231; 
Mai and Schaffer, Ber., 1903, 36, 870; Vignon, Compt. rend., 1905, 
140, 1449; Siemens, Chem. Zeit., 1906, 30, 263 and 271; Schenck 
and Scharff, Ber., 1906, 39, 1522; Aronstein, Chem. Centr., 1906, i, 
1906, from Chem. Weekbiad, 1906, 3, 283, and Chem. Centr., 1906, 
ii, 977, from Chem. Weekblad, 1906, 3,490). Mistakes have already 
occurred at Continental ports of entry in consequence of the 
application of the Mitscherlich test. 

The most direct and most certain method of establishing the 
presence of ordinary phosphorus in the igniting composition is to 
isolate the phosphorus as such, and this may readily be effected 
by placing the “composition,” either as dried paste, or as it exists 
on the heads of the matches, in a small bulb tube, which, after being 
exhausted, is gently heated so as to volatilise the phosphorus, which 
can thus be obtained as a colourless, lustrous, crystalline sublimate, 
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the physical characteristics of which are quite sufficient to identify 
it (compare W. Flight, Douglas Hermann, and Story-Maskelyne, 
Ber., 1873, 6, 1415; Jahresber., 1873, 221). 

In practice the method is carried out as follows: 

A few grams of the composition, or, in the case of finished 
matches, the heads cut from a couple of hundred of the splints, 
are placed over concentrated sulphuric acid in a desiccator, filled 
with carbon dioxide, at the ordinary temperature until thoroughly 
dry. The dried material is then transferred to a bulb of 25 c.c. 
capacity blown on the end of a tube of 15 mm. diameter, and 
20 cm. long. A bulb of this capacity will hold from 300 to 400 
match-heads. The apparatus is filled with dry carbon dioxide, and 
is evacuated as completely as possible, most conveniently by means 
of a Fleuss or Gaede pump, and the end sealed off. The bulb is 
then gently heated at from 40° to 60° for a couple of hours, when 
the phosphorus, if present, will be volatilised and will be condensed 
in the cold upper part of the tube as a lustrous, transparent, highly 
refractive sublimate of octahedral or dodecahedral crystals, which 
increase in size after standing a few days, and preserve their lustre 
and transparency unchanged if protected from light. 

A very small admixture of white phosphorus can be detected 
in this manner. Matches made with phosphorus sesquisulphide, 
although affording a luminous glow, give no sublimate of any kind 
under these conditions. 


I have to thank Mr. Jacob Fox, B.Sc., for his assistance in 
carrying out the experimental work required to prove the validity 
of this method. 


GoVERNMENT LABORATORY. 


LIV.—Salicylidene-m-toluidine, a New  Phototropie 
Compound; Salicylideneamines : Salicylamuades. 


By A.Frep Senrer and FREDERICK GEORGE SHEPHEARD. 


In the course of a search for methods of acridine synthesis which 
might lead to the discovery of types of acridines at present unknown, 
it seemed probable, as in the case of other methods of acridine 
synthesis (Senier and Goodwin, Trans., 1902, 81, 281), that the com- 
pounds described in this paper would condense more readily, yielding 
acridines or acridones, than the simpler homologues from which 
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Pictet and Ankersmit (Annalen, 1891, 266, 138) and Pictet ang 
Hubert (Ber., 1896, 29, 1189) showed that acridines could be obtained, 
Contrary to our expectation, however, the only acridine derivative 
isolated was an acridone obtained from one of the simpler 
homologues. 

One of the salicy] derivatives prepared, namely, salicylidene-m-tolui- 
dine, exhibited that most remarkable photo-reaction which Marckwald 
(Zeitsch. physikal. Chem., 1899, 30, 140) has named phototropy. On 
crystallisation from its solutions, the crystals are, in the first place, 
pale yellow, but when exposed to sunlight the colour changes quickly 
to deep orange, and this colour change is reversed, although much 
more slowly, when the crystals are placed in the dark. Spectroscopic 
experiments showed that the change from the paler-coloured to the 
darker-coloured modification is due to the activity of the light waves 
of high refrangibility. This change does not take place in solution, in 
which condition only the paler-coloured modification appears to exist. 
Specimens prepared a month ago retain their photo-reactive sensibility 
unimpaired. After exposure to the light of an are lamp, no phos. 
phorescence was observed on the sudden removal of the source of 
light. Rubbing between glass plates in a dark room gave no 
indication of triboluminescence. It is noteworthy that the other 
condensation products of salicylaldehyde with similar amines 
described in this paper are not {phototropic. This property of 
salicylidene-m-toluidine is similar to that originally investigated by 
Marckwald in the case of the anhydrous chloride of quinoquinoline 
and in that of 8-tetrachloro-a-ketonaphthalene. It is similar also to 
that exhibited by the derivatives of fulgenic acid described by Stobbe 
(Annalen, 1908, 359, 1) in an important contribution to the study of 
phototropy, which contains also full references to previous work on 
this subject. 

Probably, in accordance with the conclusion arrived at by Stobbe 
in the case of the compounds he studied, phototropy in this instance, 
also, depends on the existence of two stereo- or other isomerides, 
formed respectively under the influence of short or long waves of 
light. 

These experiments are being continued with the view of determining 
the character of the isomerism exhibited, and of obtaining, among 
analogous compounds, further instances of phototropy which might 
lead to the elucidation of the relation of this phenomenon to molecular 
constitution. 


1. Salicylideneamines. 


The salicylideneamines described below are readily formed by the 
condensation of salicylaldehyde with the respective bases; in some 
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instances the action took place without the application of heat, in 
others gentle warming was found necessary. 

Salicylidene-m-toluidine, OH°C,H,*CH:N-C,H,Me.—This compound 
exhibits the reversible photo-reaction already described. 

The crude product of the condensation was dissolved in methyl 
alcohol, which on evaporation gradually deposited clusters of prisms of 
the compound. It dissolves very readily in the usual organic solvents. 
It melts at 39°5° (corr.) : 

02151 gave 12°5 c.c. N, (moist) at 13° and 753 mm. N=6°'80. 

C,,H,,ON requires N = 6°64 per cent. 

Salicylidene-m-4-aylidine, OH-C,H,°CH:N-C,H,Me,, consists of 
bright yellow needles, which readily dissolve in most organic solvents. 
It melts at 30—31° (corr.) : 

0:2638 gave 13°9 c.c. N, (moist) at 14° and 764 mm. N=6:23. 

C,;H,,ON requires N = 6:22 per cent. 

Salicylidene-p-xylidine, OH*C,H,-CH:N:C,H,Me,, crystallises from 
dilute alcohol in glistening, yellow plates. It dissolves readily in the 
usual organic solvents, and melts at 107—108° (corr.) : 

0:2258 gave 12°3 c.c. N, (moist) at 13° and 750 mm. N=6:35, 

C,,;H,,ON requires N = 6°22 per cent. 

Salicylidene-p-cumidine, OH-C,H,*CH:N-C,H,Me,, was obtained in 
long, brilliant yellow needles from solution in dilute alcohol. It 
dissolves easily in the usual organic solvents, and melts at 71° (corr.) : 

0:2125 gave 10°8 c.c. N, (moist) at 16° and 767 mm. N=5°98. 

C,,H,,ON requires N =5-86 per cent. 

Salicylidene-a-naphthylamine, OH-C,H,°CH:N:C,,H,, crystallises 
from methyl alcohol in dark orange prisms. It is very soluble in 
the usual organic solvents, and melts at 45°5° (corr.) : 

0'2930 gave 13°7 c.c. N, (moist) at 10°5° and 766 mm. N=5'63. 

C,,H,,0N requires N = 5°67 per cent. 


2. Salicylamides. 


In the preparation of the following salicylamides, salicylic acid 
(1 mol.) and the respective amine (1 mol.) were warmed at 100° in an 
open vessel, and phosphorus trichloride in slight excess was dropped on 
the mixture. When the evolution of hydrogen chloride had ceased, 
the hot liquid was poured into water, when it solidified. It was then 
triturated with more water, dissolved in a cold dilute solution of sodium 
hydroxide, and carbon dioxide passed through the solution. By this 
means a precipitate was obtained free from unaltered salicylic acid 
oramine, The product was finally recrystallised from alcohol. Two 
recrystallisations were generally found sufficient. 
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The salicylamides were each submitted to the action of heat, alone, 
and in the presence of various condensing agents. In the case of 
salicyl-m-toluidide a very small yield of the corresponding acridong 
was obtained. 


2-(or 4-)Methylacridone, CH, <Og >, HMe, was purified by 


sublimation, when it consists of yellow, feathery crystals. It melts at 
312° (uncorr.) : 

Found, C= 80°26 ; H=5:93. 

C,,H,,ON requires C= 80°38 ; H =5-26 per cent. 

In the case of the distillation of the higher salicylamides the 
reaction is of a different nature, the decomposition which takes place 
results in each case in the liberation of a large proportion of the 
amine. 

Salicyl-m-toluidide, OH*C,H,-CO-NH°C,H,Me, consists of small, 
colourless prisms, readily soluble on warming in alcohol, benzene, 
chloroform, light petroleum or glacial acetic acid. It melts at 
135—136° (corr.) : 

0°4036 gave 21°9 c.c. N, (moist) at 12° and 745 mm. N=6:31. 

C,,H,,0,N requires N = 6°17 per cent. 

Salicyl-m-4-xylidide, OH*C,H,-CO-NH°C,H,Me,, crystallises in 
colourless needles, which dissolve readily in alcohol, ethyl acetate, 
chloroform or benzene, sparingly in light petroleum or ether. It 
melts at 143° (corr.) : 

0°3698 gave 19-2 c.c. N, (moist) at 14° and 746 mm. N=5°99, 

C,,H,,0,N requires N =5°81 per cent. 

Salicyl-p-xylidide, OH*C,H,*CO-NH-C,H,Me,, occurs in large, well- 
defined, colourless prisms, which are very slightly soluble in benzene, 
chloroform or light petroleum, readily so in alcohol, acetone or ethyl 
acetate. It melts at 164° (corr.): 

0°1513 gave 04161 CO, and 0°0880 H,O. C=74:92; H=6°51. 

C,,H,,O,.N requires C=74°66 ; H=6:27 per cent. 

Salicyl-p-cumidide, OH*C,H,*CO-NH-C,H,Me,, consists of colour- 
less needles, sparingly soluble in ether or benzene, soluble in alcohol or 
chloroform, very soluble in acetone. It melts at 188—189° (corr.): 


0°1988 gave 0°5437 CO, and 0:1219 H,O. C=74:64; H=6°86. 
02474 ,, 11:°9¢.c. N, (moist) at 13° and 764mm. N=5'71. 
C,,H,,0,.N requires C=75'26 ; H=6:72; N=5-49 per cent. 
Salicyl-a-naphthalide, OH*C,H,*CO-NH-C,,H,, crystallises in colour- 
less prisms, which dissolve sparingly in light petroleum and readily in 
alcohol. It melts at 182—183° (corr.): 
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0:2923 gave 13°2 c.c. N, (moist) at 16° and 770 mm. N=5-34. 
C,,H,,0,N requires N = 5°32 per cent. 

Salicyl-B-naphthalide, OH°C,H,-CO*-NH°C,,H,, forms colourless, 
silky needles, soluble in alcohol, which melt at 188—189° (corr.) : 

02499 gave 11°8 c.c. N, (moist) at 18° and 759 mm. N=5-44. 

C,,H,,0,N requires N = 5°32 per cent. 

The sodium derivative, ONa°C,H,-CO-NH°C,,H,,5H,0, is deposited 
in rosettes of small, colourless needles when a solution of salicyl-B- 
naphthalide in sodium hydroxide is allowed to stand. It is very 
dightly soluble in cold water, and hydrolyses on warming ; it dissolves 
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. LV.—The Atomic Volumes of Phosphorus. Part IL], 
_ Phosphorus and Bromine. 
cetate, By Epmunp Brypces RupHALL PripEavux. 
mE te a former paper (Trans., 1907, 91, 1711) a comparison was made 
between the atomic volumes of phosphorus and chlorine before and 
9. after combination, and it was there shown that, assuming chlorine to 
possess its elementary atomic volume in phosphorus tri- and penta- 
, well- chlorides, the atomic volume of phosphorus in the latter is much less, 
nzene, and in the former greater, than that of the element. 
ethyl These data have now been extended by a measurement of the 
specific volumes of phosphorus pentabromide at various temperatures, 
1. andin order to obtain a comparison temperature, the vapour pressures 
of this compound have been determined. 
Expansion of Phosphorus Pentabromide.—Some of Merck’s purest 
wes preparation was analysed, the bromine being determined as silver 
’ °* & bromide and the phosphorus as magnesium pyrophosphate with the 
): following results : 
6. Found, Br=92°3; P=7°7. 
PBr, requires Br=92°7 ; P=7'3 per cent. 
The bulb of the dilatometer employed had a capacity of about 0°4 
lour- cc, The capacity of each mm. length of the stem was 0°001 c.e. 
ly in Corrections, were made for inequalities in the bore and for the expansion 


of the glass, 
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The approximate specific volume of liquid phosphorus pentabromide 
having been ascertained, the calculated amount of the substance was 
introduced into the dilatometer, which was then evacuated, sealed, and 
weighed. The volumes at various temperatures were read in baths 
of sulphuric acid and glycerol. Afterwards the tube was carefully 
broken, boiled with nitric acid, dried, and weighed. 

Two sets of observations were made with different quantities of 
phosphorus pentabromide, with the results tabulated below. When 
temperatures were plotted against scale divisions of the dilatometer, it 
was seen that the expansion was uniform from 85° to 100°. An 
inflexion then appeared, similar to that seen in the case of sulphur at 
159°. The expansion then again proceeded uniformly at a lower 
rate, 

To give an idea of the degree of accuracy with which the readings 
could be taken, it may be stated that 15 per cent. of these lay on the 
two straight lines within 0°1 scale-divisions or ;j, of the total volume, 
and 85 per cent. within 0°05 scale-divisions or ;}5 of the total 
volume. 

The following are some experimental values of the specific volumes 
from experiments I and II, allowing in each case for inequalities of 
bore of the capillary tube and expansion of glass. 


I. Weight of PBr,=1°423. II. Weight of PBr,=1°167. 


Temp. Spec. vol. Mol. vol. Spec. vol. Mol. vol. Mean mol. vol. 
85° 0°3530 152°1 0°3522 151°7 151°9 
100 0°3621 156-0 0°3627 156°3 156°1 
130 0°3755 161°7 0°3757 161°8 161°8 
165 0°3899 168-0 0°3906 168°3 168°2 


From these and the other observations, the expansion of phosphorus 
pentabromide was calculated as below : 

(1) 85—100° V; = V,,.(1 + 0°0019¢°). 

(2) (L00—165°) Vz = V,99(1 + 0°001 22°). 

In order to compare the molecular volumes of phosphorus penta- 
bromide with those of other phosphorus compounds under conditions 
of equal vapour pressure, it is at least necessary to know the boiling 
point of the former. This, however, is inaccessible to direct measure- 
ment. All the methods of determining vapour pressures are out of 
the question, either on account of the action of phosphorus penta 
bromide on mercury or on account of the dissociation of the vapour 
at diminished pressures. A method was therefore devised by which 
the vapour pressure is measured in a confined space in such a way 
that the total pressure is never less than atmospheric and no distillation 
takes place. 

Briefly, the space above the phosphorus pentabromide is full of dry 
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air, which is kept at constant volume throughout the experiment by a 
thread of mercury contained in a graduated [J-tube of 2 mm. bore. 
The other limb of this communicates through a closed space full of 
air with a manometer open to the air on the further side, and furnished 
with amercury reservoir which can be raised and lowered ; thus at the 
same time regulating and registering the pressures. 

In these circumstances it can be shown that the pressures recorded 
are simply the vapour pressures of the substance. No correction need 
be introduced for the increase of pressure on heating the enclosed air, 
provided this is less than the vapour pressure in question. 

The method was checked by a determination of the vapour pressures 
of benzene ; these were found to agree with the values determined by 
Regnault and Ramsay within 4 cm. of mercury at 50° and within 1 
em. at 78°. 

The vapour pressures of phosphorus pentabromide were then 
measured, and it is believed that they can be relied on certainly within 
Sem. of mercury, that is, the boiling point as deduced from the vapour 
pressures is within 2° of the true value. 


Vapour pressure | Vapour pressure 
Temp. in em. of mercury. Temp. in cm. of mercury. 
23° 0°6 75° 21°7 
41 3°5 79 23°7 
61 10°9 88 31°8 and 35°6 
62 12°0 100 56°0 


From these results by extrapolation the temperature at which the 
vapour pressure of liquid phosphorus pentabromide is 76 cm. is 
estimated to be 106° + 2°. 

Comparison Temperatures.—Practically, in the case of substances of 
which the vapour pressures and liquid volumes below the boiling point 
are known, it will be shown later that any temperatures at which the 
vapour pressures are equal may be chosen as comparison temperatures 
within a considerable range. 

Theoretically, also, the differences between the atomic volumes of 
different liquids at temperatures of equal vapour pressure would be 
constant, provided the critical pressures were equal. Asa matter of 
fact the critical pressures of the liquids in question are mostly unknown 
and probably different; yet the difference between volumes at 
temperatures of equal vapour pressures is, indeed, so constant that the 
relations stated for the boiling point will also hold for temperatures 
40° removed from it. A few figures will make this clear. 

Table I gives the temperatures and atomic volumes corresponding 
with the three pressures: (1) 760 mm., (2) 200 mm., (3) 100 mm. 
These have been calculated from the data of the investigators into 
Volumes and vapour pressures of chlorine, bromine, and phosphorus. 
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Table If gives temperatures and molecular volumes at these pres- 
sures for PCl,, PBr,, P+3Cl, and P+5Br, the two last being taken 
from the values in table I; thus, V(P+3Cl) at 200 mm. is the 
atomic volume of phosphorus measured at a vapour pressure of 
200 mm. plus three times the atomic volume of chlorine measured at 
a vapour pressure of 200 mm. 

Table III gives the differences of volume at the temperatures 
corresponding with these vapour pressures. 


TABLE I 
P. Cl. Br. 
A , , corel 
Mm. _. V. yf 
760 — 33°6° 22°76 -+59° 
200 61 21°8 23°5 
100 73 21°5 8°2 


Taste II. 
P+3Cl, 
i 
V. 7”. V. 
93°34 88°68 106°* 157°3 154°4 
89°0 84°5 76 149°6 147°1 
87°3 83°5 _ _— _- 
* By extrapolation. 


Tasze IIT. 
P (mm.). Br-Cl. 3r—P. PCl,—(P+3Cl). PBr;-(P+5Br.) 
760 4°0 6°4 4°7 2°9 
200 3°8 6°5 4°5 2°5 
100 3°9 6°4 3°8 -- 


Of the four other phosphorus halides, namely, phosphorus tribromide, 
phosphorus pentachloride, phosphory] chloride, and phosphory] dichloro- 
bromide, the specific volumes of which are accurately known, the 
vapour pressures have not yet been determined. The volumes at the 
boiling points are known, and there is little doubt that the differences 
of molecular volume would remain much the same for a considerable 
range of temperature. 

Comparing as before the sum of atomic volumes of the free 
elements, the value 14:1 is put for oxygen instead of one of Kopp’s 
numbers. This value is the mean of the closely concordant values 
found by Dewar (Proc. Roy. Soc., 1893, 15, 133), and Drugman and 
Ramsay (Trans., 1900, 77, 1228), by different methods for the atomic 
volumes of liquid oxygen at its boiling point. 
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TaBLe IV. 
I. II. III. IV. ®; 
At. vol. 
of phosphorus 
Expansion if other 
Sum of column II. elements retain 
Mol. vol. of at. vols. minus their at. vol. 
compound, of elements. column III. in combination. 
Ole issssscnaess 93°34 88°68 +4°7 25°1 
| errr re 108°8 100°8 +8°0 28°4 
Pill fusasseoscas 128°9 134°2 —5°3 151 
_——_ eletab 157°3 154°4 +2°9 23°3 
|) ee 101°3 102°8 —-1°5 18°9 
POBrCl, ...... 10774 106°8 +0°6 21°0 


That expansion on combination is greater in the case of a bromine 
compound than in the corresponding chlorine compound may be seen 
on comparing phosphorus tribromide with phosphorus trichloride, etc. 
In the case of phosphorus pentachloride and phosphoryl chloride the 
molecular volumes are less than the sums of the atomic volumes. 

Or, taking the figures of column V, it is evident that the atomic 
volume of phosphorus combined with bromine is greater than that of 
phosphorus combined with chlorine. 

If, on the other hand, we compare with one another compounds in 
which phosphorus exhibits different valencies towards the same 
halogen, we see that the expansion on combination is greater in 
the case of the tri- than in that of the penta-compound. 

Or, taking the figures of column V, it is evident that the atomic 
volumes of tervalent phosphorus are throughout these compounds 
greater than those of quinquevalent phosphorus. 


Heriot-Watt COLLEGE, 
EDINBURGH. 


LV1.—The Action of Ethyl Carbamate on Esters of 
Organic Acids and Mustard Oils. 


By Srecrriep RuHEMANN and JoHN GILLIES PRIESTLEY. 


In continuation of the research on the esters of acetylenic acids, we 

have subjected the sodium derivative of ethyl carbamate to the action 

of ethyl phenylpropiolate with the view of ascertaining whether 

in this case, also, a union is effected as represented by the equation : 

0,H,-C:C-CO, Et + NHNa-CO, Et = C,H,*C(NH-CO,Et):CNa-CO,Et. 
We find, however, that such an additive product is not formed, but 
VOL, XCV. Qa 
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instead, alcohol is eliminated, and ethyl phenylpropiolylcarbamate, 
C,H,°C:C-CO-NH-CO, Et, is produced. 

Some time ago, Hantzsch (Ber., 1894, 27, 1250) showed that, 
in the presence of sodium ethoxide, ethyl carbamate does not condense 
with esters of fatty acids to yield acyl derivatives of ethyl] carbamate, 
the only exception being ethyl oxalate, which yields diethyl oxalyl. 
dicarbamate, (CO-NH:CO,Et),. The acyl derivatives of ethyl carb. 
amate had to be prepared by the action of acid chlorides or acid 
anhydrides on ethyl carbamate. Those compounds may, however, 
be obtained also in a manner similar to the formation of ethyl 
phenylpropiolylearbamate by the action of ethyl sodiocarbamate on 
the esters of fatty or fatty-aromatic acids. This reaction, moreover, 
allows of the preparation of ethyl formylcarbamate, which, on account 
of the non-existence of formyl chloride, cannot be produced by the 
old method. Owing to the fact that ethyl formylcarbamate is readily 
hydrolysed, a mixture of this substance and ethyl carbamate, which 
melts at a low temperature, is produced in the reaction. On being 
kept for several days in a desiccator, the oil deposits a small quantity 
only of the formyl compound, and, as a complete separation cannot be 
effected by fractional distillation in a vacuum, the yield of the pure 
ethyl formylcarbamate is rather small. 

On applying this reaction to the esters of benzenecarboxylic acids, 
it has been found that ethyl benzoate forms only a small quantity of 
ethyl benzoylcarbamate, whereas ethyl o-phthalate does not yield 
a trace of the carbamate. 

Of interest is the behaviour of ethyl sodiocarbamate towards ethyl 
benzylideneacetoacetate. This reaction furnishes diethyi acetyl- 
diphenyleyclohexanonedicarboxylate, 

C0, Bt-C(CO-CH,) omg Hy HOO 
identical with the compound which one of us (Ruhemann, Trans, 
1909, 95, 110) obtained by the action of sodium phenoxide or sodium 
ethoxide on ethyl benzylideneacetoacetate. 

Tn connexion with this work, we have studied the behavivur of 
ethyl sodiocarbamate towards mustard oils. On using phenylthio- 
carbimides, the reaction takes place in two phases. At first, both 
substances unite to form carboxyethylphenylthiocarbimide, 

CO,Et-NH-CS:NH-C,H,, 
which, indeed, could be isolated and identified with the product 
obtained by Doran (Trans., 1896, 69, 326) on treatment of carboxy- 
ethylthiocyanide with aniline. The yield of this substance from ethy! 
carbamate is very small, as the greater part of it subsequently 
condenses with another molecule of phenylthiocarbimide, thus : 


CO,Et*NH-CS‘NH°0,H, + C,H,*NCS =C,,H,,ON,S, + C,H,0, 
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and yields a compound the constitution of which is to be represented 
by the formula 
C,H;"NH°CS:N-CO 
C,H,"N:C:S © 
This substance, which stands in a close relationship to carbonyl- 
thiocarbanilide, C,H,*N 0<N(CeHs) S00, the product of the action 


of carbonyl chloride on thiocarbanilide, is, therefore, to be regarded 
as anhydrodiphenyldithiobiuretcarboxylic acid. The compound is 
yellow, whereas its sodium and potassium derivatives are colourless, 
This fact leads to the view that the salts are derived from the 
tautomeric formula 
C,H,°N -O(SH)-N “CO 
C,H,;"N:C:S © 
The yellow substance is scarcely attacked on boiling with hydro- 
chloric acid, but it is very sensitive towards potassium hydroxide. 
The colourless salt, which is first formed on the addition of the 
dilute alkali, decomposes when digested on the water-bath for a 
short time. 
Analogous to the behaviour of phenylthiocarbimide is the action 
of ethyl sodiocarbamate on allylthiocarbimide, whereby anhydro- 
diallyldithiobiuretcarboxylic acid, C,H,,ON,S,, is produced. 


EXPERIMENTAL. 
Ethyl Phenylpropiolylcarbamate, C,H,°C?C*CO-NH:CO,Et. 


This compound is formed by digesting a solution of ethyl carb- 
amate (4°5 grams) in absolute ether with sodium wire (1°2 grams) on 
the water-bath until the metal has disappeared, then adding ethyl 
phenylpropiolate (8°7 grams) to the voluminous mass of ethyl sodio- 
carbamate, and keeping the mixture for a day or warming it on the 
water-bath for one to two hours. On pouring the whole into water, 
removing the ethereal layer (which contains only traces of ethyl 
carbamate and ethyl phenylpropiolate), and treating the aqueous solu- 
tion with an excess of dilute sulphuric acid, an emulsion is produced. 
This, in a short time, deposits a solid, which is very soluble in alcohol, 
especially on boiling, and crystallises from dilute alcohol in colourless 
prisms melting at 100°: 

02070 gave 0:5030 CO, and 09965 H,O. C=66:27; H=5'17. 

02560 ,, 146 cc. N, at 18° and 752mm. N=651. 

C,,H,,0,N requires C = 66°35 ; H=5:07 ; N=6-45 per cent. 

Ethyl phenylpropiolylearbamate, on being in contact with concen- 
trated aqueous ammonia for a few hours, dissolves, and, in the course 

Ga 2 
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of a day, the solution sets to a semi-solid mass of crystals. These 
readily dissolve in boiling water, and, on cooling, crystallise jp 
colourless prisms. The compound is phenylpropiolamide, 
C,H,°CiC-CO-NH,, 

which Stockhausen and Gattermann (Ber., 1892, 25, 3537) obtained 
by the action of ammonium carbonate on phenylpropiolyl chloride, 
They gave the melting point as 99—100°, whereas we find it to be 
108—109° : 

0°2060 gave 0°5620 CO, and 0°0928 H,O. C=7440; H=5-0. 

02158 ,, 18 cc. N, at 15° and 764mm. N=9°82. 

C,H,ON requires C= 74°48 ; H=4°83 ; N=9°65 per cent. 


Ethyl Phenylacetylcarbamate, C,H,-CH,*CO*NH:CO,Et. . 


It has been mentioned in the introduction to this paper that ethyl 
benzoate, on treatment with ethyl sodiocarbamate, yields only a very 
small quantity of ethyl benzoylearbamate, and that no trace of an 
acylearbamate is formed from ethyl o-phthalate. This result is 
probably due to steric hindrance, for, as shown before, ethyl phenyl 
propiolate readily reacts with ethyl sodiocarbamate, and gives a good 
yield of the acylearbamate. Ethyl phenylacetate (16°4 grams) also 
condenses with ethyl sodiocarbamate (produced from 9 grams of ethyl 
carbamate and 2°3 grams of sodium in absolute ether). The mixture, 
after being kept for two days, is poured into water, the ethereal 
layer separated from the aqueous solution, and the latter treated with 
dilute hydrochloric acid, when a solid is precipitated. This is readily 
soluble in alcohol, and crystallises from dilute alcohol in colourless, 
silky needles melting at 114—115°: 

0:2075 gave 0°4845 CO, and 0:1175 H,O. C=63:68; H=6:29. 

0:2255 ,, 13:2cc. N, at 14° and 767 mm. N=6°94, 

C,,H,,0,N requires C=63°76 ; H=6:28 ; N=6°76 per cent. 

This compound, also, is hydrolysed by ammonia, and yields phenyl- 
acetamide in addition to phenylacetic acid. The former separates on 
leaving the carbamate in contact with concentrated aqueous ammonia 
for several days, and crystallises from boiling water in colourless 
plates. It was identified by the melting point (154—155°) anda 
nitrogen estimation : 

0°1474 gave 13°6 cc. N, at 24°and 772 mm. N=10°5. 

C,H,ON requires N = 10°37 per cent. 


Action of Ethyl Sodiocarbamate on Ethyl Benzylideneacetoacetate. 


On adding to ethyl sodiocarbamate (from 2°3 grams of sodium and 
9 grams of ethylcarbamate), suspended in absolute ether, ethy! 
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benzylideneacetoacetate (2i°8 grams), heat is developed, the ethyl 
sodiocarbamate disappears, and a yellow solid separates. After being 
kept overnight, the whole is poured into water. The aqueous solution 
contains only a small quantity of a viscous product; the ethereal 
layer, on evaporation of the ether, yields an oil which, when stirred 
with a little alcohol, partly solidifies. The product is filtered with the 
aid of the pump, and washed with alcohol until the filtrate ceases to 
be yellow. The solid is free from nitrogen, and, after crystallisation 
from alcohol, has the same melting point and chemical behaviour as 
diethyl 6-acetyl-1 : 5-diphenylcyclohexan-3-one-2 : 6-dicarboxylate, 
CH(C,H,)-CH(CO, Et 

HOH BECO, 
which has recently been described by one of us (loc. cit.). The 
formula, moreover, was verified by analysis : 

0'2122 gave 0°5565 CO, and 0:1240 H,O. C=71'52; H=6°49. 

C,,H,,0, requires C=71°56 ; H= 6°42 per cent. 

The alcoholic washings from the compound contain a yellow, 
viscous product, from which no crystalline substance could be 
extracted. 


CO, Et-C(CO-CH,) 


Diethyl Oxalyldicarbamate, (CO°-NH-CO,Et),. 


This compound, which Hantzsch (Joc. cit.) obtained by the action of 
an alcoholic solution of sodium ethoxide on a mixture of ethyl 
carbamate and ethyl oxalate, is formed, also, by dissolving sodium 
(23 grams) in a solution of ethyl carbamate (9 grams) in absolute 
ether, then adding ethyl oxalate (7°5 grams), and digesting the mixture 
on the water-bath for two to three hours. The product is poured into 
water, and the aqueous Jayer treated with dilute hydrochloric acid, 
when a solid is precipitated. This is almost insoluble in cold water, 
but readily dissolves in boiling water, and, on cooling, separates 
in colourless, stout prisms, which melt at the same temperature (170°) 
as observed by Hantzsch : 

0:2054 gave 0°3115 CO, and 0°0980 H,O. C=41'36; H=5-30. 

02265 ,, 23:2 cc. N, at 15° and 777 mm. N=12°27. 

C,H,,0,N, requires C= 41°38 ; H=5:17 ; N=12°07 per cent. 

This substance, on hydrolysis with concentrated aqueous ammonia, 
yields oxamide. 


Ethyl Chloroacetylcarbamate, CH,Cl-CO*NH:-CO,Et. 


Frerichs (Arch. Pharm., 1899, 237, 288) prepared this compound 
from chloroacety] chloride and ethyl carbamate. We obtained it by 
digesting the mixture of ethyl sodiocarbamate (from 2°3 grams of 
sodium and 9 grams of ethyl carbamate), suspended in absolute ether, 
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and ethyl chloroacetate (12°3 grams) on the water-bath for two hours, 
The whole is then poured into water, and the aqueous solution, after 
treatment with dilute sulphuric acid, frequently extracted with ether, 
On evaporation of the ether, a solid is left, which is sparingly soluble 
in ether but dissolves readily in boiling water, and, on cooling, 
crystallises in colourless prisms melting at 129—130°: 


0°2154 gave 15°8 c.c. N, at 18° and 764mm. N=8°49, 
C;H,O,NCI requires N = 8°46 per cent. 


Ethyl Formylearbamate, CHO-NH-CO,Et. 


On adding freshly distilled ethyl formate (8 grams) to ethyl sodio. 
carbamate (prepared by dissolving 2°3 grams of sodium in a solution 
of 9 grams of ethyl carbamate in absolute ether) and frequently 
shaking the mixture, the powdery ethyl sodiocarbamate is transformed 
into a white solid, which adheres to the sides of the vessel. The 
mixture, after being kept overnight, is poured into water, when 
the whole dissolves. ‘The ethereal layer, which contains only a small 
quantity of ethyl carbamate, is removed from the aqueous solution, 
the latter treated with dilute sulphuric acid, and extracted ten times 
with ether. On evaporation of the ether, an oil is left from which, in 
the course of three to four days, a crystalline solid separates. This is 
collected with the aid of the pump, and the adhering oil pressed of 
between filter paper. The substance is very soluble in ether, but 
almost insoluble in light petroleum, and crystallises from a mixture of 
both solvents in colourless prisms, which are rather volatile in a 
vacuum, even at the ordinary temperature, and melt at 51—52°: 


01994 gave 0°3007 CO, and 0:1097 H,O. C=41:12; H=6:11. 
01800 ,, 184cec. N, at 17° and 774mm. N=12°06. 
C,H,O,N requires C= 41:02; H=5:96 ; N=11-97 per cent. 


Although almost the total quantity of ethyl sodiocarbamate reacts 
with ethyl formate, as indicated by the fact that the ethereal solution 
after treatment of the product with water contains only a little ethyl 
carbamate, yet the yield of ethyl formylcarbamate is rather small. 
This circumstance is partly due to the volatility of the compound, 
especially, however, to the ease with which it is hydrolysed by mineral 
acids, even inthe cold. The oil which is left on evaporation of the ether 
from the ethereal extract of the acidified aqueous solution of the product 
of the reaction, is a mixture of ethyl carbamate and its formy] derivative. 
This melts at a low temperature ; it distils at 73—82°/13 mm., and 
cannot be completely separated by fractional distillation. A nitrogen 
estimation of the fraction which boils at 73—77°/13 mm. and melts 
at 35—39° gave the following result : 
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0:1639 gave 21°4 cc. N, at 19° and 776 mm. N=15:29, 
Ethyl carbamate requires N = 15°73 per cent. 
Ethyl formylcarbamate requires N = 11°97 per cent. 

This indicates that the fraction is a mixture of about 88 per cent. 
ethyl carbamate and 12 per cent. ethyl formylcarbamate. The higher 
boiling fraction of the oil contains a larger percentage of the formyl 
derivative ; on cooling, it solidifies, and the solid, after removal of 
the easily fusible portion by pressing between filter paper and 
crystallisation from a mixture of ether and light petroleum, yields 
a further quantity of the formyl compound. 


Action of Ethyl Sodiocarbamate on Mustard Oils. 


Anhydrodiphenyldithiobiuretcarboxylic Acid, 
C,H;-NH-CS:N—CO 
C,H,N:C—S - 

Phenylthiocarbimide (135 grams) reacts with ethyl sodiocarbamate 
(obtained by dissolving 2°3 grams of sodium in a solution of 9 grams 
of ethyl carbamate in absolute ether) on keeping the mixture at the 
ordinary temperature for two days. The product of the reaction is 
poured into water, and the aqueous solution separated from the 
ethereal layer. The latter contains ethyl carbamate besides traces 
of phenylthiocarbimide. The aqueous solution, when treated with 
dilute sulphuric acid, yields a yellow solid, which is a mixture of 
carboxyethylphenylthiocarbimide, CO,Et*’NH-CS:NH-C,H,;, and 
anhydrodiphenyldithiobiuretcarboxylic acid, C,,H,,ON,S,; their 
separation is effected by shaking the ethereal solution of the mixture 
with sodium carbonate, which extracts the thiobiuret derivative. On 
evaporating the ethereal layer, a solid (3 grams) is left, which crystal- 
lises from dilute alcohol in colourless plates melting at 130°: 

01432 gave 15°8 c.c. N, at 20° and 760 mm. N=12°62. 

C,9H,,0,N,S requires N = 12°50 per cent. 

This substance is identical with the compound which Doran (/oc. cit.) 
obtained by the action of aniline on carboxyethylthiocarbimide, 
CNS-CO,Et. 

On adding dilute hydrochloric acid to the sodium carbonate solution 
of the mixture,a yellow solid (8 grams) is precipitated, which is 
readily soluble in ether or chloroform, sparingly so in cold, but readily 
so in boiling, alcohol, and, on cooling, crystallises in yellow prisms. 
These soften at 232° and melt and evolve gas at 234—235° : 

0:1802 gave 0:3794 CO, and 0:0590 H,O. C=57:-42; H=3°63. 

02115 ,, 24:4¢.c. N, at 18° and 775 mm. N=13°58. 

02053 ,, 0:3060 BaSO,. S= 20°46. 

0,;H, ,ON,S, requires C =57°51; H=3°51; N = 13°42; S= 20°44 percent. 
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The compound is scarcely attacked by dilute hydrochloric acid. I; 
dissolves in dilute sodium carbonate to yield a colourless solution, from 
which the yellow substance is precipitated on the addition of 
mineral acids. This behaviour is due to the formation of a colourless 
salt, which is produced, also, on adding dilute sodium hydroxide to the 
yellow solid. Complete decomposition, however, takes place if the 
substance is digested with the dilute alkali for half an hour on the 
water-bath, Phenylthiocarbimide, aniline, thiocarbanilide, carbon 
dioxide, and hydrogen sulphide were identified as the products which 
are formed. The compound ©,,H,,ON,S, is readily soluble in dilute 
ammonia, yielding a colourless solution which gives silver sulphide on 
the addition of silver nitrate. 


Anhydrodiallyldithiobiuretcarboxylic acid, 
C;H,-NH-CS:-N—CO 
C,H,-N:C—S ° 
This compound is prepared in the same way as the former by keep- 
ing the mixture of allyithiocarbimide and ethyl sodiocarbamate 
suspended in absolute ether for two days. On proceeding as in the 
previous case, a small quantity of a colourless substance was obtained, 
which is insoluble in sodium carbonate. This has not been further 
examined, but there can be no doubt that it is carboxyethylallylthio. 
carbimide, C,H,-NH-CS:NH:CO,Et. The solution of the product of 
the reaction in sodium carbonate, on the addition of dilute hydro- 
chloric acid, yields a yellow precipitate, which is readily soluble 
in ether or alcohol, and crystallises from dilute alcohol in pale yellow 
prisms ; these soften at 129° and melt at 132—133°: 
0°1933 gave 29°6 c.c. N, at 22° and 770 mm. N=17°57. 
C,H,,ON,S, requires N =17:43 per cent. 
This substance resembles in its behaviour the corresponding com- 
pound from phenylthiocarbimide ; like the former, it dissolves in 
sodium carbonate to yield a colourless solution. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. 


LVIL.—Analytical Investigation of Zirconium Metal. 
By E. Wepexinp, Ph.D., and S. Jupp Lewis, B.Sc., F.LC. 


ELEMENTARY zirconium is not yet known in a pure condition. 
Berzelius was the first to prepare the amorphous modification by 
the action of potassium on zirconium potassium fluoride, K,ZrFy 
but he made no statement whatever relative to the composition 
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of the products he obtained. Later T. L. Phipson (Compt. rend., 
1865, 61, 745), Clemens Winkler (Ber., 1890, 23, 2664; 1891, 
94, 888), as well as Dennis and Spencer (J. A mer. Chem. Soc., 1896, 
18, 673), have attempted to prepare zirconium by reduction of 
the dioxide with magnesium; Phipson again communicates no 
analytical data concerning the degree of purity of his zirconium, 
whilss Dennis and Spencer pronounce their product of reduction 
to be zirconium monoxide mixed with a little elementary zirconium. 

Winkler’s product contained about 80°7 per cent. of zirconium, 
and was essentially a mixture of zirconium hydride (ZrH,) and 
unchanged dioxide. Concerning crystallised zirconium, we have 
the reports of Troost (Compt. rend., 1865, 61, 109), Franz (Ber., 
1870, 3, 58), and Moissan (Compt. rend., 1893, 116, 1122), but 
even here the analytical examinations have not been altogether 
satisfactory, for the so-called crystallised zirconium of Troost has 
been shown to be an aluminium zirconide, ZrAl, (E. Wedekind, 
Keitsch. Elektrochem., 1904, 10, 331), and the product obtained by 
Troost (Compt. rend., 1893, 116, 1227) and Moissan by reduction 
of zirconium dioxide with carbon must have contained carbon or 
a carbide, since it was prepared in an electric-arc furnace with 
carbon electrodes. 

From this brief review, it is clear that the first condition for 
further investigation on the preparation of pure zirconium is to 
find suitable methods whereby one can ascertain accurately the 
quantitative composition of the products obtained by the various 
processes of reduction. Only in this way will it be possible to 
| guard against disturbing impurities in fresh attempts to obtain the 
metal. We have recently shown (E. Wedekind, in conjunction with 
8. Judd Lewis, Zeitsch. Chem. Ind. Kolloide, 1908, 2, 289) that 
the amorphous zirconium prepared by the Berzelius process contains 
only 36 per cent. of the free element, and that this value can be 
doubled by suitable precautionary measures. For the determination 
of the combined and uncombined zirconium, we have devised a 
special method, which serves also as a means of ascertaining directly 
the proportion of oxygen. Further, we have worked out methods 
for the determination of nitrogen and carbon which are described 
below ; also, reference is made to our experience with the drying of 
amorphous zirconium. 


Methods of Analysis. 


Oxygen.—Amongst our earlier investigations of the various forms 
of metallic zirconium, several determinations of the element were 
made, but always with a considerable difference from 100 per cent. 
With the amorphous variety, 15 or 16 per cent. had to be accounted 
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for, and in this we confirmed the observations of some other 
workers. By evaporating the colloidal solution, and still better 
by using the spontaneously precipitated colloid from a pure solution, 
we hoped for greater purity of the element, but the only satisfaction 
gained was an approximate constancy of the deficiency. With 
the impure metal after fusion there was no regularity of oxygen 
content, and it became very unsatisfactory to attribute the 
deficiency to oxygen without some positive evidence. In order to 
determine the oxygen directly, the metal was heated in dry chlorine 
free from oxygen and all other gases, as even carbon dioxide is 
decomposed by zirconium at higher temperatures, and nitrogen 
is absorbed by it with formation of the nitride. 

By this means, the free zirconium was converted into the volatile 
tetrachloride, ZrCl,, whilst the oxygen and the zirconium existing 
in combination therewith were left behind as zirconium dioxide. 

At first, some difficulty was experienced in obtaining a continuous 


stream of sufficiently pure chlorine, and in avoiding at the same 
time any possible entrance of air into the apparatus; Fig. I shows 
the arrangement finally adopted. In order to be sure that the 
zirconium itself (about 0°5 gram accurately weighed in the boat, A) 
and the combustion tube are quite free from moisture, it is desirable 
to heat them for a few minutes in a current of pure hydrogen, 
freedom from oxygen being further assured by passing the gas 
through alkaline pyrogallol (B) and sulphuric acid (C). In order to 
free the apparatus from air, the hydrogen was passed for an hour 
before applying heat, the gas escaping by the exit (D), the cock (B) 
being closed. 

Meanwhile the pipette (7) is raised above the surface of the 
concentrated sulphuric acid contained in the trap (G), and pure 
concentrated hydrochloric acid is allowed to drop from the funnel 
(H) on to pure potassium permanganate crystals contained in the 
flask (Z), which is cooled by water in the bath (J). 
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Chlorine is generated, and the flow can be regulated by adjusting 
the supply of acid. If necessary, at a later stage, when the 
ermanganate is exhausted, the flask may be warmed, and more 
chlorine will be evolved; but it is better to start with sufficient 
permanganate to avoid this; 15 grams per hour is a safe allowance. 
The gas is allowed to escape for half an hour through (G@, F) and the 
reservoir flask (X) into the open air. The object of the flask (X) is 
to provide an atmosphere of pure chlorine in the event of any 
irregularity in the supply of chlorine, or of a too rapid absorption 
of chlorine by the zirconium. The pipette (/) is then lowered, the 
cock (Z) is opened, and for another half-hour the gas escapes through 
the apparatus (J/) and (1), containing concentrated sulphuric acid. 
By this time, the whole apparatus, which is of small capacity, may 
be considered to be free from air. Blank tests with hydrogen, not 
purified by pyrogallol, showed that all air is removed in less than 
half the above time; also, experiments carried out with tin in place 
of zirconium, under conditions identical with those now described, 
proved absolute freedom from air. 

The question of the purity of chlorine generated from potassium 
permanganate and concentrated hydrochloric acid was considered, 
and has been fully dealt with (Proc., 1909, 25, 59). The only 
reason for preferring the permanganate method is that a regular 
stream of chiorine can be maintained for a long time, whereas with 
pure manganese dioxide it is much more difficult to control the 
flow and to maintain it sufficiently constant for the necessary time. 
After cooling in hydrogen, if desired, the boat can be re-weighed 
to ascertain the proportion of moisture, the hydrogen being con- 
tinuously passed until one wishes to employ the chlorine. The 
tube must be quite cold before passing the chlorine, as otherwise 
explosion with the residual hydrogen may occur.* The cocks (Z) and 
(0) are then closed, and (P) is opened. After a few minutes, (D) is 
closed, (#) opened, and the boat gently heated. Very soon the 
zirconium burns brightly in the chlorine, and a dense sublimate 
of zirconium tetrachloride, ZrCl,, is deposited in the tube. 

The progress of the reaction is regulated as much as possible by 
the application of heat. By increasing the heat, the sublimate is 
driven forward to the cool part of the tube at (@Q), whilst finally 
the boat is maintained for some time at the full temperature of the 
furnace in order to volatilise all tetrachloride. The \-tube (2), 
containing 10 per cent. hydrochloric acid and surrounded by ice, 
acts as a trap for escaping vapour of the tetrachloride.t 

* This happened on two occasions when working with amorphous zirconium ; in 
the first instance the temperature of the tube was judged to be about 60°, and in 


the second not more than about 40°. 
t+ The low temperature and the presence of the acid prevent any sensible quantity 
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When cold, the boat containing the oxygen as zirconium dioxide 
is weighed, and the proportions of oxygen and oxidised zirconium 
are calculated. The tetrachloride is washed out of the combustion 
tube and the trap (2), precipitated by ammonia, and weighed as 
dioxide, whence the zirconium existing in the free state in the im- 
pure metal can be determined. This simple method does not always 
give sufficiently accurate results, because occasionally a little oxide 
is thrown out of the boat on account of the vigour of the reaction, 
and also because the oxide in the boat sometimes contains a little 
chloride and loses weight on heating strongly. It is, therefore, 
usually necessary to filter the solution of zirconium oxychloride 
(formed by interaction of the tetrachloride with water) through 
an ashless filter, wash, throw the oxide in the boat on to the same 
filter and wash thoroughly, then to determine the zirconium in 
the two parts as before. 

Zirconium.—From simple solutions of zirconium salts, the 
zirconium can be completely precipitated by ammonia, provided a 
large excess of the reagent and a little ammonium chloride be 
employed ; the latter assists the precipitate to form and to filter 
more quickly. With dilute ammonia and the fixed alkalis, the 
separation is not always complete. To the solution, half its volume 
of the strongest solution of ammonia and one per cent. of ammonium 
chloride are added, then the liquid is warmed and set aside for two 
or three hours or overnight. In 300 c.c. of the filtrate, from 
which 0°6 gram of zirconium dioxide had separated, the loss was 
less than 0°0001 gram. 

Drying, etc.—Instead of drying the amorphous and colloidal 
substances in hydrogen, as described above, one can with advantage 
use the following simple apparatus and dry in a vacuum. A boat 
containing a known weight of the substance is placed in a horizontal 
Jena glass test-tube into which is fitted a stopcock connected with 
a good pump. This test-tube and a thermometer are fixed through 
a cork into a larger test-tube sheathed in asbestos paper, and placed 
on the top of the tiles of a combustion furnace. A temperature 
of 200°, or nearly that, is necessary for complete dehydration. 
The apparatus works well within the limits of the mercurial 
thermometer, and, by using a three-way cock, various gases and 
vapours may be introduced into the reaction tube, and their 
influence on zirconium at known temperatures watched with con- 
venience. 

Nitrogen.—The sum of the zirconium and oxygen did not usually 


of water vapour being drawn into the combustion tube in the event of the pressure 
diminishing, due to a too rapid absorption of the gas. This, however, rarely 
happens, and never to any significant degree. 
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account for all, and then it was found that considerable quantities 
of nitrogen were also present, whilst occasionally other elements 
were found. The presence of nitrogen is very readily ascertained 
by heating a little of the metal with moistened solid alkali hydroxide 
perfectly free from nitrogen in any form, and testing the vapour 
evolved for ammonia. Unfortunately, nearly all samples of alkali 
contain nitrates or nitrogen in some other form, except those of 
sodium hydroxide prepared from sodium ; hence it is generally more 
practical to heat a few milligrams of the powdered zirconium in 
concentrated sulphuric acid for five minutes, and, when cold, to 
dilute and warm with excess of alkali, testing the vapour given 
off for ammonia. 

For quantitative work, the finely powdered zirconium is placed 
in a flask, and a few c.c. of concentrated sulphuric acid are added. 
The mixture is heated cautiously, as the reaction may suddenly 
become somewhat violent. When all the metal is combined and the 
nitrogen converted into ammonia, water and alkali are added, and 
the ammonia distilled into a known quantity of standard acid in 
the usual way. There is sometimes considerable difficulty in com- 
pleting the reaction; indeed, it may not be finished after two or 
three days’ heating. A much more convenient method is to dissolve 
the substance in a mixture of sulphuric and hydrofluoric acids and 
distil this solution with alkali as before. 

Carbon.—In view of combined carbon having entered into the 
mixture from which specimen “B” was prepared, it became 
necessary to ascertain the quantity of this element should it be 
present. As zirconium and carbon burn so readily and completely 
in oxygen, and as their oxides are so easily separated, a method 
of ordinary combustion appeared to be the most suitable, provided 
the extreme violence of the combustion of the metal in oxygen 
could be moderated sufficiently. Finally, the following method 
was devised, and found to work with constancy and accuracy. The 
zirconium was heated in a vacuum in a combustion tube, and 
oxygen introduced so gradually as to allow the metal to burn quite 
quietly. Fig. II shows the apparatus employed. 

Pure oxygen, as for an ordinary combustion, is supplied through 
the cock (b) and made to fill the tube, then the cocks (b) and (c) 
are closed, and the whole apparatus between these points is 
thoroughly exhausted by means of the pump, the three-way cock (a) 
being repeatedly turned. The pump is now shut off, and the 
cock (a) left open to the apparatus in both directions. Then the 
copper spiral (d) is heated, and also the zirconium (very finely 
powdered) in the boat (e). The latter should be heated sufficiently 
to cause it to ignite readily in oxygen at a low pressure. Very 
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cautiously the oxygen is allowed to enter—five or six bubbles at a 
time. When about fifteen or twenty bubbles have passed, the 
zirconium begins to glow, although the capacity of the apparatus 
between the cocks (2) and (c) is about 300 c.c. A very slow, regular 
current of oxygen may now be started, and the rate increased as 
the reaction moderates, until the pressure of the oxygen is equal to 
that of the atmosphere. Two or three drops of sulphuric acid in 
the tube (f) serve to indicate the direction of the pressure on 
cautiously turning the cock (c). While the oxygen is at atmospheric 
pressure the tube is heated to full redness for fifteen minutes, 
The combustion takes about one hour. The 200 c.c. separator (y) 
is introduced to increase the capacity of the apparatus, thus keeping 
the pressure of oxygen under better control, and to draw over 
more oxygen. The furnace is now stopped, purified air is supplied 
instead of oxygen, the cocks (b) and (c) are opened, and abouta 
litre of air is slowly drawn through the apparatus by means of 
the aspirator; finally, the potash bulbs (/) are weighed, and the 
weight of carbon dioxide ascertained. The tube (7) contains pumice 
stone moistened with sulphuric acid, as for an ordinary combustion. 


This should be unnecessary ; but, in view of the very small quantity 
of carbon to be determined, it is imperative to secure the removal 
of the least trace of moisture from the gas. The copper spiral is 
probably not required, but, as a precaution, it was introduced to 
decompose any oxides of nitrogen which might be formed from 
the oxygen gas and the nitrogen combined with the metal. 

From 0°3954 gram of metal, 0°0013 gram of carbon dioxide 
was produced, equivalent to 0°089 per cent. of carbon. From 
0°5197 gram of another piece of the same sample of metal, 0°0015 
gram of carbon dioxide was obtained, equivalent to 0°079 per cent. 
of carbon. In one blank experiment, the potash bulbs lost 0°0002 
gram, and in another, they gained 0°0001 gram. 

During the combustion of the zirconium, although the pressure 
of oxygen was so small, the metal burnt along the boat very 
gradually, so that the portion at the front was scarcely altered in 
appearance when that at the back and in the middle of the boat 
was already burnt. The contents of the boat increased enormously 
in bulk and swelled up in cloud-like rolls. 

At first, trials were made with absorption tubes containing solid 
potassium hydroxide or soda-lime in the vacuum system, but this 
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arrangement was useless, because the absorbent lost greatly in 
weight under these conditions. 

Hydrogen.—The apparatus shown in Fig. II, omitting the tube 
({), has also been used for the determination of water, and hydrogen 
in other forms, in amorphous zirconium with approximately satisfac- 
tory results. Two examinations of the same sample gave the follow- 
ing results: 0°1742 gram of amorphous zirconium was dried in a 
vacuum in the manner described above, and then a combustion of 
the dried substance by the carbon method was made. 0°0072 gram 
(=4'133 per cent.) of water was found in the drying, and 0°0035 
gram of water (=0°239 per cent. of hydrogen) in the combustion. 
0:1918 gram of undried substance was then treated by the com- 
bustion method; 0°0109 gram (=5°683 per cent.) of water was 
obtained, which, after subtracting 4°133 per cent. of water, leaves 
0'172 per cent. of hydrogen. 0°096 per cent. of carbon was also 
found. 

Several specimens of zirconium which had been melted in a 
vacuum electric furnace have been obtained and examined. The 
results vary somewhat among themselves; but this is due partly to 
difference in the substance before fusion, sometimes to an imperfect 
vacuum in the furnace, and also probably to variation in tempera- 


ture and manipulation of the furnace. 
The table shows some of the figures obtained : 


Zr obtained 
r Nitro- Mag- Total, 
asZrCl,, asZrO,. Total. Oxygen. gen. Carbon.  nesium. per cent. 


11°70 95°55 4°14 = absent — — 99°69 
17°49 91°19 6°17 2°02 0°084 0°28 99°744 
91°38* 6:17 2°02 0°084 0°28 99°934 
25°41 88°42 8°97 1°55 — — 98°94 
53°68 78°47 =—18°95 much -- — 97°42 +N 


* By solution and precipitation. 


A was bought from de Haen. 

B was prepared by reduction of zirconium dioxide with mag- 
nesium at a high temperature, and afterwards melted in a vacuum 
electric furnace at the works of Messrs. E. de Haen, of Seelze. 

C. Amorphous zirconium prepared by us under special pre- 
cautions by the Berzelius process, and afterwards melted in a 
vacuum electric furnace by Messrs. Siemens and Halske, of Berlin. 
Much ash remained behind, and the fusion was repeated four or 
five times; in this way much of the oxide was removed. 

D was prepared by the Berzelius process and subsequent fusion, 
at an earlier date than C. 


TésincEN UNIVERSITY AND 
Lonpon, S.E. 


464 CHATTAWAY: THE PREPARATION OF DICHLOROCARBAMIDE, 


LVIUI.—The Preparation of Dichlorocarbamide. 
By Freperick Danie, CHATTAWAY. 


Tue author has recently shown (Proc. Roy. Soc., 1908, A, 81, 381) 
that when a solution of carbamide in water is acted on by chlorine, 
two of its hydrogen atoms are replaced by halogen, and dichloro. 
carbamide, NHCl-CO-NHCI, is formed. 

If the chlorine is passed rapidly into a sufficiently concentrated 
solution, dichlorocarbamide crystallises out in thin, colourless plates, 
as it is much less soluble in water than the parent substance. The 
yield, however, is not good, even if the operation is carried out at 
a low temperature and as rapidly as practicable, the amount of 
dichlorocarbamide obtained thus never exceeds 25 per cent. of 
the quantity which should be furnished by the carbamide used, 
and is frequently much smaller, especially if the duration of the 
experiment has been unduly prolonged. 

The loss is due mainly to hydrolysis of the dichlorocarbamide, 
which is much accelerated by the hydrogen chloride formed in the 
reaction : 

NH,*CO-NH, + 2Cl, = NHCl-CO-NHC1+ 2HCI1. 

In this hydrolysis and the subsequent action of chlorine on 
the primary products, nitrogen chloride is formed, and can be 
recognised by its characteristic odour and the extraordinarily 
irritating quality of its vapour. As this nitrogen chloride is not 
only liberated during the passage of the chlorine, but is frequently 
found soaking the crystals of dichlorocarbamide when they are 
collected, the preparation of the latter may be a very disagreeable, 
although in no way a dangerous, operation.* 


* A very exaggerated idea of the danger of carrying out any operation in which 
nitrogen chloride is produced appears to be widely held, chiefly owing to Faraday’s 
graphic description of a slight accident which befell him when experimenting with 
the substance before its properties were properly understood. In clean vessels 
and at the ordinary temperature considerable quantities of nitrogen chloride can be 
made either by the slow hydrolysis of dichlorocarbamide in aqueous solution, or by 
passing chlorine into an aqueous solution of an ammonium salt, without the 
slightest risk if ordinary precautions are taken. I have found it most convenient to 
prepare liquid nitrogen chloride by passing a slow stream of chlorine into a 20 per 
cent. solution of ammonium acetate through a tube reaching not quite to the bottom 
of the vessel. The nitrogen chloride then collects in a layer beneath the liquid, and 
can be washed by decantation and manipulated in quantities of 5 ¢.c. or thereabouts 
without risk. To render it perfectly safe, however, it may be diluted with two or 
three times its volume of chloroform,'unless the presence of the latter is inadmissible. 

Nitrogen chloride is very volatile in a current of air, and if the vapour only is 
needed, this can rapidly be drawn off and led through any desired solution by 
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If the hydrogen chloride set free in the reaction be removed as 
it is formed, so that the liquid is never strongly acid, this hydrolysis 
is to a large extent prevented, and a yield of dichlorocarbamide 
approaching the theoretical can be obtained, the loss under such 
conditions being chiefly due to the solubility of the compound in 
water. 

The substance which has been found most effective for this 
purpose is zinc oxide. By the following procedure more than 
75 per cent. of the theoretical yield of pure, dry, well-crystallised 
dichlorocarbamide can be obtained. 

Six grams of carbamide are dissolved in 50 c.c. of distilled 
water, and 10 grams of finely divided zinc oxide are added. The 
mixture is cooled to —5° or thereabouts in a freezing mixture, 
and a rapid stream of chlorine passed through the liquid. If 
the operation is carried out in a small flask, and this is well 
shaken in the freezing mixture during the passage of the gas, the 
temperature does not rise above zero. The zine oxide quickly 
dissolves, and a clear liquid results, from which in a very short time 
crystals of dichlorocarbamide begin to separate. When the liquid 
has become a thick pulp from the separated solid, and crystals 
appear no longer to separate, the dichlorocarbamide is rapidly 
collected by the aid of a pump, washed twice with 5 c.c. of ice-cold 
distilled water, and then several times with dry chloroform. The 
latter, in which dichlorocarbamide is only very slightly soluble, 
removes most of the adhering moisture. Ten grams of dichloro- 
carbamide are invariably obtained thus as a soft, white, crystalline 
powder. This yield is 77°5 per cent. of the theoretical. 

The crystalline dichlorocarbamide thus obtained is pure, save 
for a scarcely recognisable amount of zinc chloride retained by 
the traces of mother liquor. For many purposes, the solid, simply 
filtered off or dried thus with chloroform, may be employed. The 
last traces of moisture can be removed by exposure in a vacuum 
for a short time over phosphoric oxide. A specimen thus obtained 
and dried gave the following numbers on analysis: 

0'3389 liberated I=104°2 c.c. W/10-iodine. Cl as -NC1=54°49. 

CH,ON,Cl, requires Cl as -NC1=54°96 per cent. 

In order to ascertain how far the loss still observed is due to 
hydrolysis and how far to the dichlorocarbamide formed remaining 
dissolved in the mother liquor, an estimation of the solubility of 
the compound in water at 0° was made. An excess of dichloro- 


bubbling a stream of air through the water or ammonium acetate solution containing 
the liquid nitrogen chloride in suspension. In working with nitrogen chloride the 
effects of its vapour on the eyes and lungs, which are very painful and do not 
pass off for days, are far more to be feared than an explosion. 

VOL. XCV. H H 
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carbamide was shaken for an hour with distilled water in a thermo. 
stat at 0°. A known weight of solution was then filtered off, and | 
the amount of dissolved dichlorocarbamide was estimated by adding 
excess of hydriodic acid and titrating the iodine liberated by 
standard thiosulphate. It was found that 100 grams of water at 
0° dissolve 4 grams of dichlorocarbamide. 

This determination of the solubility cannot lay claim to vey 
great accuracy; indeed, this is impossible, since hydrolysis slowly 
goes on during the time taken by the operation, and at the end of 
the hour’s shaking nitrogen chloride can be recognised by its odour, 
but still it is sufficiently exact for the purpose. Since from six 
grams of carbamide 10 grams of dichlorocarbamide can be obtained 
by the procedure above described, the difference between this 
amount and the theoretical yield of 12°9 grams, that is, 2°9 grams 
has to be accounted for. Of this, 2°4 grams are held in solution in 
the mother liquor, assuming that the solubility of dichlorocarbamide 
in a dilute solution of zinc chloride does not differ markedly from 
its solubility in water ; only about half a gram, therefore, undergoes 
hydrolysis during the process. 


University CHEMICAL LABORATORY, 
OxFoRD. 


LIX.—The Alkaloids of Senecio latifolius. 
By Henry Epear Wart, D.Sc. (Dunelm.). 


On account of the alleged poisonous effects on cattle, a number of 
plants from Cape Colony are being investigated in the Scientific and 
Technical Department of the Imperial Institute at the request of 
the Government of Cape Colony. Among these is Senecio Jatifoliu 
(N.O. Compositae), a plant of common occurrence in certain parti 
of Cape Colony and the Transvaal. It is described by Cheesema 
(Manual of New Zealand Flora, 1906, 374) as “a tall, erect, much- 
branched glabrous herb, two to four feet high ; stem, flexuous, grooved. 
Leaves, membraneous, two to eight inches long, very variable it 
shape.” 

Several members of the Senecio, or “‘ Ragwort,” genus have, from 
time to time, been proved to have caused the death of cattle, thus 
suggesting the presence of a toxic constituent. In the Annual Repu 
of the New Zealand Department of Agriculture (1902, 300) an accoutl 
is given of the occurrence of ‘‘ Winton disease” in horses and cattle 
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and this disease, in reality acute cirrhosis of the liver, is shown to be 
due to the consumption of Senecio jacoboeus. In the Cape Agricultural 
Journal (1904, 675), the administration of Senecio Burchellii to cattle 
is shown to have brought about all the symptoms of “ Winton 
disease,” and ultimately to have caused death. Finally, the Director 
of Agriculture for Cape Colony (Report, 1906, 41), referring to an 
outbreak of the same disease, says, “I have no doubt the cause is due 
to some plant or plants which are eaten, and which produce the action 
slowly,” and adds that Senecio latifolius, a plant which has been 
experimentally proved to kill horses, grows profusely throughout the 
area, 

In chemical literature, the only record of a chemical examination 
of members of the Senecio genus is contained in a paper by Grandval 
and Lajoux (Compt. rend., 1895, 120, 1120). These authors state 
that they have made an examination of Senecio vulgaris (the common 
groundsel) and have obtained from it two new alkaloids, to which 
they give the names senecionine and senecine. The former, to which 
they assign the formula C,,H,,0,N, is stated to crystallise in rhombic 
plates, and to have a rotatory power of [a], — 80°49’. No other data 
regarding it are given, and no crystalline salts were prepared. The 
second alkaloid, which was not obtained in a crystalline state and 


to which a formula is not given, is stated to form an acid tartrate 
and to be’ more soluble in ether and more bitter than senecionine. 

The materials used in the present investigation consisted of two 
small supplies of Senecio latifolius received from the Agricultural 
Department of Cape Colony, one being collected before flowering, 
and the other after flowering. 


EXPERIMENTAL, 


Preliminary Examination.—Small portions of each sample of the 
coarsely-powdered plant were submitted to a systematic preliminary 
examination with a view to ascertain whether, or not, any substances 
of a glucosidic, phenolic, or resinous character, and likely to be 
physiologically active, were present ; this work gave negative results, 
and attention was therefore directed to a search for alkaloids, The 
method adopted was. that usually employed for the extraction of 
alkaloids, namely, the substance was exhausted with alcohol, the 
alcoholic extract distilled to remove alcohol, and the residue extracted 
with dilute acid; the acid solution was rendered alkaline with 
ammonia and extracted with chloroform, and finally the chloroform 
solution was distilled to dryness. When treated in this manner, both 
samples of the plant yielded dark-coloured, varnish-like residues, 
Which were basic in character, and gave the usual alkaloidal reactions ; 

H H 2 
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thus, with Mayer’s reagent, a solution of the residue in dilute hydro. 
chloric acid gave a white, flocculent precipitate, soluble in exces 
of the reagent; with Wagner’s reagent, a similar acid solution 
gave a brown, crystalline periodide ; and with gold chloride, a canary. 
yellow precipitate was obtained. In the case of Senecio latifoliy 
‘before flowering,” the yield of crude alkaloidal residue amounted 
to 1:72 per cent., whilst in that of the “after flowering” sample it 
amounted to 0°76 per cent. These residues were subsequently 
dissolved in dilute acid, the solution so obtained rendered alkaling 
with ammonia and extracted with ether ; on removal of the ether by 
distillation, they were obtained almost colourless, but still amorphous, 
and the weights of the purer materials represented percentages of 
1:20 and 0°49 respectively on the two samples. 


Zsolation of an Alkaloid. 


The whole quantity of each of the two samples of the plant 
was now coarsely powdered and separately exhausted with cold 
alcohol (95 per cent.) by percolation. As it was ultimately found 
that both samples contained the same alkaloids, a description of -the 
methods adopted for the treatment of one of them will suffice. 


The alcohol was removed from the alcoholic extract by distillation 
under diminished pressure, and the residue, when cold, treated with 
two per cent. hydrochloric acid. The acid solution was filtered and 
thoroughly shaken with ether, in order to remove colouring matter, 
etc. ; it was then rendered alkaline with ammonia, and the alkaline 
liquor extracted with successive quantities of chloroform, The 
solution in chloroform was now extracted with 2 per cent. hydro- 
chloric acid, and the acid solution so obtained was rendered alkaline 
with ammonia and shaken with chloroform. This solution in 
chloroform was washed with a small quantity of water, in order 
to remove traces of alkali, and, after removal of the solvent by 
distillation, the alkaloidal substance was obtained as a yellowish 
brown, varnish-like mass. 

The crude alkaloidal residue was neutralised exactly with one pe 
cent. nitric acid ; this solution was filtered and allowed to evaporate 
in a vacuous desiccator, by which means fine white crystals, togethet 
with a certain amount of non-crystalline matter, were obtained 
The whole was dissolved in hot absolute alcohol, and, on cooling, 
crystals of a nitrate separated; after four crystallisations from 
absolute alcohol, the nitrate was obtained in colourless, elongated, 
rhombic prisms melting and decomposing at 240°. 

The nitrate was dissolved in water, the solution rendered alkaline 
with ammonia, and extracted with ether. The ethereal solution ws 
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washed with a little water to remove traces of alkali, and dried over 
anhydrous sodium sulphate; the solvent was then removed by 
distillation, and a colourless, varnish-like residue remained. On 
dissolving this residue in chloroform and cautiously adding light 
petroleum, the free base separated in colourless, rhombic plates, It 
is proposed to name this alkaloid senecifoline. 


Properties of Senecifoline. 


Senecifoline is soluble in chloroform, ether, or alcohol, but is practi- 
cally insoluble in light petroleum or water; it possesses a slightly 
bitter taste. With sulphuric acid, sulphuric acid and manganese 
dioxide, or with nitric acid, it gives no coloration. When, however, a 
drop of ferric chloride solution, and subsequently a drop of potassium 
ferricyanide solution, are added to an aqueous solution of the nitrate 
of the base, a greenish-blue coloration is obtained. Senecifoline darkens 
slightly when heated to 190°, and melts at 194—195°. 

A solution of the alkaloid in alcohol is dextrorotatory. Determina- 
tions of the specific rotation were made in a Laurent’s half-shadow 
polarimeter, and gave the following result as the mean of six 
readings : 

a™) = + 1°%’,¢ = 3°85, 2 = 1-dem.; whence [a]p + 28°8’. 

When heated at 105°, 0°1718 lost 0:0008 ; the alkaloid therefore 
crystallises uncombined with its solvent. Analysis of the free base 
gave the following results : 

0'1060 gave 0°2187 CO, and 0:0667 H,O. C=56:'2; H=7°0. 

01258 ,, 4°36 c.c. N, (moist) at 20° and 766 mm. N=4°0. 

C,,H,,O,N requires C=56'1 ; H=7°0; N =3°7 per cent. 

Perkin’s modification of Zeisel’s method for the determination of 
methoxyl groups (Trans., 1903, 83, 1367) was applied to the alkaloid, 
but no indication of the presence of such groups could be obtained ; on 
cooling, however, a crystalline substance was seen to have separated 
from the hydriodic acid. This was collected and recrystallised from 
absolute alcohol, when white crystals melting at 210° were obtained. 
The amount of substance so obtained was too small to allow of further 
investigation, but, as will be evident later, it did not consist of the 
hydriodide of the base. 

If an aqueous solution of the nitrate of the base is rendered alkaline 
with sodium hydroxide, the free base can be obtained by extracticn 
with ether and subsequent removal of the ether by distillation ; hence 
it follows that the alkaloid does not contain any phenolic hydroxyl 
groups, 
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Salts of Senecifoline. 


Senectfoline nitrate is prepared by neutralising the crude alkaloidal 
residue with one per cent. nitric acid as previously described ; the 
solution is allowed to evaporate spontaneously in a vacuous desiccator, 
and the pure nitrate is obtained from the residue by recrystallisation 
from absolute alcohol until the melting point is constant. It crystallises 

‘in colourless, elongated, rhombic prisms, and melts and decomposes at 
240°.. It is fairly soluble in cold, and very soluble in hot, water; it 
dissolves in hot absolute alcohol, but is very sparingly soluble in the 
cold solvent ; it is insoluble in ether, chloroform, or light petroleum, 

A solution of the salt in water is levorotatory. The following result 
is the mean of six readings : 

a'20) — 0°30’, c=3'165, /=1-dem. ; whence [a], — 15°48’, 

When heated at 100—105°, 0°3190 lost 0°0020; the salt 
therefore crystallises uncombined with its solvent. 

Senecifoline hydrochloride was prepared by dissolving the pure base 
in sufficient dilute hydrochloric acid to produce a neutral solution, and 
allowing this to evaporate in a vacuous desiccator, when a white, 
crystalline residue was obtained. This was dissolved in hot absolute 
alcohol, and caused to crystallise by the addition of sufficient ether 
to make the solution slightly cloudy ; after some time, crystals of the 
hydrochloride separated in fine white needles, which melted and 
decomposed at 260°. Senecifoline hydrochloride is much more soluble 
in water or alcohol than the nitrate ; it resembles the latter, however, 
in that it is quite insoluble in ether, chloroform, or light petroleum. 
A solution of the salt in water is levorotatory ; the following result 
is calculated from the mean of six readings: 

a2) — — 0°13’, c=1:08, 7=1-dem. ; whence [a]p — 20°. 

When heated at 100—105°, 0:0748 lost 0°0003; the salt therefore 
crystallises uncombined with its solvent. 

Senecifoline hydriodide was obtained as a white, crystalline precipitate 
by the interaction of the nitrate and potassium iodide in aqueous 
solution ; it was collected, washed with a little water, dried, and 
recrystallised from absolute alcohol. The hydriodide thus prepared 
crystallised in flat plates—probably monoclinic—and melted ant 
decomposed at 246°; it is much less soluble in water or alcohol than 
the nitrate. 

Senecifoline aurichloride.—By the addition of an aqueous solution of 
gold chloride to an aqueous solution of senecifoline hydrochloride 
acidified with hydrochloric acid, a bright canary-yellow, amorphous 
precipitate was obtained. The salt was collected, washed with water 
until free from acid, and dried in a vacuous desiccator. It was readily 
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obtained in golden, lath-shaped crystals—probably belonging to the 
rhombic system—by recrystallisation from absolute alcohol. As thus 
prepared, it crystallises with one molecule of alcohol, as shown by the 
following determination : 


0:2455 lost, at 105°, 0°0142. C,H,O=5°78. 
O,,H,,O,N,HAuCl,,C,H,O requires C,H,O = 5-96 per cent. 
The salt, dried at 105°, melts and decomposes at 220°. 

A known weight of the aurichloride, dried at 105°, was suspended 
in water, and hydrogen sulphide passed through the liquid until the 
whole of the salt was decomposed. The sulphide was collected, dried, 
ignited, and the gold weighed as metal : 


02940 gave 0°0787 Au. Au=26°77. 


Another portion of the salt, dried at 105°, was directly ignited and 
gave the following result : 


0'1160 gave 0°0313 Au. Au= 27°16. 
C,,H,,0O,N,HAuCl, requires Au = 27°17 per cent. 


Decomposition of Senecifoline by Alkali. 


An experiment was made to ascertain whether, or not, senecifoline 
could be hydrolysed in two stages in the same manner as indaconitine 
(Dunstan and Andrews, Trans., 1905, 87, 1620). The pure base 
(0'3850 gram) was dissolved in the requisite amount of V/10-sulphuric 
acid to form the neutral sulphate, and the solution was heated in a 
sealed tube to 125—130° for six hours. After cooling, the contents 
of the tube gave a neutral reaction ; the solution was rendered alkaline 
with ammonia, and extracted with ether; the ethereal solution was 
then distilled, when practically the whole of the pure base was 
recovered. This was converted into the nitrate, which, by determina- 
tio of the melting point and specific rotation, was found to be 
identical with senecifoline nitrate. No hydrolysis had therefore been 
effected. 

Another portion of the pure base (2 grams) was dissolved in 50 c.c. 
of absolute alcohol, and 4 c.c. of a 40 per cent. solution of sodium 
hydroxide were added. After twenty-four hours, the liquid was 
neutralised with hydrochloric acid, and the alcohol removed by 
distillation under diminished pressure ; the residue was dissolved in a 
small quantity of water, the solution acidified with hydrochloric acid 
and extracted with ether, and the ethereal solution washed with a little 
water, dried, and concentrated to a small bulk by distillation. On 
standing, colourless crystals gradually separated from the solution. 
The substance so obtained was shown to exhibit acidic properties, and 
the name senecifolic acid is suggested for it. 
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Properties of Senecifolic Acid. 


Senecifolic acid is soluble in chloroform, ether, or alcohol, Sparingly 
so in water, and insoluble in light petroleum. It possesses a slightly 
acid taste, crystallises in colourless, six-sided plates belonging to the 
rhombic system, and melts at 198—199°. A solution of the acid 
in alcohol is dextrorotatory. The following result is the mean of six 
readings : 

a2 — +0925’, c= 1468, 7=1-dem. ; whence [a], + 28°22’, 

When heated at 105°, 0°1488 lost 0°0020; the acid therefore 
crystallises uncombined with its solvent. 

Senecifolic acid does not contain nitrogen. On analysis : 

01922 gave 0°3642 CO, and 01220 H,O. C=51°68; H=7:05, 

C,,H,,0,; requires C=51‘72; H=6°9 per cent. 

By the addition of an aqueous solution of silver nitrate to an aqueous 
solution of the sodium salt of senecifolic acid, prepared by neutralising 
the acid with sodium hydroxide, a white, flocculent precipitate of the 
silver salt was obtained. This was sparingly soluble in hot water, and 
crystallised in needles on cooling. The salt was collected, washed with 
water, and dried in a vacuous desiccator. On ignition : 

0°1514 gave 00724 Ag. Ag=47°82. 

C,,H,,0O,Ag, requires Ag = 48°43 per cent. 

By titration of the free acid with W/10-sodium hydroxide, using 
phenolphthalein as indicator, the following result was obtained : 

0°1203 required 9°25 c¢.c. Na=17°6. 

C,,H,,0, requires Na = 20-0 per cent. 

The end reaction was exceedingly indefinite. 

The molecular weight of senecifolic acid was determined by the 
cryoscopic method : 

0°1455 in 11-0807 glacial acetic acid gave At= — 0°190°. M. W. = 268, 

C,,H,,0, requires M.W. = 232. 

When a drop of a one per cent. solution of potassium permanganate 
is added to a neutral solution of the sodium salt of the acid, no 
immediate decoloration takes place ; hence senecifolic acid does not 
appear to contain an ethylenic linking, and, in view of this fact, it is 
probably a monocyclic dihydroxydicarboxylic acid. Moreover, since 
no dibasic acid of the formula C,,H,,0,, and possessing the pro 
perties referred to above, has been previously described, senecifolic 
acid must be regarded as a new substance. 

The acid solution which remained after the extraction of senecifolic 
acid and contained the remaining product of hydrolysis, was rendered 
alkaline by sodium hydroxide and extracted with chloroform ; the 
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chloroform was then evaporated, but no residue was obtained. Thus 
it was proved that hydrolysis of the original base was complete, and 
that the hydrolytic base was too soluble in water to be extracted by 
chloroform ; in this respect it resembles other bases obtained by the 
hydrolysis of alkaloids of the ester type, such as ecgonine from cocaine 
and aconine from aconitine. 

The alkaline liquid was then neutralised with hydrochloric acid, and 
evaporated to dryness under diminished pressure ; the dry residue, 
which contained a considerable amount of sodium chloride, was 
extracted with three or four successive portions of absolute alcohol, 
and the solution was evaporated in a vacuous desiccator. By this 
means, crystals of a hydrochloride were obtained, and it is proposed to 
name the corresponding base senecifolinine. 


Properties of Senecifolinine Hydrochloride. 


Senecifolinine hydrochloride is readily soluble in water or alcohol, 
but insoluble in chloroform, ether, or light petroleum. On recrystal- 
lisation from absolute alcohol it is obtained in colourless, rhombic 
prisms melting at 168°. 

A solution of the salt in water is levorotatory : 

a”) = — 0°11’, c=1°455, 7=1-dem. ; whence [a], — 12°36’. 

When heated at 105°, 0°1536 lost 0°0020 ; the salt therefore crystal- 
lises uncombined with its solvent. 

On analysis, the following result was obtained : 

01565 gave 0°2864 CO, and 01022 H,O. C=49°9; H=7:2. 

C,H,,0,N,HCl requires C= 50°66 ; H = 6°33 per cent. 

The figure for hydrogen is somewhat high, but this may be explained 
by the fact that the salt is hygroscopic. 

By titration of a solution of senecifolinine hydrochloride with W/10- 
silver nitrate, the following result was obtained : 

00378 required 2°0 c.c. C,H,,0,N,HCl requires 2:0 c.c. 


Other Salts of Senecifolinine. 


Senecifolinine nitrate was prepared by adding the theoretical 
quantity of an aqueous solution of silver nitrate to an aqueous 
solution of senecifolinine hydrochloride. After removing silver 
chloride, the solution was evaporated to dryness in a vacuous desic- 
cator. The nitrate thus obtained was extremely hygroscopic, and 
could not be obtained in a definite crystalline form. 

Senecifolinine aurichloride.—By the addition of an aqueous solution 
of gold chloride to an aqueous solution of senecifolinine hydrochloride 
acidified with hydrochloric acid, a bright canary-yellow, crystalline 
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precipitate was obtained. The salt was collected, washed with water 
until free from ‘acid, and dried in a vacuous desiccator. The auri- 
chloride was obtained in elongated, rhombic prisms by cautiously 
adding light petroleum to its solution in absolute alcohol. Seneci- 
folinine aurichloride is much more soluble in water or alcohol than 
the corresponding salt of senecifoline, and is insoluble in light 
petroleum. It melts at 150°. 

When heated at 105°, 0°1370 lost 0°0005 ; the salt therefore crystal. 
lises uncombined with its solvent. 

The amount of gold in the salt was estimated by passing hydrogen 
sulphide through its aqueous solution : 

0°1403 gave 0:0560 Au. Au=39°9. 

C,H,,0,N,HAuCl, requires Au = 39-96 per cent. 


Isolation of a Second Alkaloid. 


The alcoholic mother liquor, from which senecifoline nitrate was 
crystallised, was concentrated to a small bulk, and decanted from the 
crystalline nitrate which had separated ; it was then evaporated in a 
vacuous desiccator, and obtained as a semi-solid, amorphous mass, 
which, after standing for several days, became crystalline. As the 
substance was now very dark in colour, it was dissolved in water, 
rendered slightly acid, and extracted with ether to remove colouring 
matter, etc.; the solution was then rendered alkaline with ammonia 
and extracted with chloroform. The chloroform solution was washed 
with a little water to remove traces of alkali, and, after removal of the 
solvent by distillation, the alkaloidal substance was obtained as a 
yellow, varnish-like mass. This was neutralised exactly with one 
per cent. nitric acid, the solution filtered, and allowed to evaporate in 
a vacuous desiccator, whereby the nitrate was again obtained as a semi- 
solid, amorphous mass, which, on long standing, became crystalline. The 
salt was then dissolved in the smallest possible quantity of absolute 
alcohol, and to this solution a small quantity of dry ether was cautiously 
added ; the solution was set aside for three or four days, when a small 
amount of senecifoline nitrate was found to have separated ; the super- 
natant liquid was decanted, and, on further keeping, colourless, 
needle-like crystals of a nitrate separated ; these were purified by 
recrystallisation from a mixture of absolute alcohol and ether until 
the melting point was constant. The salt was dissolved in water, the 
solution rendered alkaline with ammonia, and extracted with ether. 
The ethereal solution was washed with a small quantity of water, 
dried, and the solvent removed by distillation, when a colourless, 
crystalline residue was obtained. This was purified by dissolving it 
in absolute alcohol and allowing the solution to evaporate spontane- 
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ously, when the free base was obtained in colourless, rhombic plates. 
The name senectfolidine is suggested for this alkaloid. 


Properties of Senecifolidine. 


Senecifolidine is less soluble in chloroform, ether, or alcohol than 
senecifoline, but resembles the latter in being insoluble in light 
_ petroleum or water; it possesses a slightly bitter taste. With 
sulphuric acid it gives a pink coloration, but no further colour is 
developed on the addition of manganese dioxide to the mixture. 
The nitrate of the base gives a greenish-blue coloration with a solution 
of ferric chloride and potassium ferricyanide solution, as described 
under senecifoline. When heated to 200° it darkens, and melts at 
212°. 

A solution of the alkaloid in alcohol is levorotatory, as shown by 
the following result : 

a") = —0°24', c= 2°87, 1=1-dem. ; whence [a], — 13°56’. 

When heated at 105° it did not lose in weight, and therefore crys- 
tallises uncombined with its solvent. 

On analysis, the following results were obtained : 

02017 gave 0°4368 CO, and 0:1266 H,O. C=59:06; H=6°97. 

01200 ,, 4:3 c.c. N, (moist) at 20° and 762 mm. N=4'l. 

C,,H,;0,N requires C=58°9 ; H=6°81 ; N=3°81 per cent. 


Salis of Senecifolidine. 


Senecifolidine nitrate was obtained, as previously described, by 
fractional crystallisation from the mother liquor which remained after 
the crystallisation of senecifoline nitrate. It crystallises in colour- 
less, acicular prisms belonging to the rhombic system, and melts at 
145°. It is very readily soluble in water or absolute alcohol, but is 
insoluble in ether or chloroform. 

An aqueous solution of the salt is levorotatory, as shown by the 
following result : 

a”) = — 0°37’, c=2°532, 1=1-dem. ; whence [a]) — 24°21’. 

Senecifolidine nitrate crystallises with half a molecule of alcohol, as 
shown by the following determination : 

0:2060 lost, at 105°, 0:0095. C,H,O=4°6. 

(C,,H,,0,N,HNO,),,C,H,O requires C,H,O = 4°89 per cent. 

Senecifolidine hydrochloride was prepared by dissolving the pure 
base in sufficient dilute hydrochloric acid to produce a neutral solu- 
tion ; this was allowed to evaporate in a vacuous desiccator, when a 
colourless, hygroscopic residue was obtained. Owing to the readi- 
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ness with which it absorbed water, it was not isolated in a crystalline 
condition. 

Senecifolidine aurichloride.—This salt was obtained as a bright 
eanary-yellow, amorphous precipitate by the addition of an aqueous 
solution of gold chloride to an aqueous solution of senecifoliding 
hydrochloride acidified with hydrochloric acid. The salt was collected, 
washed with water until freed from acid, and dried in a vacuous 
desiccator ; the pure salt was subsequently obtained in yellow, hair. 
like crystals by recrystallisation from absolute alcohol. 

After heating at 105°, 0°1623 lost 0°0009; the salt therefore 
crystallises uncombined with its solvent. 

The amount of gold in the salt was estimated by passing hydro. 
gen sulphide through its aqueous solution, and treating in the 
same manner as in the case of the corresponding salt of senecifoline: 


0°1614 gave 0°0448 Au. Au=27°75. 
C,,H,,;0,N,HAuCl, requires Au = 27°86 per cent. 


Summary and Conclusions. 


Asa result of the present investigation, two new alkaloids have 
been added to the small number of such compounds which are known 
to occur in plants belonging to the N.O. Composite. The names 
senecifoline and senecifolidine are proposed for these alkaloids, and the 
formule C,,H,,O,N and C,,.H,,0,N respectively assigned to them; 
thus it appears that the two substances differ by the elements of a 
molecule of water. Senecifoline has been hydrolysed by alkalis into 
a dibasic acid, C,,H,,O,, for which the name senecifolic acid is 
suggested, and a base, C,H,,0,N, which it is proposed to term senect- 
folinine. The free base was not isolated. 

From a consideration of the products of this action, it would appear 
that the reaction may be represented by the following equation : 

C,,H.,0O,N + 2NaOH =C,,H,,0,Na, + C,H,,0,N + 2H,0, 
which is analogous to the decomposition of atropine into atropic acid 
and tropine by means of barium hydroxide : 


2C,,H,,0,N + Ba(OH), = (C,H,0,),Ba + 20,H,,ON + 2H,0. 


The pharmacology of senecifoline and senecifolidine is being studied 
by Prof. A. R. Cushny, F.R.S., who has already found that the 
former is poisonous to animals. 

It is hoped to proceed further in the investigation as soon as 
adequate supplies of material are available. 


This investigation has been carried out in the laboratories of the 
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Scientific and Technical Department of the Imperial Institute, and I 
desire to express my indebtedness to Prof. Wyndham R. Dunstan, 
F.B.S., for the facilities which he has accorded me for carrying out 
the work. 


ScIENTIFIC AND TECHNICAL DEPARTMENT, 
IMPERIAL INSTITUTE, 8S. W. 


LX.—Estimation of Primary, Secondary, and Tertiary 
Amines. Part I. 


By Joun JoserH SupBorouGH and Harotp Hipserr. 


In a short note published some years ago (Proc., 1904, 20, 165) the 
authors outlined a general method for the quantitative estimation of 
amines, based on the .measurement of the volume of methane 
evolved when these substances are caused to react with magnesium 
methyl iodide. It is only recently that a suitable opportunity has 
occurred for completing the work, and they are able to show that the 
method is capable of general application, not only for the estimation 
of primary and secondary amines, but also for the quantitative 
determination of mixtures of these with tertiary amines. 

In a previous communication (Trans., 1904, 85, 933) a similar 
method for estimating hydroxyl compounds was employed and 
satisfactory results were obtained in most cases. Zerewitinoff (Ber., 
1907, 40, 2023) has shown that the process can be used for the most 
varied types of hydroxy-derivatives, and also for estimating the 
reactive hydrogen in other groups of compounds ; for example, hydro- 
sulphides, imides, amides (Ber., 1908, 41, 2233). In our earlier note 
(loc. cit.) it was stated that when a primary or secondary amine is 
brought in contact with excess of magnesium methyl iodide at the 
ordinary temperature, a reaction takes place in accordance with the 
following equations : 

Primary amine : R,;-NH, + CH,’MgI = R,NH:*MgI+CH, 

Secondary amine: R,R,NH+CH,’MgI=R,R,N-MgI+CH,, 
that is, one molecule of the amine liberates one molecule of 
methane. If now the temperature is raised to 120—125°, no change 
occurs in the case of the secondary amine, but the magnesium 
derivative of the primary reacts with an excess of the Grignard 
reagent evolving a second molecule of methane. 

With tertiary amines there is no evolution of gas either at the 
ordinary temperature or at 120°. 
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The majority of the experiments forming the present communication 
were carried out with phenetole as the solvent. ‘This has the 
advantage over amy] ether in that it is much more, easily purified, but 
as methane is soluble in it to an appreciable extent, it is necessary to 
perform a blank experiment with a known substance (for example, 
diphenylamine) in order to determine this constant. 

As in the previous experiments, the air was displaced by nitrogen, 
although Zerewitinoff (Joc. cit.) considers this unnecessary. 


Preparation of the Magnesium Methyl Iodide Solution. 


The phenetole was purified by shaking with alkali, then with water, 
and, after drying with calcium chloride, distilling over metallic 
sodium. , 

Dry magnesium turnings (6°09 grams) were added to 120 cc. of 
the dry phenetole, and 35°5 grams of methy! iodide dissolved in 20 c.c, 
of the phenetole were then introduced. The mixture was heated 
gently on the sand-bath until the reaction commenced, and then the 
flame regulated so as to maintain a vigorous action. After about 
forty-five minutes, practically the whole of the magnesium had dis- 
appeared, and the contents were then heated to the boiling point for 
half an hour to expel any traces of uncombined methyl! iodide. On 
cooling, the clear solution was decanted and made up to 175 c.c. with 
pure phenetole. The solution must be kept from contact with the 
atmosphere as much as possible. 

The solution in amyl ether was prepared in the manner already 
described (Joc. cit., p. 934). 


Estimation of Imino-groups. 


The method adopted and the apparatus used are those already 
described for the estimation of hydroxyl groups (Trans., 1904, 85, 
933). 

A stout flask of about 200 c.c. capacity is fitted with a doubly- 
bored indiarubber stopper, which carries a stopcock reaching nearly 
to the bottom of the flask, and a short tube which is fitted by means 
of a length of thick-walled indiarubber tubing to a Lunge nitro- 
meter or Hempel burette filled with dry mercury. 

Dry phenetole (5:0 c.c.) and 0:1—0°3 gram of the substance are 
placed in the flask, and an excess (7°5 c.c.) of the solution of magnesium 
methyl iodide in phenetole is placed in a small tube, which is lowered 
into the flask in a vertical position. : 

The air in the flask is displaced by dry nitrogen, the flask is then 
attached to a Hempel burette, filled ,with dry mercury, and the 
apparatus left for forty-five minutes to attain a constant temperature. 
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The height of the mercury, the temperature, and pressure are noted, 
and, after mixing the two solutions and shaking vigorously, the level 
of the mercury is adjusted and the volume read off with the usual 


precautions. 
A blank experiment is necessary to determine the amount of 


methane absorbed by the phenetole. For this purpose we used pheny]l- 
a-naphthylamine, and found that the volume absorbed under the given 
conditions amounted to 4°4 c.c. 

The following imino-derivatives have been used: phenyl-a- and 
-B-naphthylamines, B-dinaphthylamine, diphenylamine, ethyl- and 


methyl-anilines. 
Volume 
No. of Weight Pressure of gas 
expt. Substance. inmm. Temp. inmm. ine.c. Theory. 
1. Phenyl-a-naphthylamine ... 0°2638 = 754 28 °2 28°2 
Phenyl-8-naphthylamine... 0°3136 13 756 35°5 33°6 
68-Dinaphthylamine 0°2810 14 746 26°9 24°9 
Diphenylamine 0°3100 14 746 42°8 43°7 
. Ethylaniline ' 0°2132 14 756 41°9 41°4 
. Methylaniline 0°1886 13 741 42°2 42°1 


There was no further evolution of gas on warming to 120°. 


Estimation of Amino-groups. 


The same quantities of solvent and magnesium methyl iodide 
solution were taken as in the previous estimations, and the volume of 
gas evolved at the ordinary temperature was determined. The 
mixture was then heated in an oil-bath to 120—125° until no further 
evolution of gas took place, which occupied, in general, from forty-five 
to sixty minutes. 

The air-pressure was kept approximately constant by adjusting the 
mercury column. After allowing to cool to the ordinary temperature, 


the volume of gas was read off as before. 
Volume 
No. of Weight Pressure of gas 
expt. Substance. ingram. Temp. inmm. ine.c. Theory. 
% B-Naphthylamine 0°2110 13°6 759 34°6 34°5 
7a. a 0°2110 13°6 759 68°0 69°0 
8. p-Toluidine 0°1880 11°2 762°5 + 40°2 40°5 
9, ” 0°2084 13°2 767 43°7 45°0 
9a. as beset: neataradon 0°2084 13°2 767 87°7 90°0 
10. B-Chloroaniline 0°1812 16°0 743 33°8 34°3 
iF } ~ 0°1472 16°0 744 27°8 27°8 
lla, 0°1472 16°0 744 54°4 55°6 


(In experiments 7a, 9a, and 1la the mixture was heated to 120—125° 
until no further evolution of gas took place.) 
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Tertiary Amines. 


With the following tertiary amines there was no gas evolved under 
the above conditions, either at the ordinary temperature or at 125°, 
namely, dimethylaniline, diethylaniline, and tetramethyl-p-diamino. 
diphenylmethane. 


Notes on the Experiments. 


Estimations 7, 8, and 9 were performed in amyl-ethereal solution, 
but in all the other experiments phenetole was used as solvent. The 
substances investigated, as well as the reaction products, are readily 
soluble in phenetole. It was noticeable that the amino- and imino. 
benzene derivatives react most readily, the benzene-naphthalene 
derivatives less so, and the dinaphthylamine least readily, so that 
it was necessary with the latter substances to shake for some time 
before all the methane was evolved. 
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LXI.—The Condensation of Ketones and Aldehydes with 
the Sodium Derivative of Ethyl Cyanoacetate. 


By Water Norman Haworrs. 


In a previous communication (Trans., 1908, 93, 1944) Harding, 
Haworth, and Perkin published an account of the condensation of 
ethyl cyanoacetate with cyclohexanone and certain of its homologues, 
and it was shown that cyclohexanone condenses in its enolic form with 
ethyl cyanoacetate, thus : 


CH <n “OH, SC-OH +CN-CH,:CO,Et —> 


CH,*CH 
CH <u’. CH, >C-CH(CN):CO,Et 


Ethyl a- LE ee eT 


This interesting reaction has been extended and found to be quite 
general in its application to such ketones and aldehydes, both in the 
aliphatic and aromatic series, which are capable of tautomeric change 
into the enolic form. In the case of ketones such as benzophenone, 
C,H,*CO°C,H,, which is incapable of providing the necessary hydrogen 
atom for tautomeric change, the reaction does not proceed. 
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As has already been pointed out (loc. cit.), the general course of the 
reaction may be expressed in the following manner : 
> C.-C: 
CN-CNa:CO,Et’ 

When phenylacetaldehyde is employed, the condensation proceeds 
quite normally, with the formation of ethyl a-cyano-a-styrylacetate, 

0,H,-CH:CH-OH + HCNa(CN)-CO,Et —> 

O,H,-CH:CH:CNa(CN)-CO, Et. 

On acidifying, the sodium derivative is decomposed, and the ester 
distils at 195—197°/20 mm. as a viscid, yellow oil. That the ester 
contains a double linking in the place assigned to it in the above 
formula is shown by the fact that the molecule possesses a reactive 
hydrogen atom replaceable by sodium. By condensing the sodium 
compound with w-bromoacetophenone, a solid substitution product is 
obtained, namely, ethyl a-cyano-B-benzoyl-a-styrylpropionate, which melts 
at 110° (p. 484). 

Ethyl a-cyano-a-styrylacetate yields on hydrolysis with potassium 
hydroxide in methyl-alcoholic solution the lactone of a-cyano-y-hydroxy- 
yphenylbutyric acid, 

C,H,-CH *CH,*CH-CN 
O CO 

The formation of this substance, which melts at 90°, is probably 
due to the addition of water at the double linking and the subsequent 
elimination of water according to the scheme : 

0;H,-CH:CH-CH(CN):CO,H —> CoH, _ - 
a-Cyano-a-styrylacetic acid. 

Another substance was also isolated in small amount from the 
product of the condensation of ethyl cyanoacetate with pheny]l- 
acetaldehyde, namely, aa’-dicyano-B-benzylglutaric acid, 

CO,H-CH(CN)-CH(CH,°C,H,)-CH(CN)-CO,H, 
a colourless, crystalline substance, which melts at 173°. 

Another condensation which was investigated was that of benzyl- 
ideneacetone with ethyl cyanoacetate, and in this case the reaction 
proceeded normally with the formation of a-cyano-B-styryl-B-methyl- 
aerylic acid, 

C,H,-CH:CH-CO-CH, —> C,H,*CH:CH-CMe:C(CN)-CO,H. 

This unsaturated’cyano-acid melts at 188° with evolution of carbon 
dioxide. On treatment with potassium hydroxide, it yields the corre- 
sponding carbomyamide, m. p. 166°, and this may then be further 
hydrolysed to 8-styryl-B-methylacrylie acid, 

C,H,°-CH:CH:CMe:CH:CO,H, 
which melts at 190°. 

VOL. XCVv, 


>0:0(OH)-C? + CN-CHNa-CO,Et —> 
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It was next thought that it would be interesting to investigate the 
condensation of ethyl cyano.cetate with a ketone containing an adjacent 
secondary alcohol group, and benzoin was selected. It was found that 
the condensation gave rise>to a remarkable product containing two 
cyano-acid residues, the course of the reaction evidently taking place 
according to the scheme : 

C,H,-0O a C,H,"C-OH siti C,H, -C-CH(CN)-C0,H 
C,H,-CH-OH C,H,°C-OH C,H,"C-CH(CN):C0,H 

Benzoin. Enolic form. ad-Dicyano-By-diphenyl-ag- 

butene-ad-dicarboxylic acid, 


This dicyano-acid is a colourless, crystalline substance, which melts 
and decomposes at 136°, and yields sparingly soluble sodiwm and 
potassium derivatives. 

Acetophenone condenses readily with ethyl cyanoacetate, but the 
reaction does not proceed in a simple manner, and the following is 
probably the correct explanation of the course which the condensation 
takes : 

CH,:C(C,H,;)*OH + HCNa(CN):CO,Et —> 
Acetophenone (enolic form). 

CH,:C(C,H,)*CNa(CN)-CO,Et. 

This sodiocyano-ester then reacts with a second molecule of aceto- 
phenone, the following additive process taking place : 
CH,-C(C,H,)-CNa(CN)-CO,Et + CH,:C(OH)-C,H, —> 

CH,-:C(C,H,)*C(CN)(CO,H)-CH,°CH(OH):C,H,. 
-Cyano-e-hydroxy-Be-diphenyl-Aa-pentene-y-carboxylic acid. 

The hydroxy-acid thus obtained is unstable, and passes with extreme 

readiness into the lactone, 

CH,-0(C,H;)-C(ON)-CH,"CH-C,H; 

| | reas 7 

which is crystalline, and melts at 157°. This lactone is the principal 
product of the condensation, but y-cyano-e-hydroxy-Be-diphenyl- 
AP-pentene, C,H,*CMe:C(CN)-CH,*CH(OH)-C,H,, b. p. 225°/13 mm, 
and y-cyano-Be-diphenyl-A**-pentadiene,C,H,*CMe:C(CN)-CH:CH:C,H, 
b. p. 210°/13 mm., are also formed in considerable quantities. 


ExPERIMENTAL. 


Ethyl a-Cyano-a-styrylacetate, C,H,-CH:CH-CH(CN)-CO,Et, 
and its Derivatives. 


In order to prepare this substance, ethyl cyanoacetate (11:5 grams) 
is mixed with a solution of sodium (2°3 grams) in ethyl alcohol 
(28 grams), when the solid sodium derivative of ethyl cyanoacetate 
separates from the solution. 

Without cooling the mixture, phenylacetaldehyde (12 grams) is 
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added ; almost immediately the white sodium compound disappears, 
forming a clear yellow solution, and, by heating on the water-bath, a 
yellow sodium derivative gradually separates. After heating for an 
hour, the product is allowed to cool, and sufficient water is added 
to dissolve completely the contents of the flask. The solution is 
now acidified with dilute hydrochloric acid, and the oil, which is 
precipitated, is extracted with ether, the ethereal extract is washed 
twice with water to free it from alcohol, and then shaken with 
aqueous sodium carbonate solution (A) in order to separate the acid 
which is always formed during the condensation. After this treat- 
ment the ethereal solution is dried and evaporated, and the residual 
oil fractionated under diminished pressure. A little unchanged 
phenylacetaldehyde is always present, and after this has passed over, 
the ethyl a-cyano-a-styrylacetate distils constantly at 195—197°/20 mm. 
as a viscid, yellow oil : 

01660 gave 0°4390 CO, and 0:0970 H,O. C=72:2; H=6-4, 

01553 ,, 85ecc. N, at 12°and 768mm. N=6'6. 

C,,H,,0,N requires C=72°6 ; H=6:0; N=6°5 per cent. 

Hydrolysis—The hydrolysis of the above ester is effected by 
digesting it for a few minutes with twice the theoretical amount of 
potassium hydroxide dissolved in methyl alcohol. On adding water 
and acidifying, a semi-solid mass is precipitated, which, when placed on 
a porous tile, soon becomes quite hard and can then be recrystallised 
from dilute methyl alcohol, from which the substance separates in 
minute prisms melting at about 90°. 

It was at once evident that this substance is not an acid, for 
although obtained from an alkaline solution by acidifying, it will not 
again dissolve in cold alkalis. On boiling with aqueous sodium 
carbonate, it gradually dissolves, and is reprecipitated on acidifying. 
This behaviour indicates that the substance is a lactone, and its 
formation is probably due to the addition of water at the double 
linking and subsequent elimination of water according to the scheme : 

C,H,°CH:CH:CH(CN):CO,H —> 
a-Cyano-a-styrylacetic acid. 
(,H,-CH(OH)*CH,*CH(CN):CO,H 9 —> Colts . ti 9 ai 
a-Cyano-y-hydroxy-y-phenyl- Lactone of a-cyano-y-hydroxy- 
butyric acid. y-phenylbutyric acid. 
00807 gave 0°2090 CO, and 0:0370 H,O. C=70°6; H=5:l. 
01100 ,, 68c.c. N, at 15° and 762mm. N=7°3. 
C,,H,O,N requires C=70°6 ; H=4°8; N=7°'5 per cent. 

The lactone of a-cyano-y-hydroxy-y-phenylbutyric acid melts at about 

90°, and is readily soluble in methyl or ethyl alcohol or benzene, but 


sparingly so in light petroleum. It dissolves in concentrated sulphuric 
112 
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acid, yielding an intense red coloration; the same phenomenon js 
observed when the corresponding ester, ethyl a-cyano-a-styrylacetate, 
is similarly treated. As this seems to be due to some internal condensa- 
tion of the molecule, it is at present being further investigated. 


Ethyl a-Cyano-B-benzoyl-a-styrylpropionate, 
C,H,*CH:CH-O(CN)(CO,Et)-CH,°CO°C,H,. 


This substance was prepared with the object of demonstrating the 
presence of a reactive hydrogen atom replaceable by various substitut- 
ing groups in the molecule of ethyl a-cyano-a-styrylacetate. The 
ester was converted into its sodium derivative by mixing with an 
equivalent amount of sodium ethoxide in ethyl-alcoholic solution, and 
an equivalent proportion of w-bromoacetophenone dissolved in ethyl 
alcohol was then added. Sodium bromide soon separated, and, after 
warming for a few minutes, water was added until the solution became 
slightly cloudy, when, after several hours, the product separated in a 
crystalline condition. It crystallises from methyl alcohol in minute, 
colourless plates, which melt at 110° and dissolve in concentrated 
sulphuric acid with a red coloration : 

0°1276 gave 0°3540 CO, and 0°0720 H,O. C=75'7; H=6:2. 

C,,H,,O,N requires C=75'7 ; H=5°7 per cent. 


aa -Dicyano-B-benzylglutaric Acid, 
CO,H:CH(CN):CH(CH,°*C,H,)*CH(CN)-CO,H. 

This dibasic acid is isolated from the sodium carbonate extract 4 
(p. 483) by acidifying with mineral acid and extracting the precipitated 
oil by means of ether. ‘The ethereal solution is dried and evaporated, 
when an oil remains which, in contact with cold hydrochloric acid or 
chloroform, soon solidifies. It is purified by dissolving in ethyl 
acetate and then cautiously adding light petroleam (90—110°), and 
separates as a sandy powder melting at 173°: 

01130 gave 0°2544 CO, and 0°0500 H,O. C=61°4; H=4°9. 

01230 ,, 110cc. N, at 14° and 762mm. N=10°5. 

C,,H,,0,N, requires C=61'8; H=4:4; N=10°3 per cent. 

The acid is sparingly soluble in chloroform or benzene, and almost 
insoluble in light petroleum, but dissolves readily in acetone, ethyl 
acetate or alcohol. 

The basicity was controlled by titrating with V/10-sodium hydroxide: 

0°1040 neutralised 0°0296 NaOH, whereas the same weight of 4 

dibasic acid, C,,11,,0,N, requires 0°0305 NaOH. 

Its silver salt was also analysed : 

0°3006 gave 01314 Ag. Ag=43°8. 

C,,H,,0,N, requires Ag = 44°4 per cent. 
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a-Cyano-B-styryl-B-methylacrylic Acid, 
C,H,-CH:CH:CMe:C(CN)-CO,H. 


This substance was prepared by suspending ethyl sodiocyanoacetate, 
obtained from sodium (5°8 grams) and ethyl cyanoacetate (28 grams), 
in hot alcohol, mixing this with a solution of benzylideneacetone 
(36 grams) in alcohol, and heating on the water-bath for an hour. At 
the end of this time a yellow solid separated, which dissolved on 
adding water. This solution of the sodium derivative was decomposed 
by adding dilute hydrochloric acid, and the oil which was precipitated 
was extracted with ether, the ethereal solution washed until free from 
alcohol, and shaken with aqueous sodium carbonate solution. 

The products remaining in the ether consisted of high-boiling oils, 
which proved difficult to separate. The main product was found in 
the sodium carbonate solution, and consisted of an acid which was 
precipitated as an oil on acidifying the solution. This was dissolved 
in ether, and the solution dried and evaporated, when the residue 
rapidly crystallised. The crystals were purified by dissolving in 
dilute methyl alcohol, from which the acid separated in minute, colour- 
less needles melting at 188° to a red liquid. 

A titration showed it to be monobasic : 


02620 neutralised 0°0496 NaOH, whereas the same weight of a 
monobasic acid, C,,H,,0,N, requires 0°0492 NaOH. 
01277 gave 0°3420 CO, and 0:0600 H,O. C=73:0; H=5-2. 
C,3H,,0,N requires C= 73-2; H=5:2 per cent. 
The solution of the acid in concentrated sulphuric acid is colourless, 
and, on adding water, the substance is recovered unchanged. 


a-Carboxyamino-B-styryl-B-methylacrylic Acid, 
C,H,-CH:CH:CMe:C(CO-NH,)-CO,H. 


In order to prepare this substance, a-cyano-§-styryl-8-methylacrylic 
acid is dissolved in aqueous potassium hydroxide (40 per cent.), and 
the solution boiled for a few minutes, when the contents of the vessel 
suddenly become solid. Water and ice are then added, and the mass: 
is acidified ; the acid is collected and recrystallised from benzene, from 
which it separates in slender, colourless plates melting at 166°: 

0:1180 gave 02925 CO, and 0:0640 H,O. C=675; H=6:0. 

01210 ,, 67 cc. N, at 19° and 766 mm. N=6°3. 

C,,H,,0,N requires C=67°5; H=5°6; N=6:1 per cent. 


B-Styryl-B-methylacrylic Acid, C,H,-CH:CH:CMe:CH:-CO,H. 


The amide just described passes readily into the above monobasic 
acid on digesting with dilute hydrochloric acid for an hour. The 
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aqueous solution, on cooling, deposits a crop of crystals which, on 
recrystallisation from water, separate in beautiful, colourless plates 
melting at 190°: 
0°1057 gave 0°2950 CO, and 0:0630 H,O. C=76:1; H=6°6. 
C,,H,,0, requires C= 76°6 ; H=6°4 per cent. 
A titration with 1V/10-sodium hydroxide gave the following result: 
0:0850 required 0°0184 NaOH, whereas the same weight of a 
monobasic acid, C,,H,,0,, requires 0°0181 NaOH. 
B-Styryl-B-methylacrylic acid dissolves in most organic solvents, and 
its sodium salt in solution is unstable towards permanganate. It 
combines with bromine in the manner of unsaturated substances 
containing conjugated double bonds, forming an _ unsaturated 
dibromide. 


ad-Dicyano-By-diphenyl-A®-butene-a5-dicarboxylic Acid, 
CO,H-CH(CN)-CPh:CPh-CH(CN)-CO,H. 
This substance was prepared as follows: Sodium (5°7 grams), 


dissolved in ethyl alcohol, was mixed with ethyl cyanoacetate (28 
grams), and, after the separation of the white sodium derivative, a 


solution of benzoin (26°5 grams) in hot alcohol was added with 
frequent shaking. The white sodium derivative immediately dis- 
solved, yielding a deep yellow solution which, on heating for half an 
hour, deposited a bulky sodium derivative. The product was cooled, 
dissolved in water, acidified with hydrochloric acid, and extracted 
with ether. The extract was washed several times with water, and 
afterwards with sodium carbonate, which dissolves the chief product 
of the reaction. This solution was acidified with mineral acid, anda 
solid acid separated, which was collected and recrystallised from 
benzene, from which solvent it separated in colourless needles 
melting and decomposing at 136°: 

0°1655 gave 04195 CO, and 0:0590 H,O. C=69:2; H=4°0. 

01675 ,, 11:2 cc. N, at 13° and 758mm. N=7°9. 

C,)H,,0,N, requires C=69°4 ; H=4:0; N=8'l per cent. 

To determine its basicity, the acid was titrated with WV/10-sodium 
hydroxide : 

0°3565 neutralised 0°0831 NaOH, whereas the same weight of a 

dibasic acid, C,,H,,0,N., requires 0°0825 NaOH. 

The sodium, and especially the potassium, salt of the acid are very 
sparingly soluble in cold water. Consequently the acid does not 
dissolve readily in cold concentrated potassium hydroxide solution. 

The acid is recovered unchanged after boiling with concentrated 
potassium hydroxide or hydrochloric acid. 
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Lactone of y-Cyano-e-hydroxy-Be-diphenyl-A*-pentene-y-carboxylic Acid, 
ee 
O— O : 
and y-Cyano-Be-diphenyl-A*-pentadiene, 
C,H,°CMe-C(CN)-CH:CH:’C,H,. 


Acetophenone (24 grams) was added to the sodium derivative of 
ethyl cyanoacetate, prepared from sodium (4°6 grams) dissolved in 
alcohol and ethyl cyanoacetate (22°6 grams); the white sodium 
derivative disappeared after warming on the water-bath for fifteen 
minutes, and at the end of two hours a bulky sodium derivative 
separated, the contents of the flask becoming almost solid on cooling. 
This solid dissolved on adding water, and on acidifying the 
solution an oil was deposited, which was extracted with ether (B), the 
extract washed well with water to remove alcohol, and then shaken 
with dilute sodium carbonate solution. The sodium carbonate extract 
on acidifying yielded an oil, which was dissolved in ether, and the 
ethereal solution dried and evaporated. 

During the process of drying, a quantity of crystals separated from 
the ethereal solution, but these proved to be the same substance 
as was obtained from the remainder of the solution after evaporation, 
when the oil which was first obtained rapidly crystallised on cooling. 

The solid was drained on porous porcelain, and recrystallised from 
methyl alcohol, from which solvent it separated in large prisms of a 
beautiful pale green colour and melting at 157°: 


01745 gave 0°5040 CO, and 00800 H,O. O=788; H=5'l. 
02754 ,, 10°3cc. N, at 18° and 758mm. N=4°3. 
C,,H,,0,N requires C=78°9 ; H=5:2 ; N =4°8 per cent. 


Although originally soluble in sodium carbonate, this substance 
was now insoluble in dilute alkalis even on warming, and must there- 
fore have changed from an acid into a lactone (see Introduction) : 
CH,:C(C,H,)-C(CN)(CO,H)-CH,*CH(OH):-C,H,, —> 

CH,.C(C,H;)°C(CN)-CH,"CH-C,H,. 
anes O 


The lactone of y-cyano-e-hydrouy-Be-diphenyl-A*-pentene-y-carboxylic 
acid dissolves in a methyl-alcoholic solution of potassium hydroxide on 
warming, and yields a clear solution on the addition of water. If 
this is acidified, a yellow precipitate of the hydroxy-acid first separates, 
but this rapidly passes into the lactone. Several attempts were made 
to isolate this hydroxy-acid, and this was found possible by acidifying 
the sodium carbonate extract mentioned above with acetic acid instead 


of with mineral acid. 
S& Exo 
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The oily residue after extraction was placed in an_ evacuated 
desiccator containing solid potassium hydroxide, and after some days 
crystals appeared, which, however, were difficult to purify. They 
dissolved readily in cold sodium carbonate solution, but in contact 
with methyl or ethyl alcohol and several other solvents, the substance 
changed immediately into the sparingly soluble lactone. From a 
mixture of benzene and light petroleum, however, a specimen was 
obtained which melted about 120°, and this gave on analysis numbers 
which agreed approximately with those required for the hydroxy-acid, 

The ethereai solution, B (p. 487), was dried, evaporated, and the 
residue on fractionation yielded a quantity of unchanged acetophenone 
and a small amount of neutral oil distilling at 200—230°/13 mm, 
which had a strong odour of nitrile. 

This fraction was separated into two portions on redistillation, 
namely : 

I. B. p. 2109/13 mm.; II. B. p. 225°/13 mm.; and these yielded 
on analysis the following results : 

I. 0°1824 gave 0:5746 CO, and 0:106 H,O. C=86:0; H=64, 

01330 ,, 63cc. N, at 16°and 768mm. N=5°6. 
C,,H,,N requires C= 88:2; H=6:1; N=5°7 per cent. 
II. 0°1852 gave 05590 CO, and 01060 H,O. C=82:3; H=6-4. 


C,,H,,ON requires C =82°1 ; H=6'5 per cent. 


The latter substance, II, has the constitution 
C,H,-CMe:C(CN)-CH,°CH(OH):-C,H,, 
and is therefore y-cyano-c-hydroxy-Be-diphenyl-A8-pentene ; it is doubtless 
the process of condensation by the elimination of carbon dioxide from 
the hydroxy-acid (see above). 

The analytical results obtained in the case of substance I indicate 
that it has the constitution C,H,-CMe:C-(CN)-CH:CH-C,H,, and is 
y-cyano-Be-diphenyl-A® -pentadiene. 

The above view of the constitution and of the method of formation 
of the two nitriles, I and II, has been verified by digesting the lactone 
(m. p. 157°) for eight hours with a concentrated solution of potassium 
hydroxide or barium hydroxide. Under these conditions the lactone 
loses carbon dioxide and passes chiefly into a neutral oil boiling at 
225°/20 mm., from which by repeated fractionation the nitriles I and 
II were separated. 

The stability of these nitriles towards ordinary hydrolytic reagents 
is very remarkable, for after prolonged digestion with concentrated 
potassium hydroxide no trace of an acid could be isolated, and even 
when the most concentrated barium hydroxide solution was employed, 
only a very small proportion of an acid was produced ; this was 
obtained in the form of colourless needles melting at 130°. 
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Chemical Society for a grant which has defrayed part of the expense 
of this investigation. 
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LXII.—The Action of Fuming Sulphuric Acid on 
Triphenylsilicol. 


By Freperic SrantEy Kippine and GrorrReyY MArrTIN. 


Some years ago Kipping and Lloyd attempted to obtain a sulphonic 
derivative of tetraphenylsilicane, and also examined, although not 
very thoroughly, the behaviour of triphenylsilicol towards various 
sulphonating agents (Trans., 1901, 79, 449). In all of these 
experiments, many of which were carried out below 0°, the only 
organic products which were isolated were found to be sulphonic 
derivatives of benzene. 

In the course of more recent work (Kipping, Trans., 1907, 91, 
209, 717), it was found that, whereas silico-hydrocarbons, which 
contain the benzyl group, such as benzylmethylethylpropylsilicane, 
SiMeEtPr-C,H,, may be directly transformed into the correspond- 
ing sulphonic acids with the aid of sulphuric acid or chlorosulphonic 
acid, yet when silico-hydrocarbons containing a phenyl group are 
treated with sulphonating agents, this group is eliminated as benzene 
or benzenesulphonic acid. Thus, when phenylbenzylethylpropyl- 
silicane, SiEtPrPh-CH,°C,H;, is warmed with sulphuric acid, it 
gives benzene and a sulphonic compound of the constitution 
(SiEtPr-CH,*C,H,°SO,H),0. 

On the appearance recently of a paper by Ladenburg (Ber., 1907, 
40, 2274), in which he claims to have prepared a sulphonic 
derivative of triphenylsilicol, we tried to prepare this compound 
according to the meagre instructions contained in his communica- 
tion. Instead of obtaining a sulphonic derivative of the silicol, 
however, we only succeeded in isolating benzenedisulphonic acid 
mixed, probably, with a little benzenemonosulphonic acid. 

These results were communicated to Ladenburg by one of us, 
and at the same time it was suggested that the evidence for the 
existence of the trisulphonic acid of triphenylsilicol, which he had 
published, was unsatisfactory, since the results of the analysis of 
the barium salt prepared by him agreed almost as well with those 
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required for the barium salt of benzenesulphonic acid. A request was 
also made for details as to the conditions under which he obtained 
his “triphenylsilicoltrisulphonic acid,” especially as regards the 
temperature and the strength of the fuming sulphuric acid used; 
but the only information received in reply was that it was 
“ gweckmiassig ’’ to work in the cold. 

Even in his later communication (Ber., 1908, 41, 966), in which 
he admits the formation of benzenesulphonic acid, Ladenburg does 
not give any account of the conditions of his experiment, nor any 
description of the separation and purification of the supposed 
silicon compound, nor any account of its properties. He merely 
states that the specimen of the barium salt which he analysed 
contained 3°3 per cent. of silicon, and “war annahernd rein ”’; but 
as the calculated percentage of silicon is 3°9, his own analyses 
allow for impurity amounting to more than 15 per cent. With 
regard to this analysis, the further question arises, was the silicon 
in the specimen really present in the form of triphenylsilicoltri- 
sulphonic acid ? 

To this question Ladenburg’s published statements afford no 
answer. 

As we have repeatedly tried to prepare triphenylsilicoltrisulphonic 
acid, and to isolate it in the form of a pure salt, and _ have 
invariably been unsuccessful, we are forced to the conclusion that 
even if this compound is formed in appreciakle proportion by the 
method described by Ladenburg, practically the whole of the silicol 
undergoes decomposition, with formation of benzene mono- and 
di-sulphonic acids, and other products. When the sulphonation is 
carried out at low temperatures, a small proportion of some 
sulphonic acid which contains silicon, possibly the compound 
Si0(C,H,°SO,H)., seems to be produced, but we have been unable 
to isolate any pure crystalline salt of this or of any other sulphonic 
acid containing silicon. Until, therefore, a pure specimen of 
triphenylsilicoltrisulphonic acid, or of one of its derivatives, is 
obtained, it is hardly necessary to include this compound among 
the known organic derivatives of silicon. 


EXPERIMENTAL. 


In our first experiments, 3 grams of finely powdered triphenyl- 
silicol, Si(C,H;),°OH, were gradually added to 18 grams of fuming 
sulphuric acid (containing 20 per cent. of sulphur trioxide) at the 
ordinary temperature. 

In agreement with Ladenburg’s statement, the substance dissolved 
easily with evolution of heat, colouring the acid brown, but after 
a few minutes there separated at the bottom of the vessel some 
gelatinous silicic acid, containing a small amount of organic matter. 
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The solution was poured into cold water, filtered, neutralised 
yith barium carbonate, and again filtered. The barium salt, 
obtained in white scales on evaporating to a small bulk, was con- 
verted into the ammonium salt by treating its aqueous solution 
with excess of ammonium carbonate, filtering, and heating until 
all the ammonium carbonate was expelled; the residue was then 
recrystallised from methyl alcohol. The ammonium salt thus 
obtained was dried at 100° and analysed, with the following 


results : 

05471 gave 0°0045 SiO,. Si=0°4. 

0°6838 ,, 0°0820 NH,s N=9°9. 

Si(C,H,SO,*NH,)3;°OH requires Si=5; N=7'4 per cent. 

The percentage of nitrogen lies between that required for 
(,H,(SO,*NH,). (N=10°3) and C,H;*SO,-NH, (N=8°0). The salt 
was in all probability a mixture of these two compounds containing 
small quantities of silicon sulphonic derivatives of unknown com- 
position. ; 

As at the ordinary temperature a large proportion of the silicon 
in the triphenylsilicol is eliminated as silica, we next studied the 
result of sulphonating at lower temperatures. 

Pure finely powdered triphenylsilicol (3 grams) was added in 
very small quantities at a time to fuming sulphuric acid (20 per 
cent. of sulphur trioxide: 18 grams). The acid was kept at 0° 
during the whole course of the experiment, and the silicol was added 
s0 slowly that the operation took two hours. Nevertheless, although 
the silicol readily dissolved at first, after some time a white solid 
appeared in the liquid. This solid was insoluble in water or 
alcohol, and when heated with sulphuric acid, it only blackened to 
a slight extent, leaving a large residue of silica. 

The concentrated acid, containing the dissolved triphenylsilicol, 
was gradually poured on ice, when, although the temperature fell 
below 0°, a cloud of gelatinous silicic acid containing some organic 
matter appeared in the liquid and was separated by filtration. The 
acid was then neutralised with barium carbonate, the solution 
filtered, and the filtrate treated with excess of ammonium carbonate ; 
after separating the barium carbonate, the solution was evaporated 
on the water-bath until the excess of ammonium carbonate was 
expelled. The crude ammonium salt thus obtained solidified on 
cooling to a hard mass, and the silicon in a portion of the dried 
solid was estimated : 

0°2753 gave 0°0245 SiO,. Si=4°2. 

The purity of the silica was established by evaporating with 
hydrofluoric acid, when practically the whole disappeared. 

The fact that this crude ammonium salt contains approximately 


492 KIPPING AND MARTIN: THE ACTION OF 


the same percentage of silicon as that required for ammonium 
triphenylsilicolsulphonate is, of course, no proof of the presence 
of the latter, and, as shown below, this crude preparation contains 
a considerable proportion of ammonium benzenedisulphonate. 

In order to separate the components of this crude ammonium Salt, 
it was dissolved in water, and the neutral solution precipitated with 
l-menthylamine hydrochloride. The precipitate thus obtained was 
repeatedly crystallised from moist ethyl acetate, and was thus 
separated into two portions, one soluble in ethyl acetate and the 
other insoluble. The substance soluble in ethyl acetate was re. 
crystallised several times from this solvent, and was then obtained 
in colourless prisms melting at 212°. Silicon could not be detected 
in the pure sample, and a combustion gave the following results: 


0°1364 gave 0°2855 CO, and 0°1083 H,O. C=57'1; H=88. 
C,H,(SO;H).,(C,;,)H2:N). requires C=56°9; H=8'8 per cent. 


The salt therefore is l-menthylamine benzenedisulphonate ; it is 
insoluble in ether, but very soluble in ethyl acetate, alcohol, or 
hot water. 

The portion insoluble in ethyl acetate was a sticky, brown mass, 
soluble in methyl alcohol, and sparingly soluble in chloroform, but 
insoluble or nearly so in ether or water. It was repeatedly washed 


with warm ethyl acetate in order to extract any menthyl- 
amine benzenedisulphonate, and then dissolved in methyl alcohol 
and precipitated with ethyl acetate; finally the soft, white mass 
was dried at 100° until constant. It then formed a brittle, vitreous, 
colourless solid, which softened above 200°, and frothed up and 
decomposed between 250—260°. 

An analysis of the substance gave the following results: 


0°1544 gave 0°3008 CO, and 0°1064 H,O. C=53'1; H=7°6. 
0°2578 ,, 0°0323 SiO, Si=5°9. 


A second sample of this substance was obtained in a later 
experiment, in which 11 grams of triphenylsilicol were sulphonated 
in a similar manner. The dried preparation gave on analysis the 
following results : 


0°2436 gave 0°4825 CO,, 0°1634 H,O, and 0°0294 SiO0,. C=54'°0; 
H=7'5; Si=5°7. 
0°1509 gave 0°2981 CO, and 0°1019 H,O. C=53:°9; H=7°'5. 
These values do not agree at all with those required for the 
menthylamine salt of triphenylsilicoltrisulphonic acid (C=58'6; 
H=81; Si=2'9 per cent.), and although the two samples which 


were analysed were very similar in composition, their behaviour 
seemed to indicate that they were mixtures. 
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In later experiments, sulphonation was carried out at much lower 
temperatures, namely, at about —10°; under these conditions very 
little, if any, separation of silica occurred during the process, but 
asmall quantity of a gelatinous precipitate was produced on pouring 
the acid solution on ice; this precipitate consisted principally of 
triphenylsilicol. The sulphonation product was converted into the 
ammonium salt as before, and the dry ammonium salt was 
extracted with boiling ethyl acetate containing a very little methyl 
alcohol. The extract on cooling deposited colourless, lustrous 
crystals, which were dissolved in water, and the solution was treated 
with -menthylamine hydrochloride. The precipitate thus obtained, 
after recrystallising from water, consisted of pure /-menthylamine 
benzenesulphonate : 


0'1939 gave 0°4348 CO, and 0°1540 H,O. C=61'2; H=88. 
C,H;*SO,H,C,,H,,N requires C=61°3; H=8'7 per cent. 


|-Menthylamine benzenesulphonate separates from water in colour- 
less needles, which melt at’ 223—226° and are readily soluble in 
water, chloroform, or methyl alcohol, sparingly so in ethyl acetate, 
and insoluble in ether. 

The formation of the mono- instead of the di-sulphonic acid in 
this experiment is doubtless owing to the lower temperature at 
which sulphonation was carried out. The quantity of this salt 
corresponded with 47 per cent. of the silicol if the latter was partly 
decomposed, and with 16 per cent. if it was completely decomposed. 

The crude ammonium salt from which the ammonium benzene- 
sulphonate had been extracted with ethyl acetate was treated with 
methyl alcohol; a small proportion remained undissolved; both 
portions contained combined silicon. The methyl-alcoholic solution 
gave on evaporation a residue which did not crystallise, and which 
was precipitated with excess of /-menthylamine hydrochloride ; from 
this precipitate a further quantity of crystalline menthylamine 
benzenemonosulphonate was isolated; but the remainder of the 
menthylamine salt, although it separated in crystals from a 
saturated solution of menthylamine hydrochloride, became oily when 
washed with water to free it from the hydrochloride. This oil was 
much more soluble in the presence of menthylamine hydrochloride 
than in pure water, and seemed to be a product of hydrolysis of 
some normal menthylamine salt; as it could not be obtained in 
crystals it was not further examined, but it was probably sim‘lar 
in composition to the vitreous solid described above. 

The ammonium salt insoluble in methyl alcohol was also converted 
into the menthylamine salt; this compound was deposited in an 
oily condition from a mixture of methyl alcohol and ethyl acetate, 
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and when dried at 100° it formed a colourless, vitreous solid, which 
could not be obtained in crystals: 


0°2258 gave 0°4636 CO, and 0°1577 H,O. C=56°0; H=7'8. 

0°2311 ,, 0°0243 SiO,. Si=4°9. 

Si0(C,H,°SO,H,C,,H.,N), requires C=57°5; H=7'8; Si=4°25 per 
cent. 

From these results we may presume that this and the other 
preparations containing silicon which were analysed were possibly 
mixtures of the normal menthylamine salt of diphenylsilicone. 
disulphonic acid and the corresponding menthylamine hydrogen 
salt. 

From 4°5 grams of silicol sulphonated at — 10° we obtained about 
16 grams of menthylamine salts containing silicon, and 2°4 grams 
of pure menthylamine benzenemonosulphonate. 
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LXIII. — Thiotetrahydroquinazolines, Methylenecarb- 


amides, Dicarbanilinomethylenediamines and thew 
Homologues. 


By ALFrepD SENIER and FREDERICK GEORGE SHEPHEARD. 


THE interaction of arylthiocarbimides with arylmethylenediamines at 
temperatures of 150° to 200° results in the formation of cyclic com- 
pounds, cyclic carbamides and quinazolines. When the para-position 
in the aryl group of either the diamine or the thiocarbimide or both 
of them is occupied, thiotetrahydroquinazoline derivatives and a 
diarylthiocarbimide are formed. Thus, in the instance of di-p-tolyl- 
methylenediamine and phenylthiocarbimide, the stages of the reaction 
may be explained : 


CH,(NH:C,H,Me), + Ph:NCS = Ph-NH-CS:NH-C,H,Me + 
N(C,H,Me 
on, <A> 08 
(L) 
0H, <M MeS0s —> cH,<Qpiye>NE 
(IL.) 


The same quinazoline is obtained whether an alkyl group occupies 
the para-position in the diamine or in the thiocarbimide ; this is shown 
in sections 4 and 8 (pp. 499, 502). 
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The following equations corresponding with those given above 
show that this might be expected : 


CH,(NHPh), + C,H,Me-NCS = C,H,Me*-NH-CS:NHPh + 
N(C,H,Me 
CH, <A CoB Me) Sc 
(I.) 
CH, NCH MS 03 > cH, <CleMesne 
(IL.) 

The metastatic rearrangement shown in the second equation is 
similar to the methylenebenzidine metastasis of Eberhardt and 
Welter (Senier and Compton, Trans., 1907, 91, 1928). As will be 
seen from the following diagram, however, the change takes place in 
one ring only, and this is true whether the para-position is occupied 
by an alkyl group in one ring, or, as shown in the diagram, in both 
rings : 


Me Me Me Me 


rr F% fF 
Sw 5. 2 Go ae Ge 
\Z aly, a, al 
N-CH,-N NH CH,-N 


By a modification of the above equations it may easily be shown 
that the condensation of methyleneaniline and p-tolylthiocarbimide 
should give the same tetrahydroquinazoline as that derived from 
diphenylmethylenediamine and p-tolylthiocarbimide. The experiment 
described in section 13 (p. 505) shows that this is true. 

The quinazolines were identified by comparing their properties with 
the nearly related derivatives described by previous investigators 
(Busch, Ber., 1892, 25, 2853; Paal and Commerell, Ber., 1894, 27, 
1866, 2427). These compounds are characteristically difficult to 
desulphurise ; with sodium and ethyl alcohol there is very little action, 
and even when treated with a large excess of sodium in hot amyl- 
alcoholic solution they still retain a considerable proportion of 
sulphur. 

In all instances of higher temperature experiments in which 
thiocarbimides react with methylenediamines containing free para- 
positions, and in all cases where the thiocarbimides are replaced 
by carbimides, unstable cyclic methylene-carbamides or  -thio- 
carbamides are probably formed associated with a diaryl-carbamide or 
-thiocarbamide. The instability of the cyclic methylene-carbamides or 
-thiocarbimides is due to the extreme readiness with which they admit 
of hydrolysis, yielding formaldehyde and diarylcarbamides, which 
products were identified in each experiment. These reactions may be 
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explained by the following equations in the case of phenylcarbimide 
and di-p-tolylmethylenediamine : 
CH,(NH-C,H,Me), + Ph: NCO = NHPh:CO-NH°C,H,Me + 
N(C,H,Me 
CH a co 
(I.) 
cH, <N(C Me) CO + H,0 = CH,0 + NHPh‘CO-NH-C,H,Me 

(1L.) 

That these hydrolytically unstable cyclic carbamides are actually 
formed as intermediate compounds is rendered extremely probable by 
the fact that in two instances, (11) and (12), employing a different re- 
action, in which methyleneaniline is substituted for a methylene- 
diamine, we succeeded in isolating them and proved their extreme 
susceptibility to hydrolysis. 

At the ordinary temperature the .course of the reactions is in 
agreement with previous experiments ; carbanilino- or thiocarbanilino- 


methylenediamines or their homologues are always formed (Senier and 
Goodwin, Trans., 1901, 79, 254; 1902, 81, 283). 


1. Diphenylmethylenediamine and Phenylcarbimide. 


Dicarbanilinodiphenylmethylenediamine, CH,(NPh:CO-NHPh),.— 
Diphenylmethylenediamine, dried in a vacuum over phosphoric 
oxide (1 mol.), was dissolved in dry benzene or dry ether, phenyl- 
carbimide (2 mols.) was added, and the mixture kept for some time in 
a well-corked flask at the ordinary temperature. Small, colourless 
needles soon began to separate, the separation being complete in the 
course of a few hours, when they were collected and washed with dry 
benzene or dry ether. The compound melts and decomposes at 222° 
(corr.) ; it is almost insoluble in be zene or light petroleum, but 
dissolves more readily in ether or chloroform, and easily in alcohol, 
glacial acetic acid, ethyl acetate, or acetone : 

0°1916 gave 05198 CO, and 0:1090 H,O. C=74:01; H=6°36. 

01615 ,, 185 cc. N, (moist) at 18° and 746 mm. N=12-98. 

C,,H,,0,.N, requires C= 74°31 ; H=5:50 ; N=12°84 per cent. 


The decomposition of this compound just above its melting point is 
attended by the liberation of aniline, detected by the bleaching-powder 
reaction, and of a distinct isonitrile odour ; from the residue, carb- 
anilide was isolated. Dicarbanilinodiphenylmethylenediamine is very 
easily hydrolysed into formaldehyde and carbanilide ; the least trace of 
moisture in a solvent used to dissolve it causes hydrolysis on warming, 
thus : 


CH,(NPh:CO-NHPh), = CH,0 + 2CO(NHPh),. 
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Rimini’s test (Amer. Chem. J., 1900, 22, 132) was used for the 
detection of the formaldehyde, which gives a blue colour, quickly 
changing to green and red by treatment with solutions of suitable 
strength of phenylhydrazine hydrochloride, sodium nitroprusside, and 
sodium hydroxide. 

An attempt was made to prepare a monocarbanilino-derivative by 
employing half the proportion of phenylcarbimide, but the dicarb- 
auilinodiamine only was formed. 

The high temperature experiment was conducted in a flask, from 
which moisture was excluded by a drying-tube. The closed tube 
employed in the experiments of Senier and Goodwin was found un- 
necessary. The methylenediamine and phenylcarbimide, in the pro- 
portions given above, were placed in a flask, and heated in an oil-bath 
for about twenty minutes at a temperature rising to 130°. The clear 
liquid at first formed became viscid and finally solid. On treatment 
with cold alcohol, about half dissolved, and the soluble portion on 
examination proved to be carbanilide ; no trace of dicarbanilino-com- 
pound was isolated, nor did the alcoholic solution contain formaldehyde, 
showing that the formation of carbanilide was not due to the hydro- 
lysis of any dicarbanilino-compound. From the residue insoluble in 
alcohol we were unable to isolate a definite compound. The residue, 
however, when warmed with alcohol and dilute hydrochloric acid, was 
readily hydrolysed into carbanilide and formaldehyde. At the higher 
temperature, then, dicarbanilinodiphenylmethylenediamine is not 
formed, but, instead, carbanilide and a methylenecarbamide, which 
we were unable to isolate, but which is indicated by its products of 
hydrolysis, carbanilide and formaldehyde. 


2, Diphenylmethylenediamine and a-Naphthylearbimide. 


Dicarbonaphthylaminodiphenylmethylenediamine, 
CH,(NPh-CO-NH:C,,H.).. 
—At the ordinary temperature, diphenylmethylenediamine (1 mol.) 
and a-naphthylcarbimide (2 mols.) interact, colourless, microscopic 
needles separating from the solution in ether or benzene. These 
darken at 218°, and melt and decompose at about 229° (corr.). 
Dicarbonaphthylaminodiphenylmethylenediamine is almost insoluble 
in benzene or light petroleum, more soluble in ether or chloroform, 
but dissolves easily in alcohol, glacial acetic acid, ethyl acetate, or 
acetone : 


02017 gave 18°6 c.c. N, (moist) at 20° and 774 mm. N=10°77. 
C,,;H,,0.N, requires N = 10°45 per cent. 


This compound is very readily hydrolysed, giving formaldehyde, 
VOL, XCV. K K 
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recognised by Rimini’s test, and crystals of s-phenyl-a-naphthyl. 
carbamide, which melt at 222—223°. 

An experiment at a higher temperature (150°) gave a product 
from which it was found impossible to isolate any definite compound 
except the above-mentioned phenyl-a-naphthylcarbamide. 


3. Diphenylmethylenediamine and Phenylthiocarbimide, 


The thiocarbimides react with the methylenediamines much legs 
readily than the analogous carbimides. At low temperatures in solu- 
tion after keeping for several weeks, a small yield of dithiocarboary)- 
aminomethylenediamine is obtained, whilst at higher temperatures no 
definite compounds appear to be formed unless an aryl group in 
either the diamine or the carbimide contains a para-substituent. 
When this is the case, derived quinazolines are formed. 


Dithiocarbanilinodiphenylmethylenediamine, CH,(NPh-CS-NHPh),, 
—Diphenylmethylenediamine (1 mol.), dissolved in dry ether or dry 
benzene, was treated with phenylthiocarbimide (2 mols.) at the 
ordinary temperature, and set aside for from three to six weeks. At 
temperatures above 30°, a more vigorous action takes place, but its 
character changes ; in an experiment in which the temperature was 
allowed to rise nearly to the boiling point of the benzene used as a 
solvent, an abundant crop of crystals of thiocarbanilide separated on 
cooling. 

Dithiocarbanilinodiphenylmethylenediamine crystallises in prisms, 
which melt at 141—142° (corr.); it dissolves readily in alcohol, 
chloroform, or glacial acetic acid, less so in ether, light petroleum, or 
benzene : 

0°1495 gave 0°3777 CO, and 0:0724 H,O. C=68:90; H=5-29. 

C,,H,,N,S8, requires C= 69°18 ; H=5-17 per cent. 

If a solution of this compound in rectified spirit is warmed for a 
few minutes, its hydrolysis is complete. 

At higher temperatures (150°) this reaction results in a hard, 
glassy product. This was separated into two portions by treatment 
with cold benzene. ‘The insoluble residue consisted chiefly of thio- 
carbanilide. From the solution, on the addition of light petroleum, a 
precipitate was obtained from which no definite compound could be 
isolated, but the latter was readily hydrolysed, giving thiocarbanilide 
and formaldehyde. 
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4, Diphenylmethylenediamine and p-Tolylthiocarbimide. 


Dithiocarbo-p-tolwidinodiphenylmethylenediamine, 
CH,(NPh:CS:NH:C,H,Me).. 
—This compound is obtained from ethereal solution in colourless 
crystals, which melt at 140—141° (corr.) : 


(2175 gave 21°6 c.c. N, (moist) at 16° and 756 mm. N=11'52 

01551 ,, 0°1475 BaSO, S=13-06. 

C,,H,.N,S, requires N =11:29; S=12-92 per cent. 

When dithiocarbo-p-toluidinodiphenylmethylenediamine is heated 
above its melting point, hydrogen sulphide is evolved. Hydrolysis 
with the formation of s-phenyl-p-tolylthiocarbamide and formaldehyde 
may be brought about by warming with dilute acids or with rectified 
spirit ; prolonged boiling with acids effects the decomposition of the 
thiocarbamide with evolution of thiocarbimide. 

3-Phenyl-6-methyl-2-thio-1 : 2:3 : 4-tetrahydroquinazoline, 

H-CS 

C,H,Me CH,-NPh ° 
—At high temperatures (200°), the heating being continued for three 
hours, a crystalline distillate of s-phenyl-p-tolylthiocarbamide collected 
in the cooler parts of the apparatus, and the residue solidified on 
cooling to a mass of nearly colourless crystals. Neither the distillate 
nor the residue gave any evidence of formaldehyde on treatment 
with dilute acids, showing that the reaction at the higher temperature 
is different from that which occurs at the lower temperature; no 
trace of the compound formed at the lower temperature could be 
detected. 

The residue was recrystallised from alcohol several times until the 
melting point was constant. The compound, which for the reasons 
already given we regard as 3-phenyl-6-methyl-2-thio-1 : 2:3 : 4-tetra- 
hydroquinazoline, crystallises in brilliant plates or flat prisms which 
become slightly yellow above 236°, begin to melt at 242°, and melt 
completely at 250° (corr.) : 

0'1540 gave 0°3966 CO, and 0°0791 H,O. C=70:25; H=5°75. 

02266 ,, 21:9 c.c. N, (moist) at 17° and 747 mm. N=11-02. 

01442 ,, 01343 BaSO,. S=12°78. 

C,,H,,N.S requires C = 70°82; H=5°54 ; N=11-03; S=12°61 per cent. 


This compound is almost insoluble in light petroleum, slightly soluble 
in alcohol or ether, more so in benzene or glacial acetic acid and dissolves 
readily in chloroform, acetone, or ethyl acetate. It also dissolves in 
hot concentrated hydrochloric acid, from which it separates unaltered 
on cooling. Concentrated solution of potassium hydroxide in water 

K K 2 
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has no action on it. Replacement of the sulphur by hydrogen by 
treating the alcoholic solution of the base with sodium takes place 
very slowly; in amyl-alcoholic solution it is rather more rapid, but 
in any case large proportions of sodium are required. 

Two platinichlorides were obtained : 

Monoplatinichloride, (C,,H,,N,S8).,H,PtCl,—A solution of chloro. 
platinic acid was added toa solution of the base in acetic acid, when this 
platinum salt separated as a light orange, amorphous powder : 

0°1464 gave 0°0314 Pt. Pt=21°44. 

C,,H,)N,Cl,S,Pt requires Pt = 21-22 per cent. 

Diplatinichloride, C,;H,,N,S,H,PtCl,.—This compound was obtained 
as a dark orange, amorphous precipitate by adding a solution of 
chloroplatinic acid to a solution of the base in alcohol : 

0°1786 gave 0°0521 Pt. Pt=29:17. 

C,,H,,N,Cl,SPt requires Pt = 29°36 per cent. 


5. Diphenylmethylenediamine and o0-Tolylthiocarbimide. 


Dithiocarbo-o-toluidinodiphenylmethylenediamine, 
CH,(NPh-CS:NH:C,H,Me),. 
—Colourless crystals of this unstable compound, which melted at 
121—123°, separated from the solution in benzene or ether. Decom- 
position takes place at the ordinary temperature, and is more rapid on 
warming, with evolution of thiocarbimide : 
0°1931 gave 19°9 c.c. N, (moist) at 17° and 761 mm. N=11°98. 
0:1262 ,, 01199 BaSO,. S=12°52. 
C9H,.N,S, requires N=11'29 ; S=12-92 per cent. 

The high percentage of nitrogen and the low percentage of sulphur 
found is doubtless due to the loss of thiocarbimide during the prepara- 
tion. This compound dissolves sparingly in light petroleum or 
benzene, more readily in alcohol or ether, and easily in chloroform or 
glacial acetic acid. Hydrolysis takes place quickly when the com- 
pound is warmed with dilute acid. 

At higher temperatures (200°) the course of the reaction was 
similar to that observed above (3), and the only compound we were 
able to isolate was s-pheny]-o-tolylthiocarbamide. 


6. Di-p-tolylmethylenediamine and Phenylecarbimide. 


Dicarbanilinodi-p-tolylmethylenediamine, 
CH,[N(C,H,Me)*CO-NHPh].. 
—Di-p-tolylmethylenediamine, m. p. 85—86°, was prepared by Eber- 
hardt and Welter’s method (Ber., 1894, 2'7, 1808), and was treated 
with phenylcarbimide in the usual manner. Well-formed, colourless 
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prisms were obtained, which, after recrystallisation from alcohol, 
melted at 171° (corr.): 

02418 gave 0°6615 CO, and 0'1410 H,O. C=74°61; H=6°52. 

0:1850 ,, 186 c.c. N, (moist) at 18° and 768 mm. N=11°74. 

C9H,gO.N, requires C=74:95 ; H=6-07 ; N=12:06 per cent. 

Dicarbanilinodi-p-tolylmethylenediamine is slightly soluble in light 
petroleum or ether, more soluble in benzene, and readily so in other 
usual organic solvents. It is more stable than the other compounds of 
its class described in this paper. It may be recrystallised from warm 
rectified spirit without decomposition ; if, however, a small proportion 
of acid is present, hydrolysis takes place with the evolution of form- 
aldehyde and the formation of s-phenyl-p-tolylcarbamide. The 
carbamide was identified by analysis, by its melting point, and also by 
the absence of depression of the melting point in the case of a mixture 
of the compound with a specimen of the carbamide prepared in the 
ordinary way. 

An attempt was made to prepare monocarbanilinodi-p-tolyl- 
methylenediamine by bringing together at the ordinary temperature 
di-p-tolylmethylenediamine (1 mol.) and phenylcarbimide (1 mol.) in 
benzene solution. Crystals of s-phenyl-p-tolylcarbamide separated, 
and a further crop of crystals were obtained by the addition of light 
petroleum to the solution. No monocarbanilino-compound was formed, 
but after removal of the carbamide, on evaporation of the clear 
benzene solution to dryness, and treatment of the residue with warm 
alcohol, small needles were obtained which melted at 207—208°, and 
were identified as the isomeric methylene-p-toluidine of Eberhardt and 
Welter (Joc. cit.) ; thus the monocarbanilino-compound, if formed at 
all, decomposes into s-phenyl-p-tolylearbamide and methylene-p- 
toluidine, 

An experiment at higher temperatures (160°) resulted in the 
formation of s-phenyl-p-tolylearbamide, only slightly soluble in 
benzene, and in the benzene solution, an unstable compound, probably 
methylenephenyl-p-tolylcarbamide. The latter compound could not 
be isolated, but the products of its hydrolysis, formaldehyde and 
s-phenyl-p-tolylcarbamide, were identified. 


7. Di-p-tolylmethylenediamine and a-naphthylcarbimide. 


Dicarbonaphthylaminodi-p-tolylmethylenediamine, 
CH,[N(C,H,Me):CO-NH°C, ,H,},. 
~—The reaction at the ordinary temperature yielded, from benzene 
solution, needles which melted at 23°5—-224°5° (corr.) : 
0'2280 gave 20°2 c.c. N, (moist) at 19° and 767°5 mm. N-=10°28. 
C,,H;,0,N, requires N = 9°93 per cent. 
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The above compound is very slightly soluble in ether, light 
petroleum, or benzene, but dissolves more easily in ethyl acetate, 
chloroform, or glacial acetic acid. It readily undergoes hydrolysis, 
giving formaldehyde and s-p-tolyl-a-naphthylearbamide (see below). 

Experiments were made at higher temperatures. As in other cases, 
the methylenecarbamide probably formed could not be isolated, but 
both products of its hydrolysis were identified. 

s-p-Tolyl-a-naphthylearbamide, C,H,Me*-NH-CO-NH-C,,H,.—This 
substance, which does not appear to have been previously described, 
was also prepared by the interaction of a-naphthylecarbimide and p- 
toluidine in ethereal solution. It crystallises in needles, which melt at 
234° (corr.) : 

0°2248 gave 20°0 c.c. N, (moist) at 18°5° and 774 mm. N=10°42. 

C,,H,,ON, requires N = 10°15 per cent. 

In most organic solvents this compound is readily soluble, but it is 

only sparingly soluble in light petroleum, chloroform, or ether. 


8. Di-p-tolylmethylenediamine and Phenylthiocarbimide, 


Dithiocarbanilinodi-p-tolyimethylenediamine, 
CH,{N(C,H,Me):CS-N HPh],. 
—The above compound is obtained at the ordinary temperature, and 
crystallises from its ethereal solution in small, colourless prisms, which 
melt and decompose at 225° (corr.) : 
0°2184 gave 0°5628 CO, and 0°1130 H,O. C=70°26; H=5°79. 
C,,H,.N,S, requires C = 70°09 ; H =5-68 per cent. 

On hydrolysis this compound yields s-phenyl-p-tolylthiocarbamide 
and formaldehyde. 

The condensation at a high temperature (200°) was conducted in 
the same manner as before. The course of the reaction and the 
products obtained were precisely the same as in the case of the 
interaction of diphenylmethylenediamine and _ p-tolylthiocarbimide 
(section 4): the distillate yielding s-phenyl-p-tolylthiocarbamide, and 
the residue, 3-phenyl-6-methy1-2-thio-1 : 2:3 : 4-tetrahydroquinazoline. 
This fact is referred to in the first part of this paper. 


9. Di-p-tolylmethylenediamine and p-Tolylthiocarbimide. 


Dithiocarbo-p-toluidinodi-p-tol ylmethylenediamine, 
CH,[N(C,H,Me)-CS:NH-C,H,Me],. 
—The experiment at the-ordinary temperature yields crystals melting 
at 174° (corr.): 
0°1629 gave 0°4246 CO, and 0:0988 H,O. C=71:09; H=6°78. 
C,, H,.N,S, requires C = 70°94 ; H=6'15 per cent. 
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The above compound gives formaldehyde and _ s-di-p-tolylthio- 
carbamide when hydrolysed. The melting point of the latter (176°) 
is very near that of the former compound, and their percentage 
compositions are nearly the same, but the identity of the substituted 
diamine was established by its yielding formaldehyde on hydrolysis, 
and by the fact that the melting point of a mixture of this compound 
with a specimen of the carbamide showed a decided depression. 
3-p-Tolyl-6-methyl-2-thio-1 : 2: 3: 4-tetrahydroquinazoline, 
NH-CS ‘ 
OH Moc or ReO,EL Me 
—The experiment at a higher temperature (200°) was conducted in 
the same manner as before (section 4). The crystalline distillate, 
after recrystallisation from alcohol, melted at 176° and proved to be 
s-di-p-tolylthiocarbamide. The residue was recrystallised from alcohol, 
dissolved in benzene, and filtered. Light petroleum was added, and, 
on keeping, colourless, glistening plates separated, which were collected 
and dried. The compound becomes yellow above 234°, softens at 255° 
and melts completely at 262° (corr.). It is slightly soluble in light 
petroleum, more so in alcohol or ether, and dissolves readily in benzene, 
chloroform, or ethyl acetate : 
02199 gave 0°5781 CO, and 0:1195 H,O. C=71:°69; H=6°08. 

C,,H,,N,S requires C=71°60 ; H=6°01 per cent. 


10. Di-p-tolylmethylenediamine and o-Tolylthiocarbimide. 


Dithiocarbo-o-toluidinodi-p-tolylmethylenediamine, 
CH,[N(C,H,Me)-CS:‘NH-C,H,Me),. 
—From the experiment conducted at the ordinary temperature 
colourless needles were obtained which melt at 141° (corr.) : 
0°1534 gave 0:3983 CO, and 0:0890 H,O. C=70°81 ; H=6°49. 
C,,H,,N,8, requires C = 70°84 ; H= 6°15 per cent. 

This compound dissolves sparingly in light petroleum or benzene, 
more readily in alcohol or ether, and easily in chloroform or glacial 
acetic acid. On warming with rectified spirit, hydrolysis takes place 
with liberation of formaldehyde, and, on heating with hydrochloric 
acid, formaldehyde and, finally, thiocarbimide are given off. 

3-0- Tolyl-6-methyl-2-thio-1 : 2 :3 : 4-tetrahydroquinazoline, 

NH-CS 
CoH, Me< oy .N-C,H, Me™ 
—In this experiment at the higher temperature (200°) no distillate 
collected. The residue, after cooling, consisted of a red, glassy mass ; 
this was dissolved in hot alcohol, which, on standing, deposited 
crystals and finally an oil, which afterwards solidified. The crystals 
were redissolved in alcohol, from which glistening, colourless needles 
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were obtained. The melting point is not sharp; the substance 
darkens above 230° and softens at 255°, complete fusion taking place 
at 262° (corr.) : 

0:1832 gave 0:4821 CO, and 0:1020 H,O. C=71'74; H=6:23, 

C,,H,,N.S requires C=71°60 ; H=6-01 per cent. 

The compound is almost insoluble in light petroleum, not very 
soluble in alcohol or ether, more so in benzene, but dissolves easily in 
ethyl acetate, chloroform, or glacial acetic acid. 


ll. Methyleneaniline and Phenylcarbimide. 


Methylenediphenylcarbamide, CH,<y py >CO. — Methyleneaniline 
(1 mol.) was dried in a vacuum over phosphoric oxide 
dissolved in dry benzene, and phenylearbimide (1 mol.) was 
added to the solution. The mixture, from which moisture was care- 
fully excluded, was allowed to stand, when, in the course of a week, 
a crop of colourless crystals separated. After washing with dry 
benzene, the crystals melted at 197°5—198°5° (corr.) : 

0°2105 gave 23-2 c.c. N, (moist) at 18° and 7665 mm. N=12°85, 

C,,H,,ON, requires N = 12-50 per cent. 

Methylenediphenylcarbamide is insoluble in alcohol, very sparingly so 
in benzene, ether, or light petroleum, but dissolves easily in acids. 
On warming with acids, or even with water, hydrolysis takes place 
with formation of carbanilide and formaldehyde. 

In the high temperature experiment in the case of the interaction 
of diphenylmethylenediamine and phenylcarbimide (section 1), evidence 
is given of the probable formation of this methylenecarbamide, 
although we were unable to isolate it. It was expected therefore 
that the compound would prove to be very unstable, as is now shown 
to be the case. 


12. Methyleneaniline and a-Naphthylcarbimide. 


oe 
N(C, H 700. — The 
reaction was brought about in exactly the same manner as in 
the last experiment. A small yield of colourless crystals separated 
from the ethereal solution on keeping. The melting point is not 
sharp ; it depends on the rate of heating, and lies between 170° and 
190°: 
0°2168 gave “y 2 c.c. N, (moist) at 19° and 768 mm. N=10°29. 
C,,H,,ON, requires N = 10°22 per cent. 


Methylenephenyl-a-naphthylearbamide, CH,< 


ie ee ee ee. ee 


REYNOLDS: SILICON RESEARCHES. PART XI. 


13. Methyleneaniline and p-Tolylthiocarbimide, 


No reaction takes place at the ordinary temperature, and this 
appears to be the case generally with methyleneanilines and thio- 


carbimides. 

It seems possible that at a higher temperature, owing to the para- 
position in the thiocarbimide being occupied, a quinazoline derivative 
might be formed. As already pointed out, this proved to be the case. 
The substances in equal molecular proportions were heated together at 
200° for three hours, A dark red, viscid solid resulted, having an 
odour of thiocarbimide. This was dissolved in alcohol or benzene, 
from which crystals separated which were identified as 3-pheny]-6- 
methyl-2-thio-1 : 2:3 :4-tetrahydroquinazoline. The yield of the base 
in this instance is inferior to that obtained by the reactions described 
in sections (4) and (8). It is associated with a red oil, from which it 
is difficult to separate. 


UNIVERSITY COLLEGE, 
GALWAY. 


LXIV.—Silicon Researches. Part XI. Silicotetrapyrrole. 
By J. Emerson ReyNoips. 


Most of the work recorded in former papers of this series dealt with 
the action of silicon halides on organic compounds which include the 
amino-group, such as the anilines, toluidines, and naphthylamines. 
In the course of the inquiry it has been shown for the first time that 
perfectly well-defined and often finely-crystallised substances can be 
obtained in which silicon is wholly combined with nitrogen. This 
new class of compounds, and their chief products of change, having 
now been sufficiently described, I propose to give an account of some 
similar work recently carried out with imides and nitriles. 

The particular imide used was pyrrole, C,H,N, as its nitrogen 
forms part of a ring instead of merely serving for the attachment of a 
side-chain to a carbon ring ; moreover, it was intended subsequently to 
apply a synthetic reaction of pyrrole to silicochloroform, as described 
in Part XII (this vol., p. 508), and a preliminary examination of 
the action of the base with silicon tetrachloride became necessary ; the 
results obtained in this direction now follow. 

When silicon tetrachloride and dry pyrrole are brought together, 
the two liquids do not mix, and no change occurs even on warming. 
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This indifference is in strong contrast with the violent action of 
aniline on the silicon halide under similar conditions. Addition of 
benzene, which mixes freely with both pyrrole and silicon chloride, 
does not lead to material interaction between the two substances ; no 
sensible heat is evolved, although the mixture slowly assumes a 
brown colour, and a brown substance gradually deposits on the 
sides of the containing vessel. 

The examination of this brown, amorphous substance ultimately 
led to the conclusion that it is a variable mixture of a condensed 
pyrrole, chiefly tripyrrole, with an additive compound of pyrrole and 
silicon tetrachloride. Several preparations were made and examined, 
buf in no case did the percentage of silicon in the dry product exceed 
3°61 per cent. Apart from the incidental production of the additive 
compound, it is evident that direct action of silicon tetrachloride on 
pyrrole is somewhat similar to that of hydrochloric acid and other 
acids in determining molecular condensation. 

As direct attack was practically useless for the replacement of the 
imidic hydrogen in pyrrole, an indirect method was employed, which 
proved to be quite successful ; this consisted in first forming potassium 
pyrrole, C,H,NK, and then acting on that substance with silicon 
tetrachloride. 


Preparation of Potassium Pyrrole. 


There is no material difficulty in the preparation of potassium 
pyrrole, but it is easy to destroy much expensive pyrrole in the 
process unless certain precautions are taken ; hence a short description 
of the method which afforded me the best results may prove useful 
to others. 

Twenty c.c. of dry pyrrole were diluted with about eight volumes 
of a petroleum which boiled at about ,110°, that is, well above the 
melting point of potassium. Such a mixture was gently warmed, and 
metallic potassium was gradually added in small, clean pieces, the 
total weight required for the above volume of pyrrole being 11 grams. 
The addition of each piece of the metal caused brisk evolution of 
hydrogen, while potassium pyrrole separated out as a fine, nearly white 
precipitate. During the early stages of the preparation, the flask in 
which the operation took place required external cooling, but at the 
end, the temperature was raised so as to melt the potassium in order 
to secure complete action—hence the use of petroleum boiling about 
110°. When all metallic particles had disappeared, the potassium 
pyrrole was rapidly collected (using a funnel plugged with asbestos) 
with as little exposure to air as possible ; the precipitate was then 
well washed with light petroleum of,low boiling point, and dried in a 
current of hydrogen. The slightly yellow-coloured powder so obtained 
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must be carefully protected from moisture ; otherwise it will quickly 
decom pose, yielding potassium hydroxide and pyrrole. 


Formation of Silicotetrapyrrole. 


Silicon tetrachloride acts violently on potassium pyrrole, and much 
pyrrole is destroyed, but when the interaction is carried out as 
iescribed below, it proceeds regularly in accordance with the equation : 

SiCl, + 40,H,NK = KCl + (C,H,N),Si. 

Twenty-one grams of potassium pyrrole in very fine powder were 
placed in a flask fitted with a reflux condenser, and about 100 c.c. of 
light petroleum (b. p. 60—65°) were added. The flask was at first 
immersed in a freezing mixture of ice and salt, and when sufficiently 
cooled, a mixture of 8°5 grams of silicon tetrachloride, diluted with 
50 c.c. of light petroleum, was gradually added, the contents of the 
faskk being freely shaken. If the addition be very slowly effected, 
and the temperature be well kept down by cooling, comparatively 
little of the brown decomposition products are obtained. The potassium 
pyrrole should be in excess, and at the end of the operation a gram or 
so of the potassium compound was added, the mixture well shaken, and 
then allowed to stand overnight. 

The separation of the silicotetrapyrrole formed from potassium 
chloride was effected in a Soxhlet extraction tube provided with a 
good layer of dry asbestos to act as a filter. The extractor was fitted 
in the usual way with flask and condenser, the former containing 
some light petroleum ; when the process of extraction was started, 
the boiling light petroleum dissolved the silicopyrrole compound, 
leaving potassium chloride. Light petroleum was found to have the 
great advantage over benzene and other good solvents for the pyrrole 
compound in that it does not dissolve the brown-coloured by- 
products of the interaction. 

The hot light petroleum solution in the flask deposits much of its 
‘ilicopyrrole on cooling in the form of small, brilliant, and nearly 
colourless needles, which only require recrystallisation from fresh and 
boiling light petroleum for complete purification. With a sample so 
purified, the following analytical data were obtained : 

0:0962 gave 0:23 CO, and 0:0508 H,O, C=652; H=5°86. 

01167 ,, 18°35 cc. N, (moist) at 18° and 770mm, N=19-06. 

02197 ,, 0°046 SiO,. Si=9°77. 

02523 ,, 0°0521 SiO,.- Si= 9-62. 

(,H,,N,Si requires C = 65°75 ; H=5-48 ; N=19°17 ; Si= 9°59 per cent. 

Silicotetrapyrrole, Si(NC,H,),, when pure, crystallises from light 
petroleum in short, colourless prisms, but if the solution be very slowly 
cooled, they can be obtained from 2 to 3 cms, in length. ‘The crystals 
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melt at 173°4° (corr.); if the heating be continued, the liquid 
gradually darkens until it becomes almost black, while a portion 
volatilises and condenses in crystalline form on the sides of the 
tube in which the melting-point determination is carried out. 

The substance is only slightly soluble in cold light petroleum, but 
is much more soluble in the boiling liquid. It is easily soluble 
without change in benzene, chloroform, or carbon disulphide, 
Anhydrous ether dissolves it without apparent decomposition ; it js 
also soluble in absolute alcohol, but with ultimate decomposition. 

The easy solubility of the compound in benzene, and the stability of 
the solution, rendered that solvent suitable for the determination of 
the molecular weight of the silicon compound by the boiling-point 
method. The data obtained, using a Beckmann’s special thermometer, 
were as follows : 

0°5304, in 13°187 benzene, gave At 0°37°; whence M.W. = 290. 

C,,H,,N, Si requires M.W. = 292. 

A similar determination of the molecular weight of silicotetra- 
phenylamide gave 402, instead of 396 as required by the formula 
Si(C,H,),. There is therefore no doubt that both the pyrrole and the 
phenylamine silicon compounds exist as simple molecules in boiling 
benzene solution. 

Silicotetrapyrrole is a comparatively stable substance in the absence 
of moisture and air. It does not give off pyrrole on heating until the 
temperature is so high that the material carbonises ; and no such 
intermediate changes appear to take place as those observed and 
examined in the case of the compound Si(NC,H,),. This greater 
fixity is doubtless due to the fact that each nitrogen atom forms part 
of a pyrrole ring, and is externally combined only with silicon. 

Tue Davy-Farapay LABORATORY, ; 
ALBEMARLE STREET, 
Lonpon, 


LX V.—Silicon Researches. Part XII. The Action of 


Silicochloroform on Potassium Pyrrole. 


By J. Emerson Reynowps. 


Tue facility with which the substance described in the preceding 
paper, Si(NC,H,),, can be obtained by interaction between silicon 
tetrachloride and potassium pyrrole, indicated the probability that silico- 
chloroform, SiHCl,, would afford at least the compound SiH(NC,H,), 
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and that it might be possible to form at the same time a compound 
induding a carbon-silicon-nitrogen ring. The chief ground for the 
latter expectation is that ordinary chloroform aud potassium pyrrole 
interact energetically and afford a small proportion of a chloro- 
substituted pyridine. This synthesis of pyridine from pyrrole may be 
represented as follows : 


CH l 
x - << 
cH t+ CHCl, + KCl+ HCl. 


a 
NK 

If silicochloroform, SiHCl,, be analogous to chloroform, CHCl,, in 
general relations as it is in composition, the former. should be able to 
supply the SiH group required to form a silicopyridine ring from 
pyrrole, The experiments were made in the first instance with a view 
to applying this synthetic test, and the two substances were employed in 
equimolecular proportions. 

Potassium pyrrole was placed in a flask, which was cooled to — 8° in 
a freezing mixture, and silicochloroform, also cooled, was allowed to 
drop on the solid pyrrole compound. Violent action took place with 
blackening and evident decomposition of pyrrole, the only re-ognisable 
product being a small proportion of silicotetrapyrrole. 

Another experiment similarly conducted, but at the temperature of 
amixture of solid carbon dioxide and alcohol, led to more definite 
results. In this case the silicochloroform used was previously diluted 
with twice its volume of a light petroleum which could be distilled 
without leaving any residue at 65°. In this case, also, vigorous action 
took place, even at the low temperature, but much less diszoloration 
occurred, Every effort was made to secure complete interaction, and 
the mixture was allowed to stand for several days. 

The contents of the flask when opened on the fourth day fumed 
much, indicating the presence of excess of silicochloroform.. On dis- 
tillation from a water-bath, about one-third of the silicochloroform 
was recovered unchanged along with all the light petroleum. A 
glycerol bath was then substituted for the water-bath and the tempera- 
ture gradually raised to 135°, but only a few drops of liquid distilled, 
which included some free pyrrole. At 140° nothing further distilled, 
but on diminishing the pressure to 50 mm. several c.c. of a 
colourless, fuming distillate were quickly obtained. The dark residue 
did not give any further volatile matter on heating to a much higher 
temperature in a vacuum. 

The fuming liquid so obtained, when redistilled, gave a portion 
boiling at 135°/50 mm., and this was found to be easily decomposed by 
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water and to contain silicon, chlorine, anda pyrrole residue. This liquid 
gave Si=17°2 and Cl=44-4 per cent., approximately the ratio of 
Si: 2Cl, whilst SiHCl,-NC,H, requires Si= 16°87 ; Cl= 42-7 per cent, 

The liquid is, no doubt, this monopyrrole derivative of silico. 
chloroform, containing a little of the latter unchanged, and no trace of 
any substance of a pyridine nature could be obtained in the residue 
from which this liquid was distilled. 

It was obvious from the result of the experiment just described that 
the use of a larger proportion of potassium pyrrole would probably lead 
to the formation of the substance SiHCl(NC,H,),, but it seemed 
inadvisable to use up valuable materials for this purpose, as it was 
more important to ascertain whether all the chlorine in silicoch!oroform 
could be replaced by pyrrole residues. The following experiment was 
therefore made. 

Forty grams of potassium pyrrole were prepared as_ before, but 
instead of filtering off the product from the petroleum boiling below 
110°, in which it was formed, the solid was allowed to remain diffused 
through the liquid in a very fine state of division. The flask 
containing this mixture was then connected with an apparatus 
supplying pure and dry hydrogen, so that the gas could be made to 
bubble through the turbid liquid. An arrangement was provided by 
means of which the gas current could be made to pass at will over 
15 grams of silicochloroform contained in a bulb-tube, so that the 
vapour could be carried along and react with the potassium pyrrole. 
By careful management, this method worked well, and but little of the 
dark secondary products were formed. At the outset wuch heat was 
evolved, but it was considered preferable to keep this down by 
regulating the supply of gas and vapour rather than by external 
cooling. When all the silicochloroform had been passed into the 
mixture, the flask was sealed and its contents allowed to stand over- 
night. When the vessel was opened, there was no fuming, indicating 
that the silicochloroform was used up ; nevertheless the mixture was 
heated for some time nearly to the boiling point of the petroleum and 
filtered while hot. The residue was repeatedly extracted with hot 
light petroleum (b. p. 70°) until nothing further was removed. That 
this extraction was complete there could be no doubt, as hot benzene 
failed to extract anything from the mass, which latter consisted 
almost wholly of the potassium chloride expected to result from the 
interaction. 

The filtrates were mixed and formed a somewhat green-coloured 
liquid. This was distilled down to a small bulk, the distillate proving 
to be nearly quite free of any silicon compound. The residual liquid, 
which was now much more strongly coloured, gave, on cooling, groups 
of needle-like crystals. After separation of these, the liquid was 
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further concentrated by distillation, and successive small crops of 
similar crystals were obtained. 

This crystalline substance was purified by means of low-boiling 
light petroleum with as little loss as possible. The approximate 
weight obtained was 2°9 grams, and this resembled the compound 
described in the preceding paper, Si(NC,H,),, and melted at 173°: 

0245 gave 0°0513 SiO,. Si=976. 

C,¢H,,N,Si requires Si= 9°59 per cent. 

There is therefore no doubt that it is silicotetrapyrrole, probably 
representing a small percentage of silicon tetrachloride in the silico- 
chloroform. 

The examination of the green residual liquid was then proceeded ~ 
with. It was placed in a distilling flask, which latter could be 
connected at will with an air-pump. The liquid was heated gradually 
under the ordinary pressure until it reached 145°, at which nothing 
further distilled over. The distillate first obtained contained a little 
residue from the light petroleum, and some apparently unchanged 
pyrrole, but mere traces of any silicon compound. 

The liquid was then slowly heated to 210°, and practically nothing 
distilled, but when that temperature was reached, there were signs of 
incipient decomposition ; hence it was reduced to 200°, and the pressure 
gradually lowered to 25 mm. Even at this low pressure no further 
distillate could be obtained, and the temperature could not be pushed 
beyond 220° without decomposition. This liquid, which did not distil at 
220°, even at low pressures, was of a very dark greencolour. It did not 
deposit any crystalline or other matter on standing for more than 
a month, and appeared to be perfectly homogeneous. It was found 
to contain silicon and a pyrrole residue, and mere traces of chlorine ; 
hence no chlorosilicopyridine could be present. 

The following analytical data were afforded by this liquid : 

05996 gave 0°1578 SiO,. Si=12°28. 

02238 ,, 346 c.c. N, (moist) at 15:1° and 766 mm. N=18:11. 

The ratio of Si: N is therefore 1 : 2°94. 

SiH(NC,H,), requires Si=12°3 ; N=18°49 per cent. Si:N=1:3. 

It is evident that in the course of the interaction which takes place, 
under the conditions stated above, between silicochloroform and 
potassium pyrrole, a large proportion of the former takes part only in 
the change represented by the equation : 


SiHCl, + 3KNC,H, = SiH(NC,H,), + 3KCl. 


The molecular weight of the liquid should be 227, and this was 
confirmed by a determination by the boiling-point method : 


0612 in 13°187 benzene gave At 056°, M.W.=221. 
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This curious liquid did not exhibit any characters resembling those 
which a silicopyridine ring might be expected to possess ; it is readily 
decomposed by water and alcohol, by acids and alkalis, although stable 
enough in light petroleum, benzene, carbon disulphide, or other 
indifferent solvents. 

It is perfectly clear from the work described in this paper that 
silicochloroform does not act in a similar manner to ordinary 
chloroform with potassium pyrrole. The course of change taken by 
the former is such as we might expect a quasi-metallic chloride 
to follow; thus the analogy between silicon and carbon breaks down 
at this point, as at some others noted in the course of this study 
of the action of nitrogen compounds on silicon halides. Neither 
has silicon so far shown itself to be a “ring-” forming element like 
carbon. Silicon atoms have, in fact, but little tendency to unite 
directly—they seem to require the interposition of a multivalent 
element, such as oxygen, or a group, such as NH: The classical 
researches of Friedel, Ladenburg, and others have shown that in 
nearly all cases of silico-organic compounds the function of the single 
atom of silicon present in the molecule is quasi-nuclear. The 
same thing is noticeable in the recent and interesting extensions of the 
older work by Kipping and others ; radicles may be varied indefinitely 
in silicon hydride, SiH, but the type remains. 
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LXVI.—Silicon Researches. Part XII. — Silicon 
Halides and Pyridine, Acetonitrile, ete. 
By J. Emerson REyYNOLDs. 


From the experience obtained with pyrrole, it was inferred that 
organic substances, including nitrogen wholly combined with carbon, 
would react feebly, if at all, with silicon halides. A series of experi- 
ments carried out in order to test this point confirmed this view in 
respect to pyridine, acetonitrile, propionitrile, and benzonitrile. 

Pyridine reacts vigorously with silicon bromide and chloride, but 
with the former proceeds more regularly ; hence the chief experiments 
were made with silicon tetrabromide. 

Sixty-four grams (about 8 mols.) of freshly-distilled pyridine, 
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diluted with 2 vols. of benzene, were gently warmed in a flask, 
and 35 grams (1 mol.) of pure silicon tetrabromide then gradually 
added. Much heat was evolved, and a white substance separated. 
When the addition was complete, the mixture was heated on a 
water-bath for an hour, in order to secure complete action. 

The precipitate was collected, washed with pyridine, well drained by 
the aid of the pump, and dried over sulphuric acid for a week, in order 
to remove excess of pyridine. As pyridine hydrobromide is soluble in 
free pyridine and benzene, this product could only be a silicon com- 
pound. It is a white, amorphous powder, which fumes in moist air, 
and is resolved by water into pyridine hydrobromide, hydrobromic 
and silicic acids. The substance presented all the characters of an 
additive compound, and the analytical data confirmed that 
conclusion : 


Found, Si=5°82; Br= 64:2. 

SiBr,,2C,H,N requires Si=5‘53 ; Br=63-24 per cent. 

The slight excess of silicon tetrabromide found is evidently due to 
some dissociation taking place on standing over sulphuric acid. 

Silicon tetrachloride yields a similar additive compound, 

SiCl,,2C,H,N, 
which was also obtained by Harden (Trans., 1887, 51, 40), and need 
not be further noticed. 

Acetonitrile.—8°5 c.c. of the nitrile, boiling at 81°6°, were added to 
62 cc. of undiluted silicon tetrabromide ; these proportions repre- 
sent 4 molecules of nitrile toone of the bromide. There was imme- 
diate action, and sufficient heat was evolved to require external 
cooling. A crystalline precipitate formed on standing. The mixture 
was sealed up in a tube, the contents warmed so as to dissolve the 
crystalline matter, and the tube then set aside for a considerable 
time. When next examined, an oily substance had separated from 
the liquid, and this gradually solidified to a crystalline mass. 

This substance fumes in air, and it is easily decomposed by heat 
into silicon tetrabromide and the nitrile ; it is therefore an additive 
compound. On analysis: 


Found, Si=6°6. 
SiBr,,2(CH,*CN) requires Si= 6°51 per cent. 


Propionitrile.—Eleven c.c. of the nitrile, boiling at 98°, were mixed 
with 6°2 c.c. of silicon tetrabromide. The liquids mixed freely, with 
very slight rise in temperature ; no solid matter separated, even after 
standing in a sealed tube for some months, but droplets of an oil 
formed in the liquid when cooled. This oily substance, however care- 
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fully separated from the liquid in which it had formed, did not give 
concordant results on analysis ; it seemed to be a mixture of a very 
feeble additive compound with an excess of silicon tetrabromide. 
Benzonitrile, under similar conditions, did not afford any evidence 
of even feeble union with silicon tetrabromide or chloride. 
THE Davy-FARADAY LABORATORY, 


ALBEMARLE STREET, 
LONDON. 


LXVII.—The Ignition-Temperatures of Gases. 


By Harotp Batty Dixon and Husert Frank Cowarp. 


THE determination of the ignition-temperatures of inflammable 
gases has been attempted by numerous investigators in various 
ways; the results obtained are widely divergent, not only for 
separate series of observations, but to a smaller extent in each 
series. 

The results of Sir H. Davy (Phil. Trans., 1816, 7) are now 
interesting only from an historical point of view. He found 
that hydrogen and hydrogen sulphide inflamed when mixed with 
air at “the lowest visible heat of iron and charcoal.” Ethylene 
and carbon monoxide were fired by both charcoal and iron heated 
to redness. Methane was not inflamed by an iron rod at “the 
highest degree of red heat, and the common degree of white heat,” 
but an iron rod “in brilliant combustion” succeeded. 

Bunsen (Gasometrische Methoden, 1st edition, 1857, 2nd edition, 
1877) determined the limiting dilution of electrolytic gas with 
hydrogen, oxygen, and carbon dioxide beyond which the mixture 
was no longer inflammable. The temperature of the flame which 
travelled through the mixtures that were only just inflammable 
was calculated. This he regarded with some hesitation in the first 
edition of the Gasometrische Methoden as the ignition-temperature 
of hydrogen. In the second edition he quoted only the corrected 
number for the oxygen dilution experiments as the ignition- 
temperature, namely, 743°6°. Bunsen’s method is open to two main 
objections, first, the fact that electrolytic gas alone does not ignite 
with an ordinary spark below 70 mm. pressure (Meyer and Seubert, 
Trans., 1884, 45, 587; H. B. Dixon, Phil. Trans., 1884, 1'75, part 2, 
634), and, secondly, the results obtained with different diluents are 
widely discordant, namely, 2116°, 1760°, and 857° are given for 
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the ignition points of hydrogen when carbon dioxide, hydrogen, 
and oxygen respectively are used as diluents. 

More recent investigations may be classed into three main groups 
according to the experimental conditions : 

I. A bulb containing the mixed gases was plunged into a bath 
at constant temperature ; 

II. A stream of the mixed gases was passed through a tube in a 
bath which was being gradually heated. up ; 

III. The adiabatic compression, just sufficient to cause ignition, 
was used to calculate the temperature of the mixture at the 
ignition point. 

The results obtained by these methods for hydrogen and oxygen 
are collected in the following table: 


TaB.Le I, 


Method. Observers. Ignition-temperatures. 
I, V. Meyer, Krause, Askenasy! ... 518—606° 
: 589 
Emich ” 571—608 (with excess of oxygen). 
575—607 (with excess of hydrogen). 
Mallard and Le Chatelier? ......... 550 
Bodenstein 4 653—710 
Mitscherlich § 
V. Meyer and Freyer ® 
Gautier and Helier? 


540 (2H, +0.) 
514 (H, +0.) 
580 (H,+20,) 


It is to be noted that when the gases were heated in sealed bulbs 
the pressure at the ignition point was roughly three times the 
initial pressure; and when the gases were fired by adiabatic com- 
pression the pressure at the ignition point was roughly thirty-nine 
times the initial pressure. 

The observations recorded for gases other than hydrogen are very 
few. 

Mallard and Le Chatelier found, by passing different mixtures of 
carbon monoxide and oxygen or air through a heated tube, an 
ignition-temperature of 630—680°. Dilution with carbon dioxide 
raised the ignition-temperature to 695—725°. These investigators 
also gave 600—660° as the ignition-temperature of methane. 


' Annaler, 1891, 264, 85 ; 1892, 269, 49. Ber., 1892, 25, 622; 1893, 26, 429, 
2421. Zeitsch. physikal. Chem., 1898, 11, 28. 

* Monatsh., 1900, 21, 1061. 3 Compt. rend., 1880, 91, 825. 

* Zeitsch. physikal. Chem., 1899, 29, 665.  ° Ber., 1893, 26, 163. 

® Ber., 1892, 25, 622. 7 Compt. rend., 1896, 122, 566. 

® Ann. Chim. Phys., 1897, [vii], 10, 521. 

* J. Amer. Chem. Soc., 1906, 28, 1517 ; 1907, 29, 1536. 

LL 2 
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V. Meyer and Freyer (Zeitsch. physikal. Chem., 1893, 11, 28) 
obtained the following limiting values for ignition-temperatures: 


Tas.eE II, 


Ignition-temperature of 


Mixture. Free current of gas. Gas in closed bulb. 
Methane and oxygen 650°—730° 606°—650° 
Ethane and oxygen 606 —650 530 —606 
Ethylene and oxygen 606 —650 530 —606 
Carbon monoxide and oxygen ... 650 —730 650 —730 
Hydrogen sulphide and oxygen.. 315 —320 250 —270 
Hydrogen and chlorine 430 —440 240 —270 


V. Meyer and Miinch (Ber., 1893, 26, 2421) employed rather 
later the following improved method. The explosive mixture was 
passed through a capillary tube to the bottom of a small glass 
vessel inserted in the bulb of an air thermometer. When the 
mixture inflamed, the air of the thermometer bulb was displaced 
by hydrogen chloride and measured over water. This gave the 
temperature of ignition. 

The following are the results obtained: 


Taste III, 


Mixture. Ignition-temperature. 
Hydrogen and oxygen 620—680° 
Carbon monoxide and oxygen —? i et 
Hydrogen sulphide and oxygen Combined quietly. 
Methane and oxygen 656—678° 
Ethane and oxygen 605—622 |) 
Ethylene and oxygen 577—590 
Acetylene and oxygen 509—515 
Propane and oxygen 545—548 | Three experi- 
Propylene and oxygen 497—511 ments each. 
isoButane and oxygen 545—550 
dsoButylene and oxygen 537—548 
Coal gas and oxygen 647—649 ) 


The chief source of disagreement in the preceding results is 
probably to be found in the influence of surface action. Thus the 
results of Helier and of Gautier and Helier were obtained by 
passing electrolytic gas through a tube packed with pieces of glazed 
porcelain, an experimental method which increased the slow surface 
combination enormously and resulted in an ignition-temperature 
nearly 300° higher than that found by Mallard and Le Chatelier. 

In the method of adiabatic compression used by Falk at Professor 
Nernst’s suggestion, fourteen experiments with electrolytic gas gave 
numbers from 518° to 569°, with a mean of 540°. In these 
experiments ignition occurred under some 35 to 70 atmospheres 
pressure, a very different condition from that of previous experi- 
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ments. Our experiments show that the ignition point of electro- 
lytic gas falls with increase of pressure. 

The present set of experiments is based on the definition of 
ignition-temperature as that temperature to which the gases must 
be separately heated, so that when brought into contact they will 
inflame immediately. 

The method used by us was designed by Professor Dixon in 1903, 
the first apparatus being constructed by Mr. G. W. A. Foster, B.Sc.* 

An atmosphere of oxygen or air passed slowly upwards through 
a large porcelain tube, the temperature of which could be gradually 
raised by means of an electric current traversing a close spiral of 
platinum wire wound round the outside of the tube. The 
inlammable gas was led up a narrow tube fixed in the axis of 
the larger porcelain one, so that the gases were heated to the highest 
temperature of the tube before they came into contact. The 
temperature of the gas was recorded by a thermo-junction inserted 
just below the orifice of, the narrow inner tube. The flowing current 
of gas ensured the supply of fresh, hot gas, and the removal of 
products of slow combustion. This arrangement, described in detail 
below, also enabled the effect of surface influence to be minimised. 
Working with different tubes, we found that a constant ignition 
point was obtained when both the diameter of the outer tube and » 
the rate of the stream of combustible gas issuing through the orifice 
surpassed a certain minimum value. With an outer tube of 45 mm. 
diameter and an orifice of 1 mm. diameter, the stream of hydrogen 
had to be passed at a rate exceeding 9 c.c. per minute to give a 
constant ignition-temperature. The same constant was reached in a 
wider tube with a faster flow of hydrogen. 

That the ignition-temperature of a jet of hydrogen should fall 
with an increase in the diameter of the outer tube containing the 
oxygen, and for a given diameter of outer tube should fall with 
an increase in the speed of the jet, seemed explicable on two 
hypotheses : 

(1) It might be supposed that a stream of hydrogen escaping 
very slowly into an atmosphere of oxygen would diffuse more 
rapidly into the oxygen than a quicker stream rising in an unbroken 
cylinder for some distance above the orifice. In the diffused gases 
quiet combustion might begin, and the steam so formed, diluting 
the mixture, might raise the temperature of ignition of the residue. 
The difficulties of such an explanation are twofold. The quiet 
combustion would heat the mixture and tend to lower rather than 
raise the apparent ignition point; and, secondly, when the hydrogen 


* This apparatus, with which the ignition-temperature of hydrogen in oxygen 
Wastfound to be from 610° to 616°, was exhibited at the Royal Society in_1904. 
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was diluted with nitrogen, or with steam, or with oxygen (which 
would form steam just before the gas issued from the orifice), no 
raising of the ignition point was observed. Similarly, the sub. 
stitution of air for oxygen in the outer tube made no difference in 
the ignition point. The “dilution” hypothesis is therefore 
untenable. 

(2) Since the gases inflame at a lower temperature when they 
are removed further from the hot surfaces of the outer tube and 
from the hot mouth of the inner tube, these hot surfaces must 
retard the chemical action. Now it has been shown by the 
photographic analysis of explosion flames that, when an explosive 
mixture is ignited in a tube by a small spark, the gases continue 
to burn with a nearly constant intensity for a comparatively long 
period, so long as they are undisturbed by compression waves. 
When a compression wave strikes such a burning mixture the 
rapidity of combustion is greatly increased. In this way it can 
be shown that in a freshly ignited flame of electrolytic gas the 
number of “chemically fruitful” collisions between hydrogen and 
oxygen molecules is only a small fraction of the total collisions. 

On the other hand, from Maxwell’s law of the distribution of 
speeds among gaseous molecules we find that about 3 per cent. of 
the molecules have a speed twice as great as the “most probable 
speed.” In a gaseous mixture the mean temperature of which is 
approaching the ignition point, chemical action would begin among 
these more rapidly moving molecules. Now the presence of a solid 
body at the mean temperature of the gas would tend to equalise 
the speed of the molecules coming into contact with it, accelerating 
the slow, but checking the rapidly moving. The hot walls would 
therefore hinder the initial chemical combustion, due to collisions 
“out in the open,” and pro tanto raise the ignition point. But the 
solid wall would also take up the heat from such steam molecules 
as were formed on or near its surface, and prevent them com- 
municating their energy to the unburnt gases round them. 

It may be assumed that the width of the outer tube chiefly 
affects the movements of the oxygen molecules, while the rapidity 
of the stream of hydrogen affects the movements both of the 
hydrogen and oxygen molecules as they diffuse into each other 
round the orifice of the inner tube. This hypothesis seems to 
account for the observations, and also to explain why, ceteris 
paribus, a larger orifice, by offering a less surface to the mixed 
gases, gives a lower ignition point when the jet is issuing com- 
paratively slowly. 

The results we have obtained for the ignition-temperatures of 
gases at normal pressure may be summarised thus: 
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TABLE IV. 


Ignition-temperature 
A... 


t Py 
In oxygen. In air. 
AW. A. 


Between Mean. Between Mean. 
Hydrogen 580—590° P 580—590° 585° 
Carbon monoxide (moist) ... 637—658 f 644—658 
Cyanogen 803—818 850—862 
Ethylene 500—519 542—547 
Acetylene 416—440 406—440 
Hydrogen sulphide 220—235 : 346—379 
Methane 556—700 650—750 
Ethane 520—630 520—630 
Propane 490—570 — 
WII. asic ciccsdcondecistacts 700—860 — 


EXPERIMENTAL. 


The ignition-temperature of a jet of combustible gas flowing into 
an atmosphere of oxygen or air has been determined in various 
forms of apparatus, of which that sketched in Fig. 1 includes the 
most important features. It consisted of a wide porcelain tube (A), 
45 mm. internal diameter, wrapped round with a sheet of platinum 
foil covered with an insulating coating of asbestos paper, round 
which was bound a platinum wire, 0°009 inch in diameter, four 
turns per cm. This wire served as a resistance for the current of 
two to four amperes used for heating the tube. Loss of heat by 
radiation was diminished by a thick covering of asbestos packing 
or kieselguhr (B), held together by a hollow cylinder of asbestos 
board (C). This in turn was wrapped in aluminium foil in order 
to reduce further the loss of heat by radiation. The lower end of 
the broad porcelain tube was ground to fit closely into the wide 
end of the funnel (D), the joint being made air-tight by mercury. 
Into the narrow end of the funnel was fused a long tube terminating 
in an orifice (#7) in the centre of the porcelain tube. Coaxial with 
this tube was a narrower one (/) reaching to within two millimetres 
of the orifice and closed at the upper end. This was used to contain 
a thermo-junction, which therefore registered the temperature of a 
gas as it was just about to pass through the orifice. The com- 
bustible gas was admitted by the side-tube (@), and a similar side- 
tube (#7) supplied an entrance for the air or oxygen to surround the 
jet. 

Several modifications of this apparatus have been used. The 
diameter of the orifice has been varied between about 0°6 mm. and 
21mm. The material of the nozzle has been varied by using tubes 
of silica, Jena combustion glass, boro-silicate, and soft soda glass 
ground into the glass base just above the entry tube (@). For 


520 DIXON AND COWARD: 


high temperature work the thermo-junction cover and the nozzle 
were both of fused quartz ground into the glass base. For many of 
the series of experiments recorded, similar apparatus with porcelain 
tubes of half and double the diameter of the one 
figured were used. 

For a few experiments with hydrogen, details 
of which are given below, the thermo-junction in 
a suitable cover was inserted from the top end 
of the apparatus, and was suspended above the 
orifice in order that it might indicate the tem- 
perature of the mixing gases rather than that of 
the gases just before admixture. The results 
obtained were just the same as those with the 
ordinary form of apparatus. 

Further to test this, two thermo-junctions 
were arranged in opposition, and connected up 
with the galvanometer, so that any movement 
of the beam of light from the galvanometer 
would indicate a difference of temperature 
between the thermo-junctions. One of them was 
placed as usual inside the nozzle, the other in a 
thin Jena glass cover at various heights above 
the orifice. There was never more than two 
degrees difference until ignition took place, 
although the position of the upper thermo 
junction was changed from 1 mm. to 40 mm. 
from the orifice. 

The Thermo-junction—A fused junction of 
platinum and platinum-iridium alloy was used, 
connected (in a case kept at a constant measured 
temperature) with an Ayrton-Mather dead-beat 
galvanometer. The readings were observed to 
about 0°7°. For calibration the following melting points were 
used, for which we wish to thank Dr. Harker, of the National 
Physical Laboratory, and Mr. A. F. Edwards, of the Manchester 
University : 


Fie. 1. 


327° 
Lithium chloride 605 +0°5° 
Aluminium 652°5 +1 
775 
e 835 +3 
Method of Experiment.—The furnace was gradually heated at 
various rates, usually about 5° per minute, from some 50° below 
the expected temperature of ignition. During this time the com- 
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being supplied through the side-tubes (@) and (H). The furnace 
was so wound that its maximum temperature was at the level of 
the thermo-junction ; above this point the temperature was uniform 
(within 2°) for a distance of 50 mm. 

Thus the reacting gases were brought into contact at the tem- 
erature recorded by the thermo-junction; and no reaction had 
occurred to either gas during the progress of the heating; for not 
only did the two gases remain separate until they were fully heated, 
but in each case the gas passed through the hot tube much too 
quickly for any appreciable thermal decomposition to have taken 
place* before combustion. 

The manner in which a gas passes through a jet inside a tube 
may be observed by passing a cloud of smoke in suspension up 
the inner tube: the gas rises in the form of a thin cylinder, of 
length up to four or five inches, but varying considerably with the 
rate of flow of the gas. 

By looking down the tube, ignition was observed to occur just 
above the orifice, a small ball of gas igniting with a sharp crack, 
and leaving a smaller flame burning quietly at the orifice. 

Preparation of the Gases.—These were obtained in the usual ways, 
and after chemical purification were, whenever possible, subjected 
to liquefaction by means of liquid air, and subsequent fractional 
distillation. Hydrogen was obtained by the electrolysis of re- 
crystallised baryta, with elimination of oxygen. When possible, 
the gases were roughly dried by calcium chloride or sulphuric 
acid. 

Measurement of the Rate of Flow of the Gases.—The rate of flow 
of hydrogen was obtained by observing the amperage of the current 
used for electrolysis of the baryta; for one ampere produces almost 
exactly 7 c.c. per minute, measured at 0° and 760 mm. For the 
other gases not soluble to a great extent in water or sulphuric 
acid, the number of bubbles passing through a worm or similar 
apparatus per minute gave, after calibration, the rate of flow with 
fair accuracy. 

For ammonia and cyanogen, which could not be treated thus, 
mercury was allowed to drop at a measured rate into the reservoir 
of a gas holder, the outlet tube for the gas being kept open all the 
time. Backward diffusion of air into the gas was prevented by 
the use of a capillary tube between the gas holder and the ignition- 
temperature apparatus. 

* For the action of heat on methane, ethane, ethylene, and acetylene, see Bone 
and Coward, Trans., 1908, 93, 1197. 
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Ignition-temperature of Hydrogen in Oaygen. 


The ignition-temperature of hydrogen has been observed under 
variation of the following conditions of experiment: 

(1) The rate of flow of hydrogen through the orifice. 

(2) The rate of flow of oxygen surrounding the jet. 

(3) The diameter of the orifice through which the hydrogen 
flowed. 

(4) The composition and physical nature of the materials of the 
nozzle. 

(5) The composition, physical nature, and distance from the 
jet of the walls of the furnace. 

(6) The rate of rise of temperature of the furnace. 

(7) The position of the thermo-junction: (a) inside the hydrogen 
nozzle; (b) just above the nozzle, where the hydrogen and oxygen 
are combining. 

(8) The variation of pressure of the gases. 

The Ignition-temperature of Hydrogen Flowing at Rates up to 
19 c.c. per minute.—The narrowest furnace was employed. Its tube 
was of glazed Berlin porcelain, internal diameter 20 mm. The 
nozzle was of quartz, the orifice in it being 0°99 mm. internal 
diameter. The rate of flow of oxygen was maintained at approxi- 
mately 50 c.c. per minute. 

The following results were obtained : 


TABLE V. 
Rate of 

flow of hydrogen, Ignition- Nature of 

c.¢c. per min. temperature. ignition. 
2°4 792° Quiet 
750 “s 
730 a 
712 a 
693 : 
662 


9? 
608 Gentle explosion 
602 Moderate 


600°5 ‘i 
599 Loud 
599 ‘i 


bt et eet 
NT ie NT OT 09 0 09 
SnSsdSHNaune 


These results are plotted in Fig. 2, which shows that under these 
conditions the ignition-temperature is nearly constant for rates of 
flow from 7 c.c. per minute to 19 c.c. per minute. In this curve 
the abscisse represent rates of flow of hydrogen, ordinates the 
corresponding temperatures of ignition. Its peculiarity is its 
sudden upward turn, showing the great rise in ignition-temperature 
which occurs when the rate of flow of hydrogen is decreased below 
7 c.c. per minute. 


THE IGNITION-TEMPERATURES OF GASES. 523 


The Ignition-temperature of Hydrogen under Different Rates of 
Supply of Oxygen.—The narrowest furnace was again employed, 
but the orifice was somewhat wider, being 1°24 mm. in diameter. 
The following results were obtained : 


TaBLE VI. 


Rate of flow Rate of flow Rate of flow Rate of flow 

of hydrogen, of oxygen, Ignition- of hydrogen, of oxygen, Ignition- 
cc. per min. ¢.c. per min. temperature. | ¢.c. per min. c.c. per min. temperature. 
751° 20 608° 
760 50 608 
735 53 616 
723 60 600 
725 87 604 
739 25 602 
719 53 608 
714 60 602 
618 87 601 
614 43 604 
608 53 609 
671 53 607 
662 60 606 
606 50 609 
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For convenience of graphic representation (see Fig. 3), these 
results are brought into four groups, in each of which the rate 
of flow of oxygen is roughly constant, as follows: 


(A). 20 c.c. per minute Curve 2 
(B). 40 ie 3 
(C). 55s 
(D). 9 


As in Fig. 2, the abscisse represent rates of flow of hydrogen, 
the ordinates ignition-temperatures. 

The sudden change in direction of the curve when the rate of 
flow of hydrogen is about 7 c.c. per minute is repeated in all four 
curves. 

Variation of the Size of the Orifice.—The experiments already 
quoted were performed with quartz nozzles the orifices of which 
were 0°99 and 1:24 mm. diameter. Several series of experiments 
were done with a quartz nozzle having an orifice of 2°12 mm. 
internal diameter, with the results tabulated below. In this series, 
also, the narrowest porcelain tube was employed. 


DIXON AND COWARD: 


TaBLE VII. 
Diameter of orifice, 2°12 mm. 


Rate of Rate of 
How of hydrogen, flow of oxygen, Ignition- 
cc, per min. c.c. per min. temperature. 

8 ‘ No ignition below 760 
¢ 605° 

606 

605 

604 

604 

606 

605 


~ 


~ 


cre t 


SIO“ 
eH OOnR 


os 


| 

eens 

4 8 2 6 2¢ 
C.c. of hydrogen per minute. 


With an orifice of more than double the diameter and nearly five 
times the area of the first one used, the same constant ignition- 
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temperature is obtained. There is one peculiarity of this series, 
namely, that when the rate of flow of hydrogen fell below 7 c.c. 
per minute ignition still occurred between 600° and 610°, whereas 
when the narrower orifices were used the ignition-temperature rose 
rapidly with decreasing rates of flow. 

The suggestion that this quick rise in ignition-temperature with 
decrease in rate of flow of hydrogen was due to the influence of the 
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C.c. of hydrogen per minute. 


surface of the nozzle on the mixture of the hydrogen and oxygen is 
confirmed by this experiment. A larger orifice means that a less 
fraction of the gas passing through it comes into contact with it 
in inverse ratio to the diameter of the orifice. 

Variation of the Composition and Physical Nature of the Nozzle. 
—Several nozzles of different materials were ground into the glass 
base of the apparatus; and in order to accentuate any specific effect 
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of the material, the thermo-junction was placed in a tube of the 
same material suspended just above the nozzle. The orifices were 
approximately | mm. in diameter. 


Taste VIII. 
Outer porcelain tube, 20 mm. diameter. 


Material of jet. Ignition-temperatures. 
IN iis ac ew ceaiicnciunis 612°, 610°. 
Boro-silicate glass ......... 608°, 612°, 612°, 610°, 600°, 601°, 602°, 599° 
Soda glass 606°, 607°. 


Since the three series of numbers are practically the same, it 
seems as if ignition took place independently of the nature of the 
nozzle. 

A new quartz tube was drawn out and cut. Normally the nozzle 
would have been used in this condition with a smooth surface, but 
in this case it was rubbed down and roughened by being held 
against a revolving grindstone. The result of a series of experi- 
ments was as follows: 


TaBLeE IX. 


Diameter of orifice, 1°34 mm. Diameter of outer porcelain tube, 
20 mm. 


Rate of Rate of 
flow of hydrogen, flow of oxygen, Ignition- 
¢.c, per min. ¢.e. per min. temperature. 

32 No ignition below 740° 
40 9 9 
47 re 

39 611° 

47 607 


In the first three experiments recorded the cold watch-glass over 
the upper end of the porcelain tube became covered with globules 
of moisture soon after the temperature of the furnace had reached 
600°, but a flame did not appear. 

Variation of the Composition, Physical Nature, and Distance 
from the Nozzle, of the Walls of the Furnace.—A new apparatus 
constructed with a porcelain tube of slightly greater diameter, 
22 mm. instead of 20, gave the following results: 
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Taste X, 
Diameter of orifice, 1:19 mm. 


Rate of flow Rate of flow Rate of flow Rate of flow 
of hydrogen, of oxygen, Ignition- of hydrogen, of oxygen, Ignition- 
ec, per min, ¢.c. per min. temperature. | c.c. per min. c.c. per min. temperature. 
yh os No ignition bed 595 
- below 850° 5°S 594 
56 15°8 595 
45 598° 16°6 594 
27 598 171 ‘ 594 
27 598 17°5 ‘ 598 
64 603 g 597 
64 602 i 9¢ 597 
27 591 : ¢ 597 
27 599 


oF > 


Cnn 


SSRMAAIG DOD 


amon) 


The ignition-temperature is still independent of the rates of flow 
of hydrogen and of oxygen, but lies some 10° lower than the numbers 
found with the slightly narrower apparatus. 

An apparatus was next constructed in which the porcelain tube 
had a diameter of 45 mm., slightly more than twice the diameter 
of the tubes used previously (see Fig. 1). 

A glass nozzle with orifice of 1 mm. diameter gave the following 


results for two different rates of flow of oxygen: 


TasLe XI. 


Rate of Rate of 
flow of hydrogen, flow of oxygen, Ignition- 
c.c, per min. c.c. per min. temperature. 


No ignition below 630° 
588° 


— et 


\ No ignition below 630°, 
J but water condensed. 
584° 
584 
586 


Ome to oo w Ww © 


tt et 


It is evident that the widening of the tube has affected the 
ignition-temperature appreciably, and that 584—588° represents 
the constant obtained as ignition-temperature with a tube of 
45 mm. diameter. To determine whether this is independent of the 
nature of the nozzle and its diameter, as was the case with the 
narrower tube, the following series of experiments was performed : 
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TABLE XII. 


Nozzle. Rate of flow Rate of flow 

c ‘ ~ of hydrogen, of oxygen, Ignition- 

Material. Diameter. c.c. per min, c.c. per min. temperature, 
11°9 60 582° 
12°0 50 589 
11°9 67 590 
12:1 22 589 


If we set the ignition-temperature at 580—590°, there is no 
variation within those limits due to the change in the above con- 
ditions of the experiment. 

It was necessary, however, to see whether the ignition-temperature 
was further lowered by the enlargement of the tube. For this 
purpose a tube of 90 mm. diameter, that is, twice the diameter of 
the tube used previously, was bound with nickel wire, and so made 
into an electric resistance furnace. It was fitted at the bottom 
with a fireclay plug, bored for the admission of a nozzle containing 
a thermo-junction cover, and supply tube for oxygen. A glass 
nozzle with an orifice of 1‘5 mm. diameter was used. 


Taste XIII. 


Rate of flow Rate of flow 
of hydrogen, Ignition- of hydrogen, Ignition- 
c.¢c. per min. temperature. c.c, per min, temperature, 
17°5 No ignition 92 593° 
25 659° 92 590 
28 655 92 592 
35 633 115 592 
56 607 140 593 
65 603 150 594 
70 599 


Oxygen was supplied at the rate of about 150 c.c. per minute; 
a small amount of air may have mixed with it by diffusion. 

Ignition seemed to occur in each case just above the orifice, and 
was never at all noisy. The rate of the hydrogen stream had to 
be much faster in this wider tube before a constant ignition-point 
was reached. 

The ignition-temperatures thus obtained are just over 590°. The 
number 580—590° obtained in the tube of diameter 45 mm. is the 
limit to which the ignition-temperature may be reduced by widening 
the tube. 

To determine whether any swirling of the gas in the larger tubes 
caused the decrease in ignition-temperature, a ring of loose asbestos, 
forming a filter, was put into the tube just below the jet, and the 
following series of results obtained in the 45 mm. tube: 
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TaBLE XIV. 


Orifice Rate of flow Rate of flow 
Depth of diameter, of hydrogen, of oxygen, Ignition- 
plug from jet. in mm. c.c. per min. ¢c.c., per min. temperature. 
28 mm. 0°53 14 53 589° 
28 ;; 0°53 14 j 587 
28 0°53 14 582 
14 0°53 14 i 595 
14 0°53 14 589 
14 1°04 14 584 
14 1°04 14 f 587 
14 1°04 14 8 585 


These results are practically the same as the previous ones 
obtained in this tube. 

The apparatus with 45 mm. tube was also used for a series of 
experiments in which tubes of various materials and various 
diameters were inserted co-axially with the nozzle. This was the 
same in effect as constructing a series of furnaces from different 
materials and of different dimensions. For all the experiments, the 
nozzle was of glass, the orifice of 0°53 mm. diameter, the rate of 
flow of hydrogen 14 c.c. per minute, of oxygen 50 c.c. per minute. 


TaBLE XV. 


Material of inserted tube. 


Internal diameter 
of inserted Glazed Rough 
tube, in mm. Jena glass. porcelain. porcelain, 
613° 
™ 610 
601 
605 
603 


597 
597 


597 
596 
601 
591 
589 
592 


The results indicate that with the narrower tubes glass gives a 
somewhat lower ignition-temperature than porcelain; but with 
wider tubes this difference is smaller and within the limit of 10°, 
which seems to be the experimental error of the method. 

An interesting point in the above experiments was that ignition 
occurred in the narrower tubes with a sharp crack, in the wider 
tubes with much less noise. 

VOL, XCV. MM 
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Variation of the Rate of Rise of Temperature of the Furnace— 
The last three experiments of table X are results obtained thus: 
First, with a normal rate of ris: of temperature; second, with a 
slower rate; third, with a rise of about one degree per minute, 
Other similar tests gave results which never differed more than 
three degrees. 

Variation of the Position of the Thermo-junction.—In the series 
of experiments previously described, the temperature of ignition 
was obtained by observing the temperature of the hydrogen 2 mm. 
below the orifice. Some experiments performed with the thermo- 
junction suspended in a quartz cover just above the orifice, that 
is, in the mixing gases, gave these results in the narrowest tube: 


599°, 599°, 601°, 601°, 604°, 602°. 
These results are to be compared with the last four experiments 


of table V. 
Variation of the Pressure of the Gases.—The ordinary variations 


of barometric pressure had no appreciable effect on the ignition- 
temperature, for example: 


TaBLE XVI. 
Barometer. Ignition-temperature. 
DOOM, en dusioesirncasseun 604° 
iP geataeepesicns 602 


PER gp a asmrtieensaeoss 600°, 604° 

A new apparatus was constructed to determine ignition- 
temperatures under low and high pressures. It was essentially the 
same as the forms previously described, but instead of a porcelain 
tube forming the inner wall of the furnace, a glass tube was 
employed ‘in order that the ends might be closed. The entrance 
tubes for hydrogen and oxygen were attached by special joints of 
hard and soft glass to the drying apparatus, the bubbler for 
measuring the rates of flow of the gases, and finally the gasholders. 
The joints were all of fused glass. For experiments under pressures 
of more than one atmosphere, the hydrogen was stored in a mercury 
gasholder and the pressure applied by means of a column of 
mercury; the oxygen was obtained from an iron cylinder. The 
exit tube of the furnace was attached to a conical brass tap for 
regulating the rate of escape of the gases. For experiments under 
reduced pressure the tap was connected with a water-pump. 

The internal diameter of the glass tube was 25 mm., of the orifict 
15 to 2°0 mm. 

This apparatus survived experiments under pressures from 425 
to 1520 mm., but burst near the top when heated under 1900 mm. 
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TaBLE XVII. 


Rate of flow Rate of flow 
Pressure, of hydrogen, of oxygen, Ignition- 
in mm. c.c. per min, ¢c.c. per min, temperature. 
428 
425 
425 
523 
573 
760 
760 
760 
760 
880 
960 
1030 
1120 
1140 
1140 
1450 
1460 
1460 


The four numbers in the last column, means of several closely 
agreeing results, are represented in Fig. 4. 
Whilst there is cnly a small elevation of ignition-temperature 


Fig. 4. 


Ne 


ce 


a 


800 1000 1200 1400 { 1600 
Mm. pressure. 


when the pressure is reduced to almost half an atmosphere, there 

is a fairly large lowering when the pressure is increased above one 

atmosphere. But the lowering of ignition-temperature on 

increasing the concentration of the gas, while fairly rapid up to 

one and a-half atmospheres, is much slower afterwards. If the 
M M 2 
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pressure were increased considerably more, it seems possible from 
the curve that the ignition-temperature ai become constant 
between 550° and 560°. 


Ignition Temperature of Hydrogen Mized with Various Diluents, 


These experiments were performed in order to determine whether 
the apparatus used would show any alteration in the ignition- 
temperature of hydrogen if that gas were previously diluted with 
substances such as might be present in the gases mixing just above 
the orifice, for example, oxygen, steam, nitrogen. 

The medium-size apparatus was used, with an extra side-tube to 
enable a thermometer to be introduced to record the temperature 
of the water placed in the inner, hydrogen, tube for those experi- 
ments in which the effect of steam was tried. 

Influence of 4 per cent. of Oxygen in the Hydrogen.—Four 
experiments were performed with rates of flow of inflammable gas 
and oxygen of 15 and 65 c.c. per minute respectively. The first 
and last experiments were performed with pure hydrogen, the second 
and third with hydrogen containing 4 per cent. of oxygen. The 
ignition-temperatures obtained were: (1) 590°, (2) 593°, (3) 590°, 
(4) 593°. When a small coil of platinum wire was put into the 
inner tube just below the orifice, the numbers 589°, 587°, 585° were 
obtained with the 4 per cent. oxygen mixture, 590° and 585° with 
pure hydrogen. 

Influence of Steam in the Hydrogen.—A few c.c. of water were 
put into the inner tube, and heated electrically by means of a 
coil of platinum wire wrapped round the glass base of the apparatus. 
Its temperature was taken by a thermometer introduced through 
a side-tube. The following results were obtained: 


Taste XVIII. 


Rate of Rate of 
Percentage of flow of mixture, flow of oxygen, Ignition- 
steam. ¢.c. per min. c.c. per min. temperature. 

0 587° 

0 584 

0 584 

0 583 
18 ‘ 589 
20 581 
45 ‘ 584 
43 581 
43 ; 587 


Influence of Nitrogen, in the Hydrogen—A mixture of equal 
volumes of hydrogen and nitrogen were passed through the orifice 
at a rate of 40 c.c. per minute, so that hydrogen itself was passing 
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at 20 c.c. per minute. The ignition was somewhat quieter than 


when pure hydrogen was employed, and the flame somewhat larger. 


TaBLE XIX. 


Rate of flow 
of hydrogen and 
nitrogen mixture, flow of oxygen, Ignition- 
c.c. per min. c.c, per min. temperature. 
40 71 580° 
40 110 583 
40 110 581 


Rate of 


These numbers agree with the corresponding temperatures for 
pure hydrogen. 


The Ignition-temperature of Hydrogen in Air. 


The air used for the following experiments was previously purified 
by passage through aqueous potassium hydroxide and concentrated 
sulphuric acid. , 

Experiments in the Narrowest Apparatus.—The following series 
of results was obtained with the porcelain tube of 20 mm. diameter: 


TABLE XX. 


Rate of 
flow of air, 


Rate of 
flow of hydrogen, 


Diameter 


of orifice, Ignition- 


mm, c.c. per min. 


134 
1:34 
2°12 
212 
2°12 
2°12 
2°12 


44 
67 
40 
42 
36 
32 


56 


temperature, 
612° 
607 
610 
609 
609 
609 
607 


Experiments in the Wider A pparatus.—The following series of 


results was obtained with the porcelain tube of 45 mm. diameter. 
The orifice was 1:04 mm. diameter : 


TABLE X XI. 


Rate of 
flow of hydrogen, flow of air, Ignition- 
c.c. per min. c.c. per min, temperature. 
12°0 50 584° 
12°6 70 589 
14°0 50 593 
14°0 150 589 


Rate of 


Experiments in the Widest Apparatus.—The diameter of the 
rough porcelain tube was 90 mm.: 
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TaBLeE XXII. 


Rate of flow of hydrogen, Ignition- 
c.c, per min, temperature. 
115 594° 
115 593 


These results show that the ignition-temperature of hydrogen is 
the same in air as in oxygen. 


Ignition-temperature of Carbon Monoxide in Oxygen. 


Experiments in the Narrow Tube (diameter=20 mm.).—The 
following results were obtained with gases dried with sulphuric 
acid : 

Taste XXIII. 


Diameter Rate of flow of Rate of flow 
of orifice, carbon monoxide, of oxygen, Ignition- 
mm. c.c. permin. c.c. permin. temperature, 
0°67 11°6 691° 
0°67 11°6 691 
0°67 12°4 ‘ 693 
0°67 13°6 694 692° mean 
0°67 20°0 689 
0°67 26°5 695 
0°67 40°0 694 


When the gases were saturated with moisture at 17—18°, the 
following set of somewhat lower numbers was obtained : 


TABLE XXIV. 


Rate of Rate of 
flow of Rate of Dia- flowof Rate of 
carbon flowof Igni- meter carbon flowof Igni- 
monoxide, oxygen, tion- of monoxide, oxygen, tion- 
orifice, C.C. c.c. tempera- orifice, c.c. c.c. tempera- 
mm. permin. permin, ture. mm. permin. permin. ture. 
2°12 : 28 No ignition 0°67 4°6 697° 
2°12 ‘ 677° 0°67 6°4 683 
2°12 : 674 ) . Cy 11°5 658 
2°12 ' 664 0°67 13°6 669 
2°12 : 677 0°67 14°2 675 
2°12 , 667 0°67 16°4 661 
2°12 ' é 650 0°67 26°5 659 
2°12 ‘ 666 0°67 35°0 657 
2°12 5 665 0°67 49°5 660 
2°12 ; 661 
2°12 ' 664 
2°12 ‘ 667 
2°12 y 664 
2°12 g 663 


As in the case of hydrogen, the ignition-temperature of carbon 
monoxide diminishes as the rate of the stream is increased. When 
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the rate exceeds 10 c.c. per minute, a fairly constant ignition- 
temperature is found. For the moist gases a mean temperature of 
664° was found: this was raised to 692°, when both gases were 
passed through sulphuric acid. 

Experiments in the Wider Apparatus (diameter=45 mm.).—The 
following experiments with moist gases were performed with an 
orifice of 1°70 mm. diameter: 


TaBLE XXV. 


Rate of flow of Rate of flow of 
carbon monoxide, oxygen, Ignition- 
c,c. per min. c.¢c. per min. temperature. 
674° 
653 =) 
646 
646 
646 
658 
651 
653 } 650° mean 
646 
656 
660 
648 
637 
646 J 


A result is observed in the case of carbon monoxide similar to 
that obtained for hydrogen, namely, a slightly lower ignition- 
temperature in a wider tube. The results found lie between 637° 
and 660°, with a mean of 650°. 


Ignition-temperature of Carbon Monoxide in Air. 


The results obtained in a porcelain tube, 20 mm. diameter, with 
moist gases were : 


TaBLE XXVI. 


Diameter Rate of flow of Rate of flow of 

of orifice, carbon monoxide, air, Ignition- 
mm. c.c. per min. cc. permin. temperature. 
2°12 698° 
2°12 691 
2°12 664 
2°12 658 
2°12 671 
2°12 653 
2°12 667 
2°12 645 [ 
2°12 666 
0°67 661 
0°67 663 
0°67 669 


662° mean 
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Experiments in the Wider Tube (diameter=45 mm.).—Moist 


gases : 
TABLE XX VII. 


Rate of flow of Rate of 
carbon monoxide, _ flow of air, Ignition- 
c.c. per min. c¢.c. per min. temperature. 
21 } 658° 
21 5 656 
41 646 
41 644 | 


651° mean. 


In these experiments a faint blue haze appeared just previous to 
ignition. 

The results for carbon monoxide and air are quite parallel to those 
for carbon monoxide in oxygen; the ignition-temperature of carbon 
monoxide in air lies between the same limits. 


Ignition-temperature of Cyanogen in Oxygen. 


These experiments were performed with a quartz nozzle in an 
outer porcelain tube of 22 mm. diameter: 


TasBLeE XXVIII. 


Rate of flow Rate of flow Ignition- 
of cyanogen, of oxygen, temperature. 
¢.c. per min. c.c, per min. 
845° ) 
828 
825 
864 
857 
847 
841 
823 
826 
846 849° mean. 
854 
880 
880 
844 
833 
871 
869 
859 
861 | 


Ignition was accompanied by a sharp report, louder in those 
cases where the rate of flow of oxygen was slower. The numbers 
found lie within the limits 820—880°, with a mean of 849°. 

The following results were obtained in the 45 mm. apparatus: 
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TABLE X XIX. 


Rate of flow of Rate of flow of Ignition- 
cyanogen, ¢.c. per min, oxygen, c.c, per min. temperature. 
97 43 803° 
9°7 86 818 
8° 41 806 811° mean. 
8: 86 810 
9° 86 817 


Ignition-temperature of Cyanogen in Air. 


The following results were obtained in the 45 mm. apparatus: 


TABLE XXX. 


Rate of flow of Rate of flow of Ignition- 
cyanogen, ¢c.c. per min. air, c.c. per min. temperature. 
5°5 150 853° 
5°5 200 862 
9°7 | 200 850 
18-0 200 858 | 


856° mean. 


Ignition-temperature of Ethylene in Oxygen. 


The ethylene was obtained from alcohol and sulphuric acid, the 


evolved gas being washed and finally purified by liquefaction and 
fractional distillation several times repeated. It was stored over 
glycerol and water, and dried by calcium chloride. 

Diameter of porcelain tube 20 mm., of orifice 0°99 mm. The 
rate of flow of oxygen was about 70 c.c.: 


TABLE XXXI. 


Rate of flow of 
ethylene, Ignition- 

c.c. per min. temperature. 
0°5 666° Crackling ignition 
616 . 
627 
626 
610 
595 
591 
575 
539 9 9 
537 Moderate explosion 
536 > ” 
559 9? ” 
555 ” ” 
532 Loud explosion 


. 
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These results show a gradual decrease in ignition-temperature 
with increasing rates of flow of ethylene. 
Diameter of porcelain tube 45 mm., of orifice 1:70 mm. 
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TABLE XXXII. 


Rate of flow of Rate of flow of 
ethylene, oxygen, Ignition- 
c.c. per min, c¢.c. per min. temperature. 
12 40 563° Quiet ignition 
12 40 560 
60 560 
90 560 
90 558 
110 551 
150 553 
200 555 
40 538 (twice) a mi 
60 540 Louder ignition 
110 531 ae 
150 521 
200 516 
40 507 
64 514 
99 508 
150 519 
200 519 | 510° “a s 
40 500 | mean Very loud ignition 
75 500 e i 
99 511 ‘a “a 
150 511 « 
200 511 ) re 


With a stream of ethylene not slower than 20 c.c. per minute, 
the ignition-temperature of ethylene in oxygen was found to lie 
between 500° and 519°, with a mean of 510°. 


Ignition-temperature of Ethylene in Air. 


These experiments were performed under the same conditions as 
those shown in the last table for ethylene in oxygen, and are 
therefore strictly comparable with them: 


TABLE X XXIII. 


Rate of flow Rate of flow Rate of flow Rate of flow 
of ethylene, of air, Ignition- of ethylene, of air, Ignition- 
c.c, per min. ¢c.c. per min. temperature. | c.c. per min. c.c. per min. temperature. 
12 64 542° 15 200 543° 
14 110 530 20 110 542 
12 150 537 20 150 542 
12 200 548 20 200 543 
15 64 529 30 140 547 
15 150 531 30 200 543 


These results lie between 529° and 548°: with a stream of 
ethylene not slower than 20 c.c. per minute the temperatures lie 
between 542° and 547°, with a mean of 543°. 
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Ignition-temperature of Acetylene in Oxygen. 


Acetylene was obtained from calcium carbide and water, the 
resultant gas being purified by passage through towers containing 
ferric, cupric, and cuprous chlorides. 

In the narrowest apparatus (20 mm.), the rates of flow of 
acetylene could not be increased beyond 5:8 c.c., owing to the 
violence of the explosions. 


TABLE XXXIV. 


Rate of flow Rate of flow 
of acetylene, of oxygen, Ignition- 
c.c, per min. c.c. per min. temperature. 
0°6 50 (approx. ) — No ignition at 692°. 
. 50 ee 527° Crackling explosion. 
505, 523 
50 498 “ s 
50 | 506 Very noisy explosion. 
50 452 i te 


It was found possible to proceed considerably beyond this rate 
of flow of acetylene in the wider tube (diameter 45 mm.): 


TaBLE XXXYV. 


Rate of flow tate of flow 
of acetylene, of oxygen, °’ Ignition- 
c.c, permin. ¢.¢. per min. temperature. 
43 ‘ 501° Noisy ignition. 
70 508 93 Bp 
110 512 i 
200 545 
14 60 437 


14 110 443 440° Loud ignition 
14 200 479 9 9 
rote aoe oa 417 Violent ignition. 

The ignition-temperature is lowered by increase in the rate of 
supply of acetylene, but these numbers do not point very definitely 
to any lower limit. We might, however, put forward tentatively 
the numbers 416—440° (with a mean of 428°) as at least an 
approximation to the truth. 


Ignition-temperature of Acetylene in Air. 


In the wider tube (45 mm.), the force of the ignition was so 
moderated by the use of air that rates up to 30 c.c. per minute 
of acetylene could be employed : 
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TABLE XXXVI. 


Rate of flow Rate of flow 
of acetylene, of air, Ignition- 
c.c, per min. ¢c.c. per min. temperature. 
60 546° Quiet ignition. 
100 545 
100 565 
200 540 
200 540 ae 9 
64 453 Loud ignition. 
110 469 si mz 
200 483 = ys 
200 477 a a 
125 433 Louder ignition. 
200 440 ee a 
200 435 os rl 
90 429 | 429°  ,, ‘ 
140 429 mean. ,, wa 
25 200 440 Very loud ignition, 
30 110 406 te t 
30 200 419 | a ms 


The ignition-temperature is thus found to be fairly constant 
between 406° and 440°, with a mean of 429°, when the stream of 
acetylene is not slower than 20 c.c. per minute. This mean is in 
fair agreement with the ignition-temperature in oxygen. 


Ignition-temperature of Hydrogen Sulphide in Oxygen. 


Pure hydrogen sulphide was obtained from stibnite and hydro- 
chloric acid, with subsequent liquefaction of the gas evolved. It 
was stored over mixed glycerol and water in a glass gasholder, from 
which it could be passed through a water bubbler for measurement 
of its rate of flow. Before entering the furnace it was roughly 
dried by calcium chloride. The diameter of the porcelain tube 
was 20 mm. Quartz nozzles were employed: 


TaBLE XXXVII. 


Diameter Rate of flow Rate of flow 

of orifice, of HS, of oxygen, Ignition- 
mm. ¢.¢c, per min, ¢.c, per min. temperature. 
2°12 4°5 90 232° ) 
2°12 9 90 229 
2°12 13 36 225 
2°12 13 36 225 
2°12 13 227 
2°12 13 234 
2°12 14 232 
2°12 19°5 235 
2°12 24 229 
0°67 8°7 f 232 


> 230° mean. 


In experiment 9 there was such a violent explosion that it was 
deemed inexpedient to use greater rates of hydrogen sulphide. 
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It was observed that just before ignition copious fumes were 
evolved from the apparatus, and some sulphur was deposited at 
the top of the furnace tube, showing that much oxidation had 
vecurred. 

Experiments with Wider Furnace.—The diameter of the porcelain 
iube was 45 mm. A glass nozzle with an orifice of 1°70 mm. 
diameter was used: 


TaBLE XXXVIII. 


Rate of Rate of 
flow of H,S, flow of oxygen, Ignition- 
c.c. per min. c.c. per min. temperature. 
10 q Slow combustion with- 
10 out ignition. 
22 
22 
22 
22 
30 | 227° 
30 mean 
30 
43 
43 
43 


The results of this set of experiments are, on the whole, slightly 
lower than those of the previous set. Both sets show, as a rule, 
that a higher rate of flow of oxygen caused a somewhat higher 
ignition-temperature ; but it is impossible to work within very wide 
ranges of oxygen supply, for, unless there is a fairly large excess 
of oxygen in the tube, the process of slow combustion prevents 
ignition. 

The ignition-temperature may be placed at 220—235°. 


Ignition-temperature of Hydrogen Sulphide in Air. 


Diameter of porcelain tube, 20 mm. Diameter of the orifice, 
0°67 mm. 


TaBLE XX XIX. 


Rate of Rate of 
flow of H,S, flow of air, Ignition- 
€.c. per min. c.c, per min, temperature. 
99 375° 
99 383 
140 357 
140 363 
19 _ No ignition below 570° 
9C _ »» 400 
87 _ a » we 
150 358 
180 364 
180 366 | 364° 
140 346 | mean 
180 a 
250 379 
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In these experiments copious fumes were evolved, and sulphur 
was deposited below the ignition-temperature. The results are 
about 140° higher than the corresponding experiments in oxygen. 
It will be observed, however, that the rate of supply of air has to 
be fairly large in order to cause ignition, and to see if these large 
rates of air would account for the difference in ignition-temperatures, 
an experiment was performed with hydrogen sulphide and oxygen 
flowing at the rates 10°5 and 250 c.c. per minute respectively, 
The result was an elevation of ignition-temperature of about 45°, 
much less than the elevation caused by air flowing at an even less 
rate. 

Experiments in the Wider Tube.—Experiments in the apparatus 
with porcelain tube of 45 mm. diameter failed to give ignition on 
account of the slow oxidation of the hydrogen sulphide, as shown 
by the production of fumes and deposition of sulphur. 


Ignition-temperature of Methane in Oxygen. 


Experiments in the Narrow Apparatus (22 mm.).—Several sets 
of experiments were performed, the result of which was to show 
that the ignition-temperature depended on conditions which did 


not affect that of hydrogen, namely, the rates of flow of both gases. 
With methane flowing at rates from 10 to 30 c.c. per minute, 
and oxygen from 50 to 200 c.c., a lower ignition-temperature was 
obtained by either increasing the rate of methane or decreasing the 
rate of oxygen. The minimum was 556°, all the numbers lying 
between the rounded figures 550° and 670°. 

Experiments in the Medium Apparatus (45 mm.).—In these 
experiments, with similar rates of flow of the gases, the limits 
were 590—700°. It was peculiar that methane showed a decidedly 
higher ignition-temperature in the wider tube than in the narrow 
one. More remarkable is the fact that an increase in the rate 
of supply of oxygen lowered the ignition-temperature appreciably, 
instead of raising it as occurred in the narrow tube. 

These facts must be connected in some way with either the 
influence of surface or the excessive amount of oxidation which 
proceeds before the ignition-temperature is reached. It is, of 
course, difficult to say whether the ignition which took place 
ultimately was really the ignition of methane itself or of some 
product of its incomplete oxidation. All we may say is that 
when a jet of methane issued into an atmosphere of oxygen, ignition 
occurred between the limits, somewhat ill-defined, of 550° and 


700°, 
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THE IGNITION-TEMPERATURES OF GASES. 


Ignition-temperature of Methane in Air. 


The numbers obtained in several sets of experiments in both the 
narrow and the wider tubes gave results about 50—100° higher 
than the corresponding ones with air. They lay between 650° and 
750°. 

Ethane. 


The ignition-temperature of ethane depended, like that of 
methane, on the rates of flow of the gases, and in just the same 
way as methane on the diameter of the porcelain tube. The results 
in the narrow tube lay between 520° and 630°; in the wider tube 
between 560° and 630°, for oxygen. For air the same limits were 
found. 


Propane. 


The results obtained with propane and oxygen showed the same 
general character as those with methane and ethane. The result 
of seventeen experiments was an ignition-temperature between 490° 
and 570°. 


Ammonia. 


The smallest furnace was employed, with a quartz nozzle and 
thermo-junction cover. Ammonia ignited easily in a large excess 
of oxygen, with production of much nitric acid. A trace of the 
latter was found in the gases issuing from the tube at temperatures 
just below the ignition-temperature. Increasing the rate of flow 
of either the ammonia or the oxygen caused a fall in the ignition- 
temperature. Roughly, it was within the limits 700° to 860°. 


The authors desire to thank Miss Florence Wilkinson for 
assistance in the earlier stages of the work, and Mr. D. Tyrer for 
similar service in the latter stages. 
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LXVIII.—Studies in Asymmetric Synthesis. Part VIL. 
The Influence of the d-Amyl Group. 
By Avex. McKenzie and Hermann Aveust Miter. 


The optically active compounds which have been employed hitherto in 
the course of this series of experiments on asymmetric synthesis are 
l-menthol, 7-borneol, and d-borneol. Of the two former alcohols, 
l-menthol is the more strongly levorotatory, and it appears from a 
consideration of those cases where an asymmetric synthesis of the 
same compound has been effected both by /-menthol and by /-borneol 
that the extent of this synthesis is more pronounced when /-menthol is 
used. Thus a mixture of r- and /-atrolactinic acids with [a], — 95° 
in ethyl-alcoholic solution was obtained from magnesium methy] iodide 
and J-menthyl benzoylformate (Trans., 1904, 85, 1249). On the other 
hand, when /-borny! benzoylformate was substituted for the menthyl 
ester, the activity of the resulting atrolactinic mixture was much less, 
namely, [a], — 1°9° in ethyl-alcoholic solution (Trans., 1906, 89, 365), 
In a similar manner, a mixture of r- and d-atrolactinic acids with 
[a]p +5°4° in ethereal solution was obtained from magnesium phenyl 
bromide and /-menthyl pyruvate (Trans., 1906, 89, 365), whereas 
when /-bornyl pyruvate was used, the atrolactinic acid mixture was 
only slightly dextrorotatory (Trans., 1906, 89, 688). 

In the work recorded in the present paper, the question as to the 
directing influence, if any, which would be exerted by an active 
grouping of slight optical activity, such as the d-amyl-group, has been 
investigated. d-Amyl alcohol* has [a]? -—5-90° (Marckwald and 
McKenzie, Ber., 1901, 34, 485), and is thus much less active than 
either menthol or borneol. The action of various Grignard reagents 
on d-amyl pyruvate and d-amyl benzoylformate was examined, and the 
asymmetric syntheses of substituted glycollic acids were, as we had 
anticipated, extremely slight. The reduction of d-amyl pyruvate by 
aluminium amalgam led to the asymmetric synthesis of d-lactic acid 
The asymmetric synthesis of /-lactic acid by the reduction of /-menthy! 
pyruvate and /-bornyl pyruvate has already been described (Trans, 
1905, 87, 1373 ; 1906, 89, 688). 

All the evidence which has been accumulated up to this point 
undoubtedly points to the conclusion that the more optically active 
is the directing asymmetric agent the more pronounced is the 
asymmetric synthesis. 

* Marckwald (Ber., 1902, 35, 1599) suggests the nomenclature d-amy! alcohol 
for the levorotatory amyl alcohol present in fusel oil. It forms dextrorotatory 
derivatives, and is converted into d-valeric acid on oxidation. 
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EXPERIMENTAL. 


Action of Magnesium Organic Compounds on d-Amyl Pyruvate. 


d-Amyl pyruvate, CH,*CO°CO,°C,H,,, prepared from pyruvic acid, 
damyl alcohol, and sulphuric acid according to the Fischer-Speier 
method of esterification, is a colourless oil, which boils at 81—82°/ 
10 mm., and has D}’ 0:9724: 

02064 gave 0°4562 CO, and 0°1642 H,O. C=60:3; H=8°9, 

C,H,,0, requires C=60°7 ; H=8°'9 per cent. 

In a 50 mm, tube its rotation was a? +2°28°; whence [ali + 4°7°. 

When this ester (12 grams, 1 mol.) was acted on by magnesium 
phenyl bromide (1} mols.), the resulting phenylmethylglycollic acid did 
not exhibit any appreciable optical activity. Similarly, no asymmetric 
synthesis took place under the conditions employed when magnesium 
a-naphthyl bromide was substituted for the phenyl bromide. A very 
slight asymmetric synthesis was, however, observed when magnesium 
ethyl iodide was used. The methylethylglycollic acid prepared from 
the Grignard reagent (2 mols.) and the ester (7 grams, 1 mol.) was 
feebly dextrorotatory. 


Reduction of d-Amyl Pyruvate. Asymmetric Synthesis of d-Lactic Acid. 


A solution of 15 grams of d-amyl pyruvate in 100 c.c. of moist 
ether was added to 15 grams of aluminium amalgam. After three 
days, fresh aluminium amalgam was added, together with a little 
water, and the mixture allowed to remain at the laboratory tempera- 
ture for three days longer. The ethereal solution was drained, off 
and the residue washed with ether. ‘The product obtained after 
removal of the ether was hydrolysed by shaking at the ordinary 
temperature for one hour with 360 c.c. of an aqueous solution of 
potassium hydroxide containing 7:2 grams of alkali. The active amyl 
alcohol was then completely separated from the aqueous solution of 
potassium salt by steam distillation and subsequent evaporation of 
the aqueous solution. After acidification with sulphuric acid, the 
lactic acid was extracted with ether by means of a continuous extrac- 
tion apparatus. The ether was expelled, water added to the resulting 
syrup, and the aqueous solution (20 c.c.) polarimetrically examined. 
It was dextrorotatory, 16 ¢c.c. giving al’ +0°38° in a 2-dem. tube. 
The aqueous solution was then neutralised by sodium carbonate, and 
the solution of sodium salt evaporated to 20 c.c. This was levo- 
rotatory, 16 cc. giving ap—0°28° in a 2-dem. tube, and became 
dextrorotatory on acidification. 

The result was confirmed by a second experiment. 
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Action of Magnesium Organic Compounds on d-Amyl Benzoylformate, 


d-Amyl benzoylformate, C,H;*CO-CO,°C;H,,, prepared from benzoyl- 
formic acid, d-amyl alcohol, and sulphuric acid according to the 
Fi-cher-Speier method of esterification, is a colourless oil, which boils 
at 163°/16 mm., and has Di’ 1:050: 

0°1617 gave 0°4203 CO, and 0:1093 H,O. C=709; H=7°6. 

C,;H,,0, requires C=70°9 ; H=7°3 per cent. 

In a 1-dem. tube its rotation was ap + 4°26°; whence [a]}’ +4:1°, 

An ethereal solution of magnesium methyl iodide (1} mols.), pre- 
pared from 1°25 grams of magnesium, 7°2 grams of methyl iodide, and 
30 c.c. of ether, was gradually added within an interval of forty 
minutes to a solution of 9 grams of d-amyl benzoylformate (1 mol.) 
in 30 c.c. of ether. After twenty-two hours at the laboratory tem- 
perature, the mixture was boiled for forty-five minutes, and then 
decomposed by ice and sulphuric acid. The resulting ester mixture 
was hydrolysed by heating for two and a-half hours with 100 c.c. of 
ethyl-alcoholic potassium hydroxide containing 3 grams of alkali. The 
bulk of the ethyl alcohol was removed by evaporation, water added, 
and the active amyl alcohol completely expelled by steam distillation. 
The aqueous solution of potassium salt, after neutralisation of the 
free alkali present, could not be sufficiently decolorised by charcoal in 
order to render accurate polarimetric observation possible. An excess 
of mineral acid was added, the organic acid extracted with ether, and 
the ethereal solution decolorised. In this manner a mixture (47 
grams) of r-atrolactinic acid together with a very little of the d-acid 
was obtained; when dried over sulphuric acid under diminished 
pressure, it melted indefinitely between 82° and 88°. When dissolved 
in acetone and examined in a 2-dem. tubs, it gave a, +0°10° The 
acetone was expelled, the acid neutralised by aqueous potassium 
hydroxide, and the solution of potassium salt then examined ina 
2-dem. tube. The rotation was a, +0°12°. 

When d-amyl benzoylformate (10 grams, 1 mol.) was acted on by 
magnesium ethyl iodide (14 mols.), the extent of the asymmetric 
synthesis was again exceedingly slight. The aqueous solution of 
potassium salt, obtained after hydrolysis of the ester mixture and 
removal of the levorotatory alcohol, gave only ap +0°15° in a 2-dem. 
tube, whilst the phenylethylglycollic acid (4 grams) obtained from it 
melted indefinitely between 90° and 95°, and was also distinctly 
dextrorotatory. 

A similar result followed from the use of magnesium a-naphtbyl 
bromide. The ester (10 grams, 1 mol.) was acted on by the Grignard 
reagent (24 mols.) in the usual manner. The aqueous solution of 
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potassium salt, obtained after the saponification of the ester mixture 
and removal of the amyl alcohol, was dextrorotatory, and on acidifica- 
tion yielded phenyl-a-naphthylglycollic acid (3°9 grams), which gave 
a) +0°16° when dissolved in acetone and examined in a 2-dem tube. 
The acid was converted into potassium salt, the aqueous solution of 
which gave ay +0°16° in a 2-dem. tube. 


Amyl Esters of Gallic Acid. 


The d-amyl alcohol (2-methylbutanol-1), 
CH,°CH(CH,°0H):CH,°CH,, 
which was used for the preparation of the esters of pyruvic and 
benzoylformic acids, was prepared as described by Marckwald and 
McKenzie (loc. cit.), who were the first to isolate it from fusel oil. 
This method involves the preparation of 1-d-amy]-3-nitrophthalic acid. 
The process is somewhat tedious, since the separation from the isomeric 
l-isoamy1-3-nitrophthalic acid must be effected, and this is slow 
owing to the formation of mixed crystals. 

Attempts were made to prepare the active alcohol for use in the 
present investigation by substituting gallic acid for 3-nitrophthalic 
acid. Gallic acid forms crystalline esters both with d-2-methylbutanol-1 
and isoamyl alcohol, (CH,),CH*CH,°CH,°OH (2-methylbutanol-4), and 
has the further advantage of being monobasic. The experiments were 
not, however, successful. d-Amy]l gallate could not be isolated from its 
mixture with isoamyl gallate owing to the formation of mixed crystals ; 
the method of separating mixed crystals, which was successfully 
employed by Marckwald and McKenzie, failed in this case. A number 
of observations were made regarding the amy! gallates, and these may 
be recorded here. 

For the preparation of isoamyl gallate, itsoamyl alcohol was isolated 
from Kahlbaum’s pyridine-free amyl alcohol according to the method 
of Marckwald and McKenzie. Gallic acid was deprived of its water 
of crystallisation and esterified by means of the inactive alcohol, using 
hydrogen chloride. 

isoAmyl gallate, C,H,(OH),*CO,°C,H,,, crystallises from water in 
colourless, long, silky needles and melts at 145—146°. For analysis, 
a specimen was crystallised from chloroform : 

01769 gave 0°3891 CO, and 0:1064 H,O. G=60:0; H=6°7. 

C,.H,,0,; requires C=60°0; H=6'7 per cent. 

The ester is very slightly soluble in water, and undergoes practically 
no hydrolysis when heated with water. It is sparingly soluble in 
benzene, light petroleum, or chloroform ; it is very soluble in ethyl 
alcohol or ether. 

It can also be prepared, although not readily, from commercial amyl 
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alcohol. In one experiment, carried out by Mr. G. H. Martin in this 
laboratory, an alcohol with ay —2°14° (/=2) was taken, and in this 
case 25 crystallisations, conducted with aqueous ethyl alcohol, were 
necessary before the separation of the isoamy! ester from the mixed 
crystals was complete. The ester obtained after this treatment gave 
the inactive isoamyl alcohol on hydrolysis. This method of prepar. 
ing tsoamy] alcohol is not nearly so convenient as that involving the 
use of 3-nitrophthalic acid. 

isoAmyl gallate has already been described by Ernst and Zwenger 
(Annalen, 1871, 159, 27) as melting at 139°, but it is certain that these 
authors did not obtain the ester free from its active isomeride. 

For the preparation of d-amy! gallate, the d-alcohol was prepared 
according to the method of Marckwald and McKenzie. Dried gallic 
acid was esterified by means of this alcohol and hydrogen chloride. 

d-Amyl gallate, C,H,(OH),*CO,°C;H,,, separates from chloroform or 
benzene in colourless, silky needles and melts at 108—109° It 
resembles its isomeride in appearance and solubility. 

0°2254 gave 0°4951 CO, and 0:1401 H,O. C=59°9; H=6-95. 

C,.H,,0, requires C=60°0 ; H=6'7 per cent. 

Its rotation was determined in acetone solution : 

Z=1,c=10, af +0°40°, [a]f +4:0°. 

When the esterification of gallic acid was conducted with a mixture 
of d-amy] and tsoamy] alcohols having aj) — 7°65° (/ = 2), the unesterified 
portion of the alcohol gave aj —7°76° (/=2). The solid product, 
obtained after removal of the unesterified gallic acid and amy] alcohol, 
was crystallised once from a large amount of water, after which treat- 
ment it melted at 115—117°. It was then crystallised eleven times 
from dry chloroform until the melting point was sharp, namely, 
119--120°. A determination of the specific rotation of this product 
in acetone solution showed, however, that it was not homogeneous, a 
conclusion which was also arrived at from the fact that its melting 
point was different from that of the pure active ester. The activity 
was [a]j +3°7° for c=10:11 in acetone solution. The alcohol obtained 
by the hydrolysis of this product gave the value aj —8°02° (/=2), 
whereas the pure d-alcohol has aj) — 9°62° (= 2). 

When the esterification of gallic acid was conducted with an 
alcohol having aj -—9°03° (/=2), the product obtained after ten 
crystallisations from chloroform and five subsequent crystallisations 
from benzene melted at 119—120° and also consisted of mixed 
crystals. 


BIRKBECK COLLEGE, 
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LXIX.—-Tetraketopiperazine. Part II. 
By ALFRED THEOPHILUS DE MovILpreD and ALEXANDER RULE. 


TuE preparation and some of the reactions of tetraketopiperazine have 
already been described by the authors (Trans., 1907, 91, 176). Its 
behaviour towards alkalis and phenylhydrazine showed that its con- 
stitution was probably represented by the formula 
C(OH)-CO 
NO GOD NE: 

Experiments have now been undertaken on the reduction of the 
compound, and its behaviour towards phosphorus pentachloride, 
aniline, and phenylcarbimide has been examived. The production 
of coloured compounds, which were decomposed at once by water, has 
been observed on various occasions, and these have been investigated. 

Tetraketopiperazine is very inert towards reagents, and in most cases 
any reaction has resulted in the decomposition of thé compound. 
Thus it does not react with phenylcarbimide, bromine (in acetic or 
sulphuric acid solution), phosphorus pentachloride, phosphoryl 
chloride, or (as silver salt) with ethyliodide. With tin and bydrochloric 
acid no action took place, but with hydriodic acid and red phosphorus 
the compound was entirely decomposed with the formation of oxalic 
acid and ammonium iodide, and sodium and amy] alcohol furnished 
a brilliantly coloured substance, the investigation of which is 
described on p. 550. 


Preparation and Constitution of the Blue Compounds. 


In the earlier preparations of tetraketopiperazine by the action of 
sodium ethoxide on oxamethane, the production of a deep blue colour 
was always observed, sometimes locally, sometimes throughout the 
mats of the product. On repeating the preparation with amyl alcohol 
and phenol instead of ethyl alcohol, similar coloured substances were 
produced. 

These compounds are permanent in dry ether, and analysis showed 
them to be double compounds of one molecule of the salt of the tetra- 
ketone with one molecule of sodium alkyloxide. 

We are of the opinion that the structure previously suggested for 
the yellow disodium salt of the tetraketone is preserved in the blue 
compounds, which would therefore have the constitution 

CO-C(ONa Et 
N<G(ONa)-0O> <ona’ 

Coloured substances of similar constitution have been obtained by 

Piutti (Gazzetta, 1906, 36, ii, 723). 
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As mentioned in the former paper, on boiling the tetraketone with 
aniline a white, crystalline compound is formed, which sublimes with 
great readiness to a voluminous, white product. Re-sublimation as a 
means of purification was abandoned, as it was found that some 
decomposition always occurred. The compound was recrystallised 
from methyl alcohol, and analysis showed it to be 2: 5-dianilo. 
tetraketopiperazine, NECN Shoo H. 

Attempts to synthesise diphenyltetraketopiperazine by the con- 
densation of ethyl oxalate with oxanilide in presence of sodium 
ethoxide were unsuccessful. 


EXPERIMENTAL. 
Compound of Tetraketopiperazine with Sodium Amyloxide. 


Three grams of tetraketopiperazine were suspended in amyl alcohol, 
and sodium in small pieces, was added to the boiling mixture ; at first a 
blue colour developed and quickly disappeared, but after the addition 
of more sodium the blue colour became more permanent, until a point 
was reached at which the whole mixture turned a brilliant blue. The 
boiling was continued for ten minutes in presence of excess of sodium, 
and the mixture was then quickly filtered. The residue was washed 
three times with hot absolute alcohol and transferred to a desiccator. 
The dry substance appeared quite homogeneous, and was dark purple 
in colour. For analysis it was dried at 110°: 


00974 gave 0°0683 Na,SO,. Na=22°71. 
C,0,N,Na,,C,H,,ONa requires Na = 23°31 per cent. 
C,0,N,Na, » Na=2473 , 4 


The compound is immediately decomposed on the addition of water, 
the blue colour disappearing entirely. When the substance is kept in 
the air the colour slowly fades. ‘ 

When kept under absolute ether it showed very little change after 
several months. 


Compound of Tetraketopiperazine with Sodium Ethoxide. 


If the tetraketone is suspended in ethyl alcohol and sodium 
added, as in the preceding case, a blue colour slowly develops, but 
disappears again on cooling. In another experiment the tetraketone 
was heated with sodium ethoxide in a paraffin-bath to 150°, but no 
blue colour was formed, the product being dark brown. 

It was found impossible to prepare the’ sodium ‘ethoxide additive 
compound from the tetraketone direct, but by carrying out ithe con- 
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densation of oxamethane with excess of sodium ethoxide ‘in boiling 
xylene the derivative was obtained. 

Oxamethane (1 mol.) was suspended in xylene, ethyl alcohol 
(3 mols.) added, and the mixture boiled. Sodium (3 atoms) was added 
in small pieces, and the first product was a yellow salt which gradually 
became almost black. On prolonged boiling, a blue colour gradually 
developed, and after about two hours the product was deep indigo- 
blue and showed no white specks. The mixture was filtered as rapidly 
as possible, washed with boiling alcohol and ether, and transferred to 
a flask containing absolute ether. 

For analysis a portion was collected, washed with ether, and dried 
at 110°: 

‘ 01342 gave 0°1136 Na,SO,. Na= 27-42. 
C,0,N,Na,,C,H,ONa requires Na = 27:16 per cent. 

The substance appears to be the most unstable of these compounds, 
and even under absolute ether decomposes slowly with the separation 
of the yellow disodium salt. 


Compound of Tetrakstopiperazine with Sodium Phenoxide. 


Tetraketopiperazine (1 mol.) was suspended in xylene together with 
phenol (3 mols.). The mixture was boiled, and sodium (3 atoms) 
added in small pieces. No immediate change took place, but after a 
short time the mixture darkened in colour and assumed a blue tint. 
After boiling for three hours, the mauve product was collected, 
washed with alcohol and ether, and dried : 

01096 gave 0:0768 Na,SO,. Na=22°84. 

C,H,N,Na,,C,H,ONa requires Na = 22°69 per cent. 

The compound is very sensitive to the action of moisture, quickly 
becoming yellow when kept in the air. 

The compound formed by the action of aniline on tetraketopiperazine 
has been further investigated. It sublimed readily to a voluminous, 
white product, which was crystallised from methyl alcohol : 

01084 gave 0°2586 CO, and 0°0474 H,O. C=65:'14; H=4°85. 

00746 ,, 189 cc. N, (moist) at 16° and 762 mm. N=19-07. 

C,.H,,0,N, requires CO,= 65°75 ; H=4°10; N=19-17 per cent. 

2:5-Dianilotetraketopiperazine is insoluble in water, and when 
heated with potassium hydroxide, aniline is evolved. It is soluble in 
concentrated sulphuric acid, and is reprecipitated on treatment of the 
solution with water. 
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LXX.—The Action of Phosphorus Pentachloride on the 
Methylene Ethers of Catechol Derivatives. Part 
fa A Derivatives of  Dihydroxyphenyl-acetic, 
-glycollic, and -glyoxylie Acids. 


By GrorceE Barcer and ArTHUR JAMES EwINs. 


DertvativeEs of ethylcatechol have recently received much attention on 
account of their relationship to epinephrine (adrenaline) ; certain cyclic 
carbonates and methylene ethers belonging to this class were described 
a short time ago by one of us (Trans., 1908, 93, 2081), and the same 
and closely related derivatives have been obtained simultaneously 
by Pauly (Ber., 1908, 41, 4151) and by Bottcher (Ber., 1909, 42, 
253). The latter author claims to have accomplished a new synthesis 
of the active principle of the suprarenal gland—a claim the validity 
of which has been questioned by Pauly (Ber., 1909, 42, 484), not 
without reason. 

While working at this subject we were induced to prepare other 

HO 


substances containing the complex HO¢ CH(OH)-C in order to 


compare their solubility in water with that of epinephrine, which, 
strangely enough for a substance of this type, is insoluble in water. 
In particular we attempted the preparation of the methylamide of 
3:4-dihydroxymandelic acid, C,H,(OH),-CH(OH)-CO-NH°’CH, ; we 
found this substance to be very soluble in water, and were unable to 
obtain it in the pure state. As was to be expected, it was physiologi- 
cally inert, and it could not be reduced to a physiologically active 
base. 

The above amide was prepared from the corresponding ethyl ester, 
which we isolated in a pure crystalline condition. It is readily soluble 
in water or alcohol, and dihydroxymandelic acid itself is extremely 
soluble, in contrast to epinephrine. 

The starting point of our experiments was the observation that, 
although 3 : 4-methylenedioxymandelic acid itself can only be prepared 
in small quantities by the method given by Lorenz (Ber., 1881, 14, 
793), a good yield of the corresponding ethyl ester is directly obtain- 
able from piperonalcyanohydrin. From this ester we prepared the 
acid, and from the latter by phosphorus pentachloride the acid 
chloride, CC1,:0,:C;H,*CHCl-COCI, which could be easily purified by 
distillation. By treatment with formic acid, the cyclic carbonate of 
3 :4-dihydroxyphenylchloroacetic acid, CO:0,:C,H,*CHCI-CO,H, re- 
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sulted, which, on boiling with water, was converted into 3 : 4-di- 
hydroxymandelic acid. 

The ethyl ester could not be readily prepared from the acid ; in 
order to obtain it, we utilised an observation, that when ethyl 
3:4-methylenedioxymandelate is heated with only three molecular 
proportions of phosphorus pentachloride at comparatively low tem- 
peratures, scarcely any acid chloride is formed, the ester grouping 
remaining intact. In this way we obtained, by a series of reactions 
analogous to those already described, ethyl 3 : 4-dihydroxymandelate 
ina pure condition. Like homoprotocatechuic acid, this ester contains 
three hydroxyl groups, is readily soluble in water, and but sparingly so 
in boiling xylene ; 3 : 4-dihydroxymandelic acid contains four hydroxyl 
groups, is quite insoluble in boiling xylene, and extremely soluble in 
water. 

In some of our experiments with phosphorus pentachloride (as well 
as with thionyl chloride) at a higher temperature (180—200°), we 
observed the partial conversion of the derivatives of dihydroxypheny]- 
chloroacetic acid into derivatives of dihydroxyphenyldichloroacetic acid ; 
whilst the former could be converted into derivatives of dihydroxy- 
phenylglycollic acid, the latter ultimately yielded dihydroxyphenyl- 
glyoxylic acid, C;,H,(OH),-CO-CO,H. The methylene ether of this 
acid had been previously obtained by the oxidation of safrole ; we 
prepared it more conveniently by oxidising the corresponding hydroxy- 
acid. Its methylamide, CH,:0,:C,H,-CO-CO-NH:°CH,, was also 
obtained by condensing piperonyl] chloride with methyl csocyanide. 

The formation of derivatives of phenyldichloroacetic acid from 
those of phenylmonochloroacetic acid by means of phosphorus penta- 
chloride, referred to above, is quite analogous to the oxidation of 
piperonyloin (a benzoin derivative) to dicarbonyltetraoxybenzil, 
previously described by us (Trans., 1908, 93, 736) as the result of the 
action of thionyl chloride; in either case the grouping CH(OH)-CO 
is oxidised to CCl,*CO. 

We may here review the conditions under which the various 
chlorine atoms introduced by phosphorus pentachloride (and thionyl- 
chloride) are eliminated from the compounds described in this and in. 
previous papers. The chlorine atoms in the methylene group, and in 
aliphatic carboxyl groups, are the most labile, and are removed by 
formic acid without boiling, and by exposure to moist air in the cold. 
The chlorine atom in 3 : 4-carbonyldioxybenzoyl chloride is somewhat 
more stable, and is only removed by boiling with formic acid for a 
short time (Trans., 1908, 93, 568). 

Next in order of stability come apparently the pair of chlorine 
atoms in an aldehyde group, as in 3: 4-carbonyldioxybenzylidene 
chloride, which require boiling with formic acid for some time (Pauly, 
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Ber., 1907, 40, 3096). The removal of the two chlorine atoms, which 
gives rise to a diketone (Trans., 1908, 93, 737) or a ketonic acid 
(the present paper), is only accomplished slowly by prolonged boiling 
with formic acid. Finally, the single chlorine atom replacing an 
alcoholic hydroxyl group (Trans., 1908, 93, 2084, and the present 
paper) is quite resistant to boiling formic acid, and has to be eliminated 
by water. | 
EXPERIMENTAL. 


3: 4-Methylenedioxy phenylhydroxyacetimino-ethylether Hydrochloride, 
CH,<?>0,H,-CH(OH)-C(OEt):NH, HCl. 


Piperonal (20 grams) is melted, and a concentrated solution of 
sodium hydrogen sulphite (15 grams) in warm water is stirred in, 
The additive compound which separates out is collected, washed, 
and made into a thick paste with a little water. A cold aqueous 
saturated solution of potassium cyanide (10 grams) is then added; 
on stirring, the bisulphite compound dissolves completely, and the 
piperonalecyanohydrin separates as a colourless liquid, which soon 
becomes pink. It is dissolved in ether, the ethereal solution is 
filtered, and dried. After the addition of rather more than one 
molecular proportion of alcohol, the solution is saturated with 
hydrogen chloride at a temperature below 10°. On standing for 
a short time, the solution is transformed into a mass of crystals. 
After draining and washing with dry ether, the pure hydrochloride 
is obtained. It melts and decomposes at 118—119°. Yield =60 per 
cent. of the theoretical : 

0°2067 gave 0°1104 AgCl. Cl=13°3. 

C,,H,,0,NCl requires Cl = 13-7 per cent. 


Ethyl 3: 4-Methylenedioxymandelate, CH,<0>0,H,"CH(OH)-CO,Bt. 


The hydrochloride described above is warmed with water. The 
ester separates as an oil which solidifies on cooling. When crystal- 
lised from xylene it forms white needles melting at 72° and boiling 
at 179—181°/8 mm., 197°/15 mm. The yield is almost quantitative: 

0°1631 gave 0°3499 CO, and 0°0786 H,O. C=585; H=5-4. 

C,,H,,0, requires C=58°9 ; H=5-4 per cent. 


3 :4-Methylenedioxymandelic Acid, CH,<0>0,H,'CH(OH)-CO,E. 


Ten grams of the above ester were boiled for three hours with 
10 grams of potassium hydroxide dissolved in 100 c.c. of 90 per cent. 
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alcohol. The resulting solution was nearly neutralised with hydro- 
chloric acid and filtered from precipitated potassium chloride. The 
filtrate was evaporated to dryness, and the residue dissolved in 
a little water. On acidification, the acid separated out and, after 
recrystallisation from dilute alcohol, formed colourless, hexagonal 
plates, melting at 162°. Yield, 80—90 per cent. The acid is only 
very sparingly soluble -in benzene. We are unable to confirm 
Lorenz’s statement that the substance is very unstable ; his substance 
cannot have been pure, as he gives the melting point 152—153°: 
Garelli gives 156°. 


5 :4-Methylenedionymandelamide, CH,<¢, >C,H,-CH(OH)-CO-NHy. 


This substance was prepared by leaving the ester in contact with 
a large excess of concentrated aqueous ammonia, when it was gradually 
transformed into glistening, rhombic plates, which, after recrystal- 
lisation from a mixture of ethyl acetate and alcohol, melted sharply 
at 140°. The amide is readily soluble in hot water : 

02196 gave 14:2 c.c. N, (moist) at 25° and 764 mm. N=7°3. 

C,H,O,N requires N =7:2 per cent. 

The reduction of this amide to a base was attempted without 

success. 


3: 4-Methylenedioxyphenylglyoxylic Acid, CH,<0>0,H,-CO-CO,H. 


This acid has been previously obtained by Ciamician and Silber 
(Ber., 1890, 23, 1165) by oxidation of isosafrole, but the yield is very 
small. We failed to obtain it from 3 : 4-methylenedioxymandelic acid 
by oxidation with potassium dichromate and sulphuric acid, but 
with alkaline permanganate a small yield of the ketonic acid was 
obtainable, 

Five grams of methylenedioxymandelic acid were dissolved in 
150 c.c. of water by means of a slight excess of sodium carbonate, 
and 10 grams of finely-powdered potassium permanganate were 
gradually added to the boiling solution. After removal of the 
manganese dioxide by filtration, the solution was acidified, and 
the acid, which separated out somewhat slowly, was crystallised 
from benzene, in which it is fairly soluble. It forms yellow needles 
melting at 148° if the benzene of crystallisation has been driven off 
by previous heating at 100°. Yield, 10—20 per cent. 

This acid was also obtained from its methylamide (by hydrolysis 
with sodium hydroxide), and then formed long, yellow needles, m. p. 
148—149°. The methylamide was prepared by a different method, 
48 follows : 
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3: 4-Methylenedioxyphenylglyoxylmethylamide, 
CH,<0>0,H,-CO-CO-NH-CH,. 


Equimolecular proportions of piperonyl chloride, 
CH,-:0,:C,H,°COCI, 

and methyl isocyanide were heated to 90° for fifteen minutes, when 
the odour of the latter substance had disappeared. The resulting 
syrup was dissolved in chloroform, and benzene was added until no 
more tarry precipitate was formed. On passing steam through the 
yellow filtrate, a little piperonylic acid separated, and then, on cooling, 
a yellow oil appeared which soon solidified. After recrystallisation 
from very dilute sodium carbonate solution, it formed pale yellow 
leaflets, m. p. 112°: 

0°1962 gave 11-2 c.c. N, (moist) at 9° and 742 mm. N=6-70. 

C,,H,O,N requires N = 6°76 per cent, 


3: 4-Dichloromethylenedioxyphenylchloroacetyl Chloride, 
CC1,<)>C,H,*CHCl-COCI. 


Methylenedioxymandelic acid (5 grams) was heated with four mole- 
cular proportions of phosphorus pentachloride (215 grams) under 
reflux condenser to 180° for five hours. On distillation, phosphorus 
trichloride and phosphoryl chloride first passed over, and then a 
colourless liquid boiling constantly at 167°/10 mm., the yield of 
which amounted to 80 per cent. of the theory : 

01808 gave 0°2405 CO, and 0°0242 H,O. C=363; H=1°5. 

01815 ,, 0°3430 AgCl. Cl=46°7. 

C,H,0,Cl, requires C= 35°8; H=1'3; Cl=47-0 per cent. 


3 :4-Carbonyldioxyphenylchloroacetic Acid, CO<O>C,H,"CHCI-CO,E. 


The acid chloride described above reacts violently with cold formic 
acid ; the reaction is completed by boiling for a short time, and then 
a crystalline solid separates out if the solution is moderately concen- 
trated. After recrystallisation from formic acid, the substance formed 
short, broad prisms melting at 144°: 

0°1828 gave 0°3159 CO, and 0:0366 H,O. C=47:1; H=2°2. 

0-2041 ,, 01310 AgCl. Cl=15°9., 

C,H,0,Cl requires C= 47°3 ; H=2°2; Cl=15°5 per cent. 
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3 :4-Carbonyldioxyphenylchloroacetyl Chloride, 
co<?>C,H,-CHCI-COCI. 


This substance was obtained by heating the above acid (1°5 grams) 
with thionyl chloride (15 c.c.) on the water-bath for one and a-half 
hours. On distillation, the chloride boiled at 185—186°/9 mm. : 

0:2102 gave 0°2458 AgCl. Cl=28°9. 

C,H,0,Cl, requires Cl = 28°7 per cent. 

The substance was treated in benzene solution with equimolecular 
proportions of various bases, but no crystalline product could be 
isolated. 


3:4-Dihydroxymandelic Acid, C,H,(OH),*CH(OH)-CO,H. 


By warming carbonyldioxyphenylchloroacetic acid in aqueous- 
acetone solution on the water-bath in the presence of powdered 
marble, and subsequent evaporation, this acid is obtained as 
an amorphous, pale yellow solid, which is extremely soluble in 
water, alcohol, acetone, ether, or ethyl acetate, but not at all in 
boiling benzene or xylene. When a concentrated alcoholic solution 
is dropped into a large quantity of boiling xylene, the whole of the 
acid is at once precipitated. In spite of many attempts, we have 
been unable to crystallise the acid or any of its salts; the only 
crystalline derivative obtained was the ethyl ester described below. 

A specimen purified by precipitation from alcoholic solution by 
benzene, and still containing a little calcium salt, was analysed, and 
gave, after subtracting the ash : 

Found, C=53:0; H=5°9. 

C,H,O, requires C=52-2; H= 4°35 per cent. 

The acid thus obtained was a white, amorphous powder, and was 
very unstable. Its aqueous solution darkens on exposure to light and 
air, instantly reduces ammoniacal silver nitrate solution, and is 
coloured an intense green by ferric chloride. The brucine salt of the acid 
separated as an amorphous precipitate on mixing alcoholic solutions of 
the two constituents ; the quinine salt is, on the other hand, readily 
soluble in alcohol. Neither salt could be crystallised. 


Ethyl 3 : 4-Dihydroxymandelate, C,H,(OH),.*CH(OH)-CO,Et. 
Ethyl methylenedioxymandelate (20 grams) was heated under a 
reflux condenser with three molecular proportions (55°8 grams) of phos- 
phorus pentachloride to 160° for three hours. On distillation, a 
VOL. XCV. o © 
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fraction boiling at 184—187°/10 mm. and weighing 19°5 grams was 
collected : 

0°1406 gave 0°1980 AgCl. Cl=34°8. 

C,,H,O,Cl, requires Cl = 34°2 per cent. 

The chlorine content and reactions of this distillate showed it to be 
somewhat impure ethyl 3 : 4-dichloromethylenedioxyphenylchloroacetate, 
CCl,-0,:C;H,*CHCI-CO,°C,H, ; the ester grouping had remained 
intact. The distillate reacted violently with cold formic acid, and 
after distillation, 115 grams, boiling at 197—201°/10 mm., were 
collected : 

0°2363 gave 0°1407 AgCl. Cl=14'8. 

C,,H,O,Cl requires Cl=13°8 per cent. 

The latter substance was therefore a somewhat impure cyclic 
carbonate, corresponding with the first-named substance. The 
theoretical yield is 14 grams; the deficiency was partly due to 
the presence of a little acid chloride in the first distillate, which 
was subsequently converted by formic acid into the non-volatile 
acid. The second distillate, boiling at 197—201°/10 mm., consisted 
therefore of ethyl 3: 4-carbonyldioxyphenylchloroacetate contaminated 
with a slight proportion of a substance containing more chlorine, 
probably the corresponding carbonyldioxyphenyldichloroacetate. 

Six grams of the last-mentioned distillate were dissolved in 100 cc. 
of acetone, and water was added until the solution became slightly 
turbid. Rather less than the calculated amount of marble was added ; 
the solution was then boiled on the water-bath for two to three 
hours, after which time a turbidity was no longer produced on dilu- 
tion with water. After concentration in a vacuum to 10 c.c., a pink, 
crystalline solid slowly separated ; yield of the crude product = 70 per 
cent. of the theory. 

Ethyl 3: 4-dihydroxymandelate, which was thus obtained, is very 
soluble in water, but only slightly so in boiling xylene, from which it 
separates in white crystals melting at 152—153°: 

0°1596 gave 0°3323 CO, and 0°0863 H,O. C=568; H=6-0. 

C,,H,,0; requires C=56°7 ; H=5°7 per cent. 


3 : 4-Dichloromethylenedioxyphenyldichloroacetyl Chloride, 
CCl,<P>O,H,*CCl,-COCI. 


Methylenedioxyphenylglyoxylic acid (5 grams) was heated with 
four molecular proportions of phosphorus pentachloride (21°6 grams) 
to 160° for three hours. On distillation, 5 grams of a liquid boiling 
at 172—187°/8 mm. were obtained ; the fraction 185—187°/8 mm. was 
analysed : 
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0:1632 gave 0°3456;AgCl. Cl=52°4. 
C,H,0,Cl, requires Cl = 52°7 per cent. 


3: 4-Carbonyldioxyphenyldichloroacetic Acid, 


CO<O>€,H,CCl,"CO,H. 


On treatment of the whole distillate with formic acid and boiling 
for half a minute, a white, crystalline solid separated, which was 
obtained pure by recrystallisation from benzene and melted at 
152—153°: 

0:1762 gave 0:2656 CO, and 0°0267 H,O. C=41:1; H=177. 

01592 , 01712 AgCl Cl=26°6. 

C,H,0,Cl, requires C=41:1 ; H=1:5; Cl=27°0 per cent. 

The same acid was obtained direct from ethyl methylenedioxy- 
mandelate by the prolonged action of a large excess of thionyl chloride 
at a high temperature. Two grams of this ester were heated with 8 c.c. 
of thionyl chloride to 200° for ten hours. The excess of thionyl 
chloride was distilled off, and the residue then boiled at 190—225°/ 
14mm. On exposure to moist air in a shallow dish, the distillate partly 
crystallised, and after pressing on a porous plate and recrystallisation 
from benzene, 0°3 gram of an acid was obtained, melting at 152° and 
identical with 3:4-carbonyldioxyphenyldichloroacetic acid already 
described. 

The primary result of the action of thionyl chloride on the ester 
was doubtless the formation of ethyl 3 : 4-carbonyldioxyphenylchloro- 
acetate, CO:0,:C,H,*CHCI°CO,Et, boiling at 197—201°/10 mm.. 
described above. Two further reactions then took place; in one 
the ester grouping was attacked, so that the acid chloride, 

CO:0,:C,H,*CHCI-COCI, 
already described b. p. 185—186°/9 mm., was formed. Finally, this 
was oxidised by thionyl chloride to the acid chloride, 
CO:0,:C,H,*CCl,*COCI, 
which in moist air yielded the acid CO:0,:C,H,°CCl,-CO,H. <A 
similarly complex distillate was obtained by the prolonged action of 
phosphorus pentachloride on ethyl methylenedioxymandelate at 
190—200°. 

Thus the fraction 170—175°/10 mm. contained Cl=40°3; the 
fraction 178—184°/9 mm., Cl=40°8; CCI,:0,:C,H,*CHCI-COCI 
requires Cl= 47-0; CCl,:0,:C,H,°CHC1-CO,Et requires Cl= 34-2, and 
CCl,-0,:C,H,*CCl,*CO,Et requires Cl= 42°5 per cent. 

As has been pointed out above, the two additional reactions scarcely 
take place with phosphorus pentachloride at a lower temperature, so 
that the reaction product then consists almost wholly of the ester, 
CCl,:0,:C,H,*CHC1-CO, Et. 

00 2 


KAY: THE CONVERSION OF 


3: 4-Dihydroxyphenylglyoxylic Acid, C,H,(OH),*CO-CO,H. 


This acid is readily obtained by boiling the cyclic carbonate of the 
corresponding dichloroacetic acid with water. The latter acid 
gradually dissolves, and the solution becomes yellow, carbon dioxide 
being evolved. On cooling, a well-crystallised solid separated, which, 
on recrystallisation from a mixture of ethyl acetate and petroleum 
(b. p. 80—90°), formed yellow needles melting at 159°. The substance 
retained one molecule of water of crystallisation, which it did not lose 
in a vacuum over sulphuric acid at the laboratory temperature ; the 
water is, however, given off under atmospheric pressure at 100°, the 
substance becoming more deeply yellow. 

For analysis the substance was dried by the former method : 

00965 gave 0°1689 CO, and 0°0359 H,O. C=47:'7; H=4'l. 

0:0299 lost 00026 H,O at 100°. H,O=8°7. 

C,H,O,,H,O requires C=48-‘0 ; H=4:0; H,O=9-0 per cent. 
3:4-Dihydroxyphenylglyoxylic acid is readily scluble in water, 
although much less than the corresponding hydroxy-acid (3 : 4-di- 
hydroxymandelic acid, described above). The solution in water and in 
alcohol is coloured intensely green by ferric chloride, the coloration 
becoming pink on the addition of alkali. 


THE WELLCOME PHYSIOLOGICAL RESEARCH LABORATORIES, 
HERNE HILL, Lonpon, S8.E. 


LXXI.—The Conversion of d-a-Methylisoserine «to 
d-a-Methylalyceric Acid. 


By Francis Witttam Kay (1851 Exhibition Scholar of the University 
of Manchester). 


In the course of some investigations on the behaviour of B-amino-acids 
towards nitrosyl bromide, it was discovered that a-methylisoserine 
(B-amino-a-hydroxyisobutyric acid) is converted by this reagent ia 
the cold into B-bromo-a-methyl-lactic acid (8-bromo-a-hydroxyisobutyric 
acid) : 
NH,*CH,*CMe(OH):CO,H —> CH,Br-CMe(OH)-CO,H. 

This acid has previously been described by Melikoff (Annalen, 
1886, 234, 213), who obtained it by the addition of hydrogen 
bromide to a-methylglyceric acid : 


—> OCH,Br-CMe(OH):CO,H. 


OH, 
| “ 
O<bMe-CO,H 
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The acid prepared from a-methylisoserine melts at 102—103° and 
is identical in all respects with Melikoff’s acid. d-a-Methylisoserine, 
when submitted to the same treatment, is easily converted into the 
corresponding d-B-bromo-a-methyl-lactic acid, which crystallises from 
benzene in long, silky needles and melts at 114°: considerably higher 
than the racemic acid. 

d-8-Bromo-a-methyl-lactic acid readily loses the elements of hydro- 
bromic acid when dissolved in alcohol and treated with the theoretical 
amount of cold alcoholic potassium hydroxide, potassium d-a-methyl- 
glycidate being obtained as a voluminous precipitate of silky 
leaflets : 
oH, 

CMe-CO,K" 

Owing to the small amount of material at my disposal and the 
fact that a-methylglycidic acid is a syrupy substance which crystal- 
lises with the utmost difficulty, it was quite out of the question to 
isolate the free dextro-acid and measure its rotatory power. The 
potassium salt was therefore employed for the determination of the 
optical properties. 

Now, according to the statements of Melikoff (loc. cit.), the potassium 
salt of r-a-methylglycidic acid readily combines with the elements of 
water when its aqueous solution is maintained at 95—100° for some 
time. This hydration leads to the formation of the potassium salt of 
a-methylglyceric acid, thus : 


CH,Br-CMe(OH):CO,K —> 0< 


—-> OH-CH,*CMe(0H)-CO,K. 


H, 
O<enenk 
In order to obtain a rough estimate of the rotatory power of the d- 
modification of the latter acid (as potassium salt), the optical activity 
of the contents of the polarimeter tube from the previous ex- 


periment was redetermined after.they had been maintained at 90° for 
two hours. 


EXPERIMENTAL. 
Action of Nitrosyl Bromide on d-a-Methylisoserine. 


The d-amino-acid (3°6 grams) is dissolved in 3:5 grams of hydro- 
bromic acid (sp. gr. 1°49), diluted with 3 c.c. of water, and cooled in 
a mixture of ice and salt. After adding 3 grams (1 ¢.c.) of bromine, 
nitric oxide is conducted through the cold solution in a fairly rapid 
stream for an hour. The reaction is a slow one, and proceeds without 
the visible evolution of nitrogen gas. A further quantity of bromine 
(3 grams) is now added, after which the nitric oxide is conducted 
into the solution rather more rapidly and with frequent shaking. 
The third portion of bromine is finally added, and the gas passed in 
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until most of the free halogen disappears. When this stage is 
reached, the current of nitric oxide is shut off and the bulk of the 
residual free bromine is removed by blowing air through the dark red 
solution. The remainder is destroyed by the cautious addition of 
sulphurous acid in the cold. The almost colourless acid solution is 
next saturated with ammonium sulphate and extracted ten times with 
ether. The dried ethereal solution is evaporated under diminished 
pressure and the slightly brown, flaky residue recrystallised from 
100 c.c. of benzene. In this way a yield amounting to more than 
90 per cent. of the theoretical can readily be obtained : 

0°1876 gave 0°1802 CO, and 0°0620 H,O. C=26:19; H=3°70. 

0:2277 ,, 02334 AgBr. Br= 43-62. 

C,H,0,Br requires C = 26°23 ; H=3°83 ; Br=43°71 per cent. 

The optical properties were measured in approximately 10 per cent. 
aqueous solution : 

0°3696, made up to 3°8115 (sp. gr. at 20°= 11-0446), gave in a 1-dem. 

tube, a +0°75° (+ 0°01), whence [a]} +7°40° (+ 0:20).* 

d-B-Bromo-a-methyl-lactic acid crystallises in silky needles, which can 
frequently be obtained an inch long. These melt at 114° (uncorr.)— 
considerably higher than the racemic acid—and are readily soluble in 
alcohol, ether, acetone, or water. In boiling benzene the bromo-acid 


dissolves fairly readily, but the solution on cooling deposits almost the 
whole of the acid in compact, crystalline tufts. 


Potassium d-a-Methylglycidate. 


The elimination of the elements of hydrobromic acid from 4-f- 
bromo-a-methyl-lactic acid can readily be effected by the action of the 
theoretical amount of cold alcoholic potassium hydroxide. For this 
purpose, 3 grams of the bromo-acid were dissolved in 5 volumes of 
absolute alcohol, carefully cooled in a freezing mixture, and gradually 
treated with a solution of 2 grams of potassium hydroxide (specially 
purified) in 20 ¢.c. of alcohol. The addition of the alkali was carried 
out in such a manner that the alcoholic solution always remained 
slightly acid, whilst care was taken that the temperature never rose 
above zero. By the time half the potassium hydroxide had been 
added, potassium bromide began to separate. After the whole of 
the potassium hydroxide solution had been added, the mixture was 
kept at 0° for several hours so that the separation of the potassium 


* A similar experiment was carried out with 2°4 grams of the racemic amino- 
hydroxy-acid, yielding 2°1 grams (80 per cent.) of the racemic bromo-acid melting 
at 102—1038° (uncorr.), which is obviously identical with that described by Melikoff: 

0°1754 gave 0°1782 AgBr. Br=42°24. 

C,H,O Br requires Br=43°71 per cent. 
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bromide might become as complete as possible. The solid deposit was 
now collected and washed with a little cold alcohol. As _ the 
precipitate still contained some potassium salt of the organic acid 
which had been carried down mechanically, it was therefore exhausted 
a few times with boiling absolute alcohol, yielding an extract which 
was worked up by itself, as described below. The potassium salt of 
the glycidic acid was finally precipitated from its alcoholic solutions 
by the addition of a large volume of ether. It was naturally con- 
taminated with potassium bromide, which could only be removed with 
great difficulty. It was finally obtained practically pure by repeated 
recrystallisation from boiling absolute alcohol, from which it separates 
on cooling in silvery leaflets. The total yield of bromine-free 
potassium salt only amounted to 0°6 gram, or 25 per cent. of the 
theoretical, which is fairly satisfactory considering the method of 
purification. 

For analysis and the determination of the ‘optical properties, the 
rather hygroscopic salt was dried at 95° in a vacuum over phosphoric 
oxide until constant in weight : 


01856 gave 0°1158 K,SO,. K=28-02. 
C,H,0O,K requires K = 27:96 per cent. 


The determination of the rotatory power was carried out in approxi- 


mately 10 per cent. aqueous solution : 

03964, made up to 3-9800 (sp. gr. at 20°= 1°0460), gave in a l-dem. 

tube, a — 183° (+ 0:01), whence [a]? —17°57° (+ 0°20). 

Potassium d-a-methylglycidate is sparingly soluble in cold absolute 
alcohol, but dissolves fairly readily in the hot solvent, and crystallises 
from the hot solution with the utmost readiness in mother-of-pearl 
leaflets, which when collected form a compact, scaly skin. 

Potassium d-a-methylglycerate.—As stated in the introduction, the 
author had to content himself, for the present, with an approximate 
estimation of the rotatory power of this salt, which was accomplished 
by pouring the contents of the polarimeter tube from the above 
determination into a tared, stoppered flask, which was next weighed 
and then placed in the steam-oven for two hours, the stopper being 
loosely replaced so as to prevent evaporation as much as possible. 
When cold, the solution was diluted with water, so that it contained 
approximately 10 per cent. of potassium d-a-methylglycerate : 

03824, made up to 3°8873 (sp. gr. at 20°=1°0430), gave in a 
I-dem. tube a —0°41°(+ 0°01), whence [a]? — 4:00° (+ 0°20). 

It is hoped later to extend these experiments by the isolation of 
the free d-a-methylglyceric acid, and also to carry out the corre- 
sponding transformations with the levo-component. 
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In conclusion, the author wishes to thank Prof. Emil Fischer for 
the valuable advice and the kind interest he took in this work while 
it was being carried out in the Berlin laboratories. 


EvoLE DE CHIMIE, 
GENEVA. 


LXXI.—A Polarimetric Method of Identifying Chitin. 
By James CoLquyoun IRVINE. 


THE numerous investigations which have been carried out during the 
last thirty years on the nature and distribution of chitin have been 
greatly hampered by the absence of any definite test for the compound. 
In cases where the substance can be obtained in quantity, its identifi- 
cation usually depends on the results of quantitative analysis supple- 
mented by conversion into glucosamine hydrochloride. These methods 
are not altogether free from objection, as the analytical figures obtained 
are liable to show some fluctuation, aud, moreover, the conversion into 
glucosamine hydrochloride by the process at present in use applies 
equally well to many nitrogenous compounds other than chitin, and is 
therefore inconclusive. In testing small quantities of material, even 
the above methods are inapplicable, and thus many natural products 
are classified as chitin in that they display merely the negative 
properties of insolubility in dilute acids*and alkalis, and resistance 
towards the action of dilute potassium permanganate solution. 
Conflicting results are therefore numerous, and the question has even 
been raised as to whether chitin, derived from different sources, or 
from different organs of the same individual, is in reality a definite 
compound of uniform composition. 

This view, however, seems to rest largely on the evidence of staining 
tests, which may vary greatly according to surface conditions, and 
thus the opinion generally prevails that chitin is a definite compound, 
which in many ways plays a part in invertebrate animal structure 
similar to that shown by cellulose in plants. Considerable support is 
given to this idea by the results obtained by Miss Sollas (Proc. Roy. 
Soc., 1907, 79, B, 474), who determined some physical constants of 
chitin obtained from various sources. It was shown that practically 
identical values were obtained in exact determinations of the specific 
gravity and also of the refractive index. 

The following research was carried out in the hope that determina- 
tions of the specific rotations of chitin, together with the polarimetric 
study of its conversion into glucosamine hydrochloride and chitose 
respectively, would yield definite evidence of identity or difference in 
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specimens of the compound obtained from widely different sources. 
In this connexion I take the opportunity of expressing my indebted- 
ness to Professor W. C. McIntosh and Dr. J. R. Tosh for their 
kindness in providing the necessary material, and in placing at my 
disposal many valuable zoological specimens. 

The usual method of obtaining pure chitin was followed, the final 
precipitation of the compound being repeated until the product was 
perfectly white and free from traces of ash. 


Specific Rotation of Chitin in Hydrogen Chloride. 


In determining the specific rotations the use of concentrated 
hydrochloric acid as a solvent necessitates special precautions. The 
metallic fittings of the polarimeter tube and its accessories were coated 
with a thin layer of vaseline in order to avoid corrosion by the acid, 
a method which did not introduce any experimental error. All the 
readings were taken at 20°, and the concentration used was as nearly 
as possible 1°75 per cent.'in each case. More concentrated solutions 
of chitin can of course be obtained, but as the substance dissolves 
slowly in the acid, a considerable time must elapse in such cases before 
the first polarimetric readings can be taken. This is inadvisable, as 
the specific rotation alters appreciably on standing, and the above 
value for the concentration was selected as the most suitable, as a 
solution of this strength may be rapidly prepared. In every case the 
sample of chitin was finely powdered and dried at 110° until constant 
in weight. Although chitin doubtless dissolves in the acid owing to 
hydrochloride formation, the specific rotations were calculated on the 
weight of substance used. 

The results obtained show that chitin is uniformly levorotatory, 
the average value being [a]; -14°1° in hydrochloric acid (sp. gr. 
1160). 


Source of the chitin used. Snitial specific rotation. 
1. Carapace of Homarus -14°7° ~ 13°9° 
2. + Cancer paguras 13°6 
3. re Limulus 13°9 
4. e Lithodes maia 13°5 
5. Total chitin from Crangon vulgaris . ............ 14°6 
. m Blatta 13°9 
7. From the beak of Loligo 14°1 
8. From Flustra foliacea 14°0 


In view of the uniformity of the specific rotations recorded above, 
there can be little doubt that all the specimens are identical in every 
respect. 
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Changes in Rotatory Power due to the Formation of .Glucosamine 
Hydrochloride. 


The claim for identity of the different preparations of chitin js 
greatly strengthened by a study of the optical changes shown by the 
rotation solutions on standing or on warming. Even at room 
temperature the specific rotations rapidly diminished, and the solution 
ultimately became dextrorotatory. The rate and magnitude of this 
characteristic “inversion” are shown in the following table : 


Time in hours from start. 0. 24. 
Chitin from Cancer , — 13°6° -3°1 
Blatia 13°9 3°0 
Homarus ......+. «0» 14°7 3°4 


The increase in dextrorotatory power continued until the constant 
value (calculated on the original concentration) of [a]? +56° was 
reached in each case. This optical change, which is of course due to 
formation of glucosamine hydrochloride, is greatly accelerated by 
keeping the solution at 40—45°, the reaction being then complete in 
eight to ten hours. It was afterwards found that under these 
conditions the hydrolysis is complete and quantitative, and as no 
colouring matters are produced, accurate readings may be made, 
The polarimetric test for chitin should therefore include, not only the 
determination of the initial specific rotation, but also of the permanent 
values reached on hydrolysis. The following results show con- 
clusively that the various preparations examined were identical 
substances : 


Source of the chitin Specific rotation | ‘Source of the chitin Specific rotation 


used. alter hydrolysis. 
Crangon 56°4° 
55°9 
55°9 
Flustra 56°0 
Mean, 56°0°. 


atter hydrolysis. 


Action of Nitrous Acid on the Hydrolysed Solutions. 


The polarimetric examination was extended by decomposing the 
various rotation solutions with nitrous acid and examining the 
activities of the resulting liquids. For this purpose 15 c.c. of each 
of the solutions referred to above were withdrawn, and 10 c.c. of 
5 per cent. potassium nitrite solution added drop by drop. The liquid 
was then gently warmed until effervescence ceased and all nitrous 
fumes were expelled, after which it was diluted to 30 c.c. The active 
constituent then present in the solution is the monosaccharide chitose, 
the concentration of which may be calculated. The results obtained 
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by this process were not very uniform, and, in the absence of any 
reliable data as to the rotatory powers of chitose, it is impossible 
to explain the discrepancies observed. The general result was, 
however, the same in every case, the specific rotations diminishing 


to about half the initial value : 
[a]? after [a}?° after conversion 
Source of the chitin used. hydrolysis. into chitose. 
Carcinus 4-22°7° 
Homarus ‘ 22°6 


Limulus * 28°8 
27°4 


25°5 


Polarimetric Examination of Chitin Obtained from Different Organs 
of the same Individual. 


The external skeleton of the edible crab was selected for experiment 
with the view of determining the rotatory powers of specimens of chitin 
derived from the various regions. The well-rotted shell was dissected 
after decalcification, the carapace being detached from the abdominal 
coating and being separately worked up. The leg cases and chelx 
were also separately treated. The preparation of pure chitin from 
each of these regions was carried out exactly as before, and the 
following polarimetric results were obtained : 

[a]? after {a]?? after treatment 
Initial [a]??. hydrolysis. with nitrous acid. 
Carapace region -13°6° +55°6° + 24° 
Ambulatory appendages.. 13°9 56°3 23° 
13°5 55°6 26° 

The results show that in the particular case studied the chitin 

derived from the different structures is uniform in optical properties. 


Application of the Test to the Detection of Small Quantities. 


In applying the polarimetric test to very small quantities of chitin, 
special difficulties arise, as it is almost impossible to detach the 
precipitated compound from the filter without fibres of the paper 
adhering to the product.’ In such a case the test may be applied by 
comparing the observed angles of rotation without calculating the 
values as specific rotations. If a, represents the initial observed 
angle, and a», a, the value after hydrolysis and decomposition with 
nitrous acid respectively, then, when the same Jength of observation 
tube is used throughout, the numerical relationship between the 
different values is shown in the following approximate ratio : 

aa, ——- ap oe Qe 
-1 —> +4 —-> +3. 
This admits of the test being applied to as small a quantity as 
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0-1 gram. In order to obtain the maximum polarimetric reading the 
test specimen is dissolved in the minimum amount of hydrochloric 
acid necessary to fill a 1-dem. tube, the initial angle is read, and also 
that observed after heating for ten hours at 45° in a stoppered flask, 
The experimental error is naturally large, as the readings are small, 
but the following figures show that nevertheless the method is fairly 
trustworthy : 
a). 

1 +1°01° 

2. 99 0°99 

3. "18 - 0°76 

4 “13 - 0°52 

In the course of the work a number of structures were examined 
in which the occurrence of chitin has been disputed. 

Negative results were obtained in the following cases: the egg 
capsule of Raia, the “spongin” of Halychondria and Chalina, the 
suckers and “pen” of Loligo, Aleyonium, and the outer integument 
of horn. 

It is hoped that the polarimetric test may be applied to establish 
whether the so-called “ fungus cellulose” or “ fungus chitin ” found in 
Boletus edulis and other botanical forms is in reality identical with 
the chitin derived from animal sources. 


Discussion of Results. Constitution of Chitin. 


The polarimetric results obtained in the hydrolysis of chitin throw 
some light on the problem of the structure of the compound. 
Although molecular-weight determinations are impossible with the 
substance, investigators have not hesitated to speculate as to the 
probable complexity of the molecule, and various formule, framed to 
suit analytical results, have in turn been proposed and rejected. The 
original formula suggested by Ledderhose (Zeitsch. physiol. Chem., 
1879, 2, 225) was apparently based on the assumption that chitin is 
a glucosidic compound formed by the condensation of aminoglucose 
and acetic acid. This view was opposed by Sundwik (Zeitsch. physiol. 
Chem., 1881, 5, 384), who recommended various complicated alterna- 
tives, indicating that the analytical data were best satisfied by the 
formula ©,,H,;,0,,.N, or its multiples. He regarded chitin as a 
complex containing both glucose and aminoglucose residues, but 
questioned the presence of acyl groups. Different observers have, 
however, identified acetic, butyric, and formic acids among the 
hydrolytic products ; as the reaction was in such cases carried out 
by boiling the solution of chitin in concentrated hydrochloric acid, it 
is not surprising that the two latter compounds were produced. 

Possibly the most acceptable view is that of Frankel and Kelly, 
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who ascribe to chitin a molecular complexity similar to that of starch 
or glycogen. ‘They also showed that chitin may be converted into 
acetylglucosamine, thus indicating that in the parent substance acetyl 
groups are united to nitrogen. Presumably in a complex of this 
nature the sugar residues must be directly linked, and according to 
this idea the hydrolytic action of hydrochloric acid consists in cleavage 
of the molecule, followed by removal of the acetyl groups. The 
simplest possible products of the hydrolysis should therefore be 
glucosamine hydrochloride and acetic acid. The polarimetric study 
of the change permits of the accurate estimation of the amount 
of the former compound which is produced, and the various formula 
suggested for chitin may thus be tested in their relationship to 
the results obtained. 

The conclusion arrived at is that Sundvik’s formula, C,,H,,0,,.N,, is 
the simplest one which adequately fulfils the necessary conditions, 
although his explanation of the mechanism of the hydrolysis is mani- 
festly incorrect. He regards all volatile acids formed during the 
change as decomposition products, and applies the following equation to 
the reaction : 

C,,H;,0,.N, + 7H,O=4C,H,,0;N + C,H,,0,. , 
This view is no longer tenable, for, as already pointed out, the hydro- 
lysis of chitin at 45° involves no extraneous decomposition of the 
sugar residues, but nevertheless it was found that acetic acid was 
formed in quantity during the reaction. The above equation must 
therefore be modified. 

A review of all the available data makes it possible to devise a 
structural formula which wéuld at least represent a fraction of the 
chitin molecule. A structural formula of this kind must, in addition 
to satisfying analytical results, account for the following: (1) the 
absence of reducing properties, (2) the capacity to dissolve in hydro- 
chloric acid, (3) the formation of a definite amount of both glucosamine 
hydrochloride and acetic acid on hydrolysis. These conditions are 
realised in the structure shown below, in which one molecule of amino- 
glucose is condensed with three molecules of acetylaminoglucose 
through the elimination of four molecules of water. 

oy o- 1 OH j —@ . i on 

CH-CH(NHAc)*CH(OH)*CH°CH°CH,"0°CH°CH(N H,)*CH(OH)*CH*CH*CH,"0° 
0 
CH*CH(NHAc)*CH(OH)*CH*CH‘CH,'0°CH*CH(NHAc)*CH(OH)*CH CH’CH," 
| O 1 OH | =) | OH 


The hydrolysis of such a compound would proceed according to the 
equation : 


C,,H,.0,,.N, + 7H,O + 4HCl —> 40,H,,0,N,HCl + 3CH,-CO,H, 
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so that the ratio between the weight of chitin used and that of the 
glucosamine hydrochloride formed is 1: 1°1195. That this ratio holds 
was shown by the following exact experiment: Pure dry chitin 
(4:1238 grams) was dissolved in hydrochloric acid (sp. gr. 1°160) and 
the solution made up to 250 c.c. The rotation in a 2-dem. tube was 
initially — 0°46° (ay —13°9°), and after heating at 45° for fifteen hours 
was +1°86°. This value remained constant on continuing the hydro- 
lysis for an additional five hours. Applying the above ratio, the 
concentration of the glucosamine hydrochloride then present in tie 
solution was c= 1°8476, whence [a] 51°4°._ A second experiment gave 
+51°1°. The rotatory power of glucosamine hydrochloride in 
hydrochloric acid being unknown, this value was determined, using a 
specimen of the compound which had been crystallised several times 
and gave the correct specific rotation in aqueous solution. The result 
obtained was : 
e = 1:6160,7 = 2, a” + 1°66°, [a]? + 51°3°. 

' The close agreement shows that the amount of glucosamine hydro- 
chloride formed during hydrolysis corresponds with the given 
equation. 

It was also possible, by evaporating the rotation solution referred to 
above at 50° under diminished pressure, to estimate approximately 
the amount of acetic acid formed during the reaction. During this 
treatment, judging from the fact that the liquid remained practically 
colourless, no secondary decomposition took place. The acetic acid 
present in the distillate was estimated according to the method adopted 
by Ledderhose. The result indicated the presence of 0:5598 gram of 
acetic acid, a value which is about two-thirds of the calculated amount. 
Taking into consideration the fact that extreme accuracy cannot be 
claimed for an estimation which involves distillation under diminished 
pressure, the result may be taken as an indication that more than two 
molecular proportions of acetic acid are produced in the hydrolysis. 
In order to confirm the absence of butyric acid, a portion of the acid 
distillate was converted into the barium salt ; the product on analysis 
gave Ba = 53°1, whereas theory requires Ba = 53°8 per cent. The 
combined results are therefore in agreement with the idea that the 
formula for chitin is (C,)H,,0,.N,)n, containing acetylaminoglucose 
and aminoglucose residues in the proportion of three to one. 


The general expenses of the above investigation were defrayed by 
research grant from the Carnegie Trust, for which I desire to express 
my thanks. 


CHEMICAL RESEARCH LABORATORY, 
UNITED CoLLEGE oF St. SALVATOR AND St. LEONARD, 
UNIVERSITY OF ST. ANDREWS. 
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THE ALKYL COMPOUNDS OF PLATINUM. 


LXXIHL—The Alkyl Compounds of Platinum. 


By Wituiam Jackson Pope and Stantey JoHN Pracuey. 


Some years ago we observed that many inorganic chlorides, bromides, 
and iodides react vigorously with the Grignard reagent, and showed 
that the alkyl compounds of tin may be conveniently prepared by 
the action of the magnesium alkyl chlorides, bromides, or iodides on 
stannic chloride (Proc., 1903, 19, 290). Since that time Pfeiffer 
and his co-workers have applied the reaction to the preparation of 
a number of other organo-metallic compounds, and Kipping has 
shown that the alkyl silicon compounds can in many cases be readily 
prepared by its aid. The Grignard reagent not only furnishes a 
convenient means for preparing organo-metallic compounds of the 
types which had been previously discovered, principally by E. Frank- 
land, with the aid of the zinc alkyl compounds, but Pope and Gibson 
have shown (Trans., 1907, 91, 2061) that the gold alkyl compounds, 
which were previously unknown, can be prepared by the action of 
magnesium alkyl iodides on auric bromide. Frankland has noted 
(Quart. Journ. Chem. Soc., 1861, 13, 188) that, although the zine 
alkyl compounds act violently on halogen compounds of platinum, 
the organic group does not unite with the metal. In the present 
paper we describe the preparation and properties of a new series 
of organo-metallic compounds, namely, those of platinum, which are 
obtained by the action of magnesium methyl iodide on platinic 
chloride. 

By aid of the reaction just mentioned, we have succeeded in obtaining 
trimethylplatinic todide, (CH,),PtI, which proves to be a salt-like 
substance derived from a very feebly basic hydroxide, trimethylplatinic 
hydroxide, (CH,),Pt‘OH. The examination of the latter substance and 
its salts indicates that the quadrivalent platinum atom resembles the 
quinquevalent nitrogen atom, in that it appears impossible to attach 
four alkyl groups to the former just as it is impossible to obtain com- 
pounds in which five basic groups are attached to the same nitrogen 
atom. The new substances now described are further of importance 
in that they are the first representatives to be prepared of tne alkyl 
derivatives of the nine metals composing group VIII of the periodic 
classification. 

Trimethylplatinie Iodide, (CH,),PtI. 


The successful preparation of trimethylplatinic iodide requires 
attention to a number of details, and it is consequently desirable to 
describe the necessary precautions at some length. Chloroplatinic 
acid, contained in a distilling flask, is heated at 200° in a metal- 
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bath under a low atmospheric pressure, the water and hydrogen 
chloride evolved being absorbed by suction through a Woulff’s bottle 
containing solid potassium hydroxide; after some hours’ heating, 
decomposition comes to an end, and nearly pure platinic chloride 
remains in the distilling flask. This material is treated with 
anhydrous ether in sufficient quantity to dissolve part of it and to 
convert the remainder into a dark red syrup; the solution and 
syrup are then slowly run into a solution of magnesium methy] iodide, 
the mixture being constantly cooled and shaken. The magnesium 
methyl] iodide solution used is prepared with the aid of the minimum 
quantity of ether, and is afterwards diluted with five volumes of 
anhydrous benzene ; a considerable excess of the magnesium methyl 
iodide is used, ahout twice as much as is indicated by the following 
equation : 
PtCl, + 3CH,* MgI = (CH,),PtI + 2MgCl, + MgI,. 


The addition of the platinic chloride solution to the Grignard 
reagent leads to a vigorous reaction accompanied by considerable 
evolution of heat. After standing for an hour, the mixture is poured 
into ice-water and the benzene solution separated, the aqueous solu- 
tion being subsequently extracted several times with benzene. After 
washing with water, the benzene extracts are distilled from the 


water-bath under diminished pressure, when a heavy sandy powder of 
a brownish-yellow colour remains behind. This dissolves readily in 
boiling benzene, and, after filtration, the solution on rapid cooling 
deposits trimethylplatinic iodide as a bright yellow, crystalline 
powder. 

The analysis of the substance presents some difficulties, owing to 
a tendency to explosive decomposition on heating. The platinum 
may be determined by treating a weighed quantity with solid iodine 
and a few drops of chloroform in a porcelain crucible and very slowly 
heating to redness. The iodine is determined by slowly heating with 
lime and titrating in the usual way with silver nitrate and thiocyanate 
solutions : » 


01500 gave 0:0795 Pt. Pt=53-00. 
02308 ,, 00791 I. I1=34-27. 
C,H [Pt requires Pt =53°10 ; I=34°61 per cent. 

Trimethylplatinic iodide dissolves freely in hot benzene or chloro- 
form and crystallises well from either solvent. On slow evaporation 
of its solution in benzene it separates in square, doubly refracting 
plates of an amber-yellow colour, which rapidly become opaque owing 
to loss of solvent of crystallisation. It is readily soluble in cold ethyl 
bromide or methyl iodide, and from solutions in the former is 
deposited in hexagonal plates which apparently belong to the cubic 
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system. It is insoluble in water and very sparingly soluble in ether, 
alcohol, acetone, or light petroleum. The substance is not attacked 
in the cold by bromine or iodine, nor by concentrated acids or alkalis ; 
alkali sulphides cause no darkening in colour. When heated with 
concentrated nitric acid it slowly dissolves, with elimination of iodine, 
and on evaporating the solution a white residue remains which 
explodes on further heating, giving a mixture of carbon and 
platinum. 

On heating with concentrated sulphuric acid, the substance slowly 
dissolves, leaving a black residue which probably consists of platinum ; 
part of the iodine is expelled by this treatment and the remainder 
is given off on evaporating and heating, a residue of platinum 
remaining. When heated alone, the compound decomposes with a 
slight explosion, leaving a sooty residue of carbon and platinum ; 
when slowly heated in a melting-point tube a gradual decomposition 
occurs and appears to be complete below 250°. On heating in a 
flame, the substance catches fire and burns with a smoky, lurid flame, 
leaving a residue of platinum. 


Diamminotrimethylplatinie Iodide, (CH,),PtI(NH,),. 


The difficulty with which ammonia acts on trimethylplatinic iodide 
led at first to the view that no combination could be induced 
between these two substances; more careful investigation showed, 
however, that the iodide combines with two molecular equivalents of 
ammonia in accordance with Werner’s classification. On heating 
trimethylplatinic iodide with a mixture of benzene, alcohol, and concen- 
trated ammonia on the water-bath and evaporating to dryness, white, 
crystalline scales are deposited. The substance thus produced is but 
slightly soluble in water, moderately so in benzene or ether, and dis- 
solves very readily in alcohol, ethyl acetate, or acetone ; it is practically 
insoluble in chloroform or light petroleum, and yields free ammonia on 
heating with potassium hydroxide : 

02291 gave 0°1106 Pt. Pt=48-27. 

C,H,,N,[Pt requires Pt = 48°58 per cent. 

It is noteworthy that whilst the diauric halogen compound forms a 
monoammino-derivative, (C,H,),AuBr(NH,) (Trans., 1907, 91, 2065), 
the corresponding trialkylplatinic compound yields a diammino-deriv- 
ative, (CH,),PtI(NH,),, in accordance with Werner's theory. 


Trimethylplatinie Hydroxide, (CH,),Pt-OH. 


This substance is prepared by boiling trimethylplatinic iodide in 
moist acetone solution with freshly precipitated silver hydroxide ; 
the conversion occurs but slowly under these conditions, and is greatly 

VOL. XCV. Y 2 


574 POPE AND PEACHEY: 


expedited by addition of benzene, which dissolves the iodide and 
hydroxide and forms a separate layer of liquid floating on the acetone 
solution. After filtration and washing with water, the benzene solu- 
tion is evaporated, when the hydroxide separates in almost colourless, 
transparent crystal plates, which rapidly become opaque in the air, 
The crude trimethylplatinic hydroxide obtained in this way is purified 
by crystallisation from benzene ; it is deposited in massive square 
tablets, which are colourless and transparent, but become opaque on 
washing with light petroleum owing to loss of solvent. The crystals 
are doubly refracting, and show straight extinction and a_ perfect 
cleavage parallel to their longer edges; they contain benzene of 
crystallisation, but the proportion of this could not be ascertained 
owing to the rapidity with which efflorescence occurs on exposure to 
the air. On heating, the substance burns explosively, leaving a sooty 
residue of carbon and platium ; it was analysed by gently incinerating 
with hydriodic acid, after heating at 100° until all the benzene had 
been driven off : 

0°1666 gave 0°1261 Pt. Pt=75-69. 

C,H,,OPt requires Pt = 75°83 per cent. 

Trimethylplatinic hydroxide is fairly soluble in ether, alcohol, 
acetone, ethyl acetate, chloroform, or benzene, and crystallises from 
the last three solvents named with solvent of crystallisation, which 
is quickly lost in the air. From alcohol or chloroform solutions it 
separates in solvent-free and nearly colourless crystals ; these are 
transparent, highly refractive, rhombic dodecahedra belonging to the 
cubic system. The substance is insoluble in water, alkalis, or light 
petroleum; it is not attacked in the cold by mineral acids, but 
dissolves on warming with nitric acid. Concentrated sulphuric acid 
partly decomposes the hydroxide. 


Trimethylplatinic Sulphate, (Me,Pt),SO,,2H,0. 


Dilute sulphuric acid has little action on trimethylplatinic 
hydroxide, but the sulphate is conveniently prepared by boiling 
equivalent quantities of trimethylplatinic iodide and silver sulphate 
with a mixture of moist acetone and benzene under a reflux condenser 
for several hours. After action has ceased, the solution is filtered and 
evaporated, when trimethylplatinic sulphate separates in small, colour- 
less, rectangular plates, which are transparent and show straight 
extinction. 

The salt is readily soluble in water, alcohol, or acetone, but practically 
insoluble in benzene, light petroleum, ether, or chloroform, It is most 
conveniently crystallised from water, but is difficult to purify owing to 
its ready solubility ; the substance thus obtained contains water of 
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erystallisation, which it apparently retains at 100°. The platinum 
was determined in material dried at 100° by slowly incinerating after 
addition of iodine and chloroform ; the sulphur was estimated by pre- 
cipitation with barium nitrate solution : 


0'2560 gave 071626 Pt. Pt=63°51. 
03612 ,, 0°1333 BaSO,. SO,=15°18. 
C,H,,0,SPt.,2H,O requires Pt = 63°67 ; SO,=15°70 per cent. 


It was not found possible to make a combustion of the substance 
owing to its explosive decomposition on heating alone, and as it 
decomposes when heated sufficiently to drive off the water of crystal- 
lisation, a direct determination of the latter was not attempted. 


Trimethylplatinic Nitrate. 


Trimethylplatinic hydroxide dissolves fairly readily when warmed 
with concentrated nitric acid, or when boiled for some time with the 
diluted acid, forming a nitrate which is very soluble and difficult to 
crystallise, especially from the acid solution. The crystalline salt is 
more easily prepared by treating an aqueous solution of trimethyl- 
platinie sulphate with an equivalent amount of barium nitrate, 
filtering from barium sulphate, and evaporating. It separates from 
the pure aqueous solution in colourless, crystalline plates, which are so 
markedly deliquescent that their analysis was not attempted. The 
crystals are thin, flat plates with replaced ends; the large face is 
perpendicular to the acute bisectrix of a fairly large optic axial angle, 
the extinction is straight, and the double refraction is negative in 
sign. 

Owing to their ready solubility in water, trimethylplatinic sulphate 
and nitrate form convenient sources from which to derive a number 
of more sparingly soluble salts of the new base. 


Trimethylplatinic Chloride, (CH,),PtCl. 


Trimethylplatinic chloride is easily prepared by precipitating an 
aqueous solution of the nitrate or sulphate with potassium chloride or 
by dissolving the hydroxide in alcohol and evaporating to dryness 
after addition of hydrochloric acid. It is practically insoluble in 
water, dissolves very sparingly in acetone, alcohol, or ethyl acetate, 
and is moderately soluble in benzene or chloroform, although distinctly 
less so than is the iodide. The substance crystallises from chloroform 
solutions in colourless, rhombic dodecahedra, which belong to the cubic 
system and contain no solvent of crystallisation. The following 
analysis was made by gently heating the substance in presence of 
iodine and chloroform and subsequently igniting strongly : 

PP2 
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0°1840 gave 0°1300 Pt. Pt=70°65. 
C,H,ClPt requires Pt = 70°75 per cent. 


Trimethylplatinic Cyanide, (CH;),Pt°CN. 


On adding potassium cyanide to a solution of trimethylplatinic 
nitrate or sulphate, a white, flocculent precipitate is thrown down 
which is partly soluble in excess of the precipitant ; the substance is 
insoluble in water, and too sparingly soluble in organic solvents 
to allow of its ready purification. It was not obtained in crystalline 
form, and was consequently not analysed. When boiled with sodium 
hydroxide, ammonia is evolved, but no hydrolytic product of the 
nature of a carboxylic acid could be isolated from the small quantity 
available for investigation. 


Potassium Trimethylplatinic Platinocyanide, K(Me,Pt)Pt(CN),. 


The addition of potassium platinocyanide to an aqueous solution of 
trimethylplatinic nitrate causes the deposition of a slimy, yellow pre- 
cipitate, which is very difficult to filter and wash. It is insoluble in 
water and the usual organic solvents with the exception of acetone 
and alcohol, in which it dissolves freely ; on evaporation of its solutions 
in the latter solvents, it remains as an amorphous, resinous film of a 
greenish-yellow colour. On igniting a known weight of this substance 
with iodine, white fumes of potassium cyanide were evolved at a red- 
heat; after prolonged ignition over the blow-pipe, the residue was 
weighed as platinum: 

0°1730 gave 0°1168 Pt. Pt=67°51. 

C,H,N,K Pt, requires Pt=67°42 per cent. 

It thus appears that the precipitate formed by potassium platino- 
cyanide in a solution of trimethylplatinic nitrate consists of 4 
potassium trimethylplatinic platinocyanide of the composition 

K,Pt(CN),,(Me,Pt),Pt(CN),. 


We desire to express our thanks to Mr. George Matthey, F.RS, 
for generously allowing us the use of the platinum required for this 
work. 
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STUDIES IN THE AZINE SERIES. PART I. 


LXXIV.—Studies in the Azine Series. Part I. The 
Constitution of Safranine. 


By Joun TuEoporE Hewitt, Sipney Hersert Newman, and 
Tomas Fretp WINMILL. 


Tue dyestuffs known as safranines, obtained by the oxidation of two 
molecules of a monoamine together with one molecule of a para- 
diamine, have occupjed the attention of many chemists for the greater 
part of half a century, and it is surprising when one considers the 
enormous amount of experimental detail which has been accumulated, 
that any doubt should yet exist, not only with regard to the 
quinonoid constitution, but even as to the orientation of the amino- 
groups in this class of compounds, Even after the composition of the 
salts of the safranines had been definitely settled by analysis and the 
formation of the so-called phenosafranine hydrochloride by the oxida- 
tion of neutral salts of aniline and p-phenylenediamine had been shown 
to be in accordance with the equation : 


20,H, ‘NH, + C,H,(NH,), + HCl + 40 =4H,0 +0,,H,,N,Cl, 


it was not recognised for some years that these compounds were 
phenylphenazonium derivatives, and even then the position of 
the amino-groups remained in doubt, for it is evident that 
a diaminophenylphenazonium chloride, C,,H,,N,Cl, might consistently — 
with its derivation from one molecule of p-phenylenediamine and two 
molecules of aniline be constituted in either of the two ways shown in 
the formule (1) and (II).* 


* We do not intend in this communication to go into the question of the 
arrangement of the linkings in the safranine and phenylphenazonium nuclei. 
Assuming, as we shall presently show is correct, that phenosafranine is a 
symmetrical compound, it may be formulated with a paraquinonoid (O. Fischer and 
E. Hepp, Ber., 1897, 80, 396), orthoquinonoid (compare Kehrmann, Ber., 1896, 29, 
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Considerable discussion arose as to the relative probabilities of these 
two orientations, formula (I) being advocated by Bernthsen (Ber,, 
1886, 19, 2690) and formula (II) by Witt (Ber., 1886, 19, 3121), 
The fact that a safranine can be obtained by oxidising molecular 
proportions of a para-diamine in which only one amino-group is 
primary, together with a primary monoamine in which ‘the para- 
position need not be free and a substituted monoamine which must 
have a free para position, will agree equally well with both formula, 
although it effectually precludes the structure : 


N NH, 
aA ae 


NH, KK 
w\ CN, ’ 


- \ 
Cl C,H, 
which would allow the employment of secondary and tertiary 
derivatives of p-toluidine. 

Nietzki (Ber., 1883, 16, 470; 1886, 19, 3021), who upheld the 
asymmetric formula of Witt, concluded that different diethyl- 
phenosafranines were obtained according to whether one oxidised 
one molecule of p-aminodiethylaniline together with two molecules of 
aniline, or employed one molecule each of aniline and its diethyl 
derivative with unsubstituted p-phenylenediamine. Nietzki’s results 
were afterwards corrected by Korner and Schraube (Chem. Zeit., 1893, 
17, 305), who showed that identical products resulted if the second 
molecule of monamine were only added after completion of indamine 
formation. In fact, Nietzki himself subsequently furnished con- 
firmatory evidence by the synthesis of monophenylphenosafranine 
from (a) equal molecules of m- and p-aminodiphenylamine and (6) 
equivalents of diphenyl-m-phenylenediamine and p-phenylenediamine, 
the products being identical (Ber., 1896, 29, 1442). 

The evidence, it will be noted, for the symmetrical structure of 


2316 ; Nietzki, ibid., 29, 2771), or cross-linked structure, as shown in the following 
formule : 


N N 
fe Oy he &e6 Na 
HCl, NH: H, NH, H, H. 
wise ah” da’ delet dh, dit OR A 
1 A A y 
C.H; Cl C,H; Cl C.Hs 
Whilst we hope to examine this question in the near future, we are at present 
only concerned with the question of orientation, and in using the somewhat 
indefinite formule (I) and (II), and giving to hydroxyaposafranone (safranol) 4 


paraquinonoid structure, instead of writing it as an internal orthoquinonoid 
anhydride, we do so without prejudice. 
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phenosafranine is indirect, resting on the synthesis of substituted 
derivatives. But Nietzki and Otto had obtained by removal of the 
amino-groups from safranine a compound of the formula C,,H,,0,N,, 
the structure of which is that of a hydroxyaposafranone (safranol : 
Nietzki and Otto, Ber., 1888, 21, 1593), 
N ° 
HO-0,H,<y (O,H,)> CoHs'0 ; 

and the synthesis by G. F. Jaubert (Ber., 1895, 28, 273) of an ap- 
parently identical compound from nitrosophenol and m-hydroxy- 
diphenylamine would appear to leave no doubt of the constitution of 
this substance and also that of phenosafranine, for the production of 
a quinonoid compound can only take place in such a way as to furnish 
a substance ee one of the three following constitutions : 


OH N 
ny, AO» ON 


BLA \ NO: 
C,H, = 
On 


(I.) (IL) (III.) 
It is on a priori grounds probable that a substance having con- 
stitution (I) would be produced, whilst if the substance is really 
identical with Nietzki’s safranol, no other formula is possible, for 
although structure (I) agrees with Bernthsen’s formula for pheno- 
safranine, constitutions (II) and (III) cannot be derived from either 
of the formulz which have been assigned to the diamino-compound. 
Unfortunately, no direct comparison was made, and the definite proof 
of Bernthsen’s formulation of phenosafranine remained incomplete. 
Meanwhile, P. Barbier entered the field and gradually came to the 
conclusion that phenosafranine is a mixture of two isomerides, the 
major portion of the colouring matter consisting of a substance having 
the structure ascribed by Witt to phenosafranine, whilst only a small 
portion corresponded with the symmetrical formula. The results of 
these researches were collected and published by Barbier and Sisley in 
along paper (Ann. Chim. Phys., 1908, [viii], 13, 96), in which not 
only was the separation of the isomerides and many of their physical 
properties described (solubility, electrical conductivity, and absorption 
spectra of salts), but the synthesis of an apparently undoubted 
unsymmetrical phenosafranine was also effected. 
For the synthesis of the unsymmetrical phenosafranine, Barbier 
and Sisley added a solution of potassium dichromate to a neutral 
solution of equimolecular quantities of 2 : 4’-diaminodiphenylamine 
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and aniline, subsequently boiling the solution; the product they 
obtained showed after seven or eight recrystallisations the colour re- 
actions of phenosafranine. (Red aqueous solution, the colour passing 
first into blue and then green by addition of an excess of sulphuric 
acid.) 

The apparent definiteness of the results obtained by Barbier and 
Sisley led one of the present authors at first to form the opinion that 
in the particular case of the simplest safranine the condensation 
follows an abnormal course, but further reflection made it appear 
worth while to examine the subject further and the results obtained 
are now recorded. 

Briefly stated the results are as follows: The safranol obtained 
from safranine by Nietzki’s method is identical with that synthesised 
by Jaubert, for both products furnish acetyl derivatives of identical 
melting point which showed no depression on mixing the specimens. 
Further, the supposed synthesis of phenosafranine from 2 : 4’-diamino- 
diphenylamine and aniline is incorrect, for the former merely yields 
aminophenazine, whether aniline is present or not. 

Preparation of Hydroxyaposafranone.—Jaubert’s method of heating 
an aqueous solution of nitrosophenol, m-hydroxydiphenylamine, and 
sodium hydroxide (Ber., 1895, 28, 273) was closely followed, except 
in so far as the sodium salt of nitrosophenol which he employed was 
replaced by the equivalent amounts of the free phenol and sodium 
hydroxide. ‘The only analysis given by Jaubert is a single estimation 
of sodium in the sodium derivative. So as to confirm the purity of 
the product (Jaubert’s figures not being in close agreement 
with the theory), we decomposed some of the recrystallised sodium 
salt by acid and prepared derivatives. The free hydroxyaposafranone, 
although apparently crystalline, furnished extremely badly agreeing 
results on analysis ; various specimenss gave C = 73°3—73°6, H=4°6, 
whilst C,,H,,0,N, requires C=75°0, H=4'2 per cent. It thus ap- 
peared very doubtful whether the substance really possessed the 
formula that had been assigned to it. Both Nietzki and Jaubert 
found that their products were nearly insoluble in the usual solvents, 
although readily dissolved by alkalis, and as the substance does not 
melt on heating, control of purity is difficult. 

Eventually the following method of purification was found to give 
satisfactory results. Five grams of hydroxyaposafranone, as obtained 
by decomposition of its crystallised sodium salt, were dissolved to 100 
grams of phenol at 150°, the solution filtered, and while still warm 
mixed with 100 c.c. of alcohol. The crystals thus obtained were 
collected and well washed with alcohol, dissolved in 50 grams of 
phenol, the solution cooled, treated with 20 c.c. of alcohol, and left 


0" 


a.ft Aatwmeaea 8s & & t& = &@ wa 


STUDIES IN THE AZINE SERIES. PART I. 581 


overnight. The crystals after collection and washing with alcohol 
were well boiled with water, collected, washed, and dried at 120°: 


02000 gave 0°5497 CO, and 0°0767 H,O. C=75:0; H=4:3. 
C,,H,,0,N, requires C=75°0 ; H= 4:2 per cent. 

That the result is not due to an accidental balancing of impurities 
was shown by a separate experiment, in which 1 gram of hydroxy- 
aposafranone (prepared from its sodium salt) was dissolved in 
10 grams of phenol, and, while hot, treated with 20 c.c. of alcohol. 
A crop (A) of crystals was obtained, which was washed and dried in 
the usual manner. The phenolic-alcoholic filtrate furnished a second 
crop (B) by treatment with alcohol and boiling water ; this.crop was 
also washed and dried at 110—115°. Both crops had the appearance 
of pure substances, crystallising in leaflets with a splendid metallic 
reflex, but whilst crop A gave C= 74°42, H = 4°35 on analysis, crop B 
gave C=7264, H=4-40 per cent. It is thus evident that the 
unknown impurity accumulates in the mother liquor. The properties 
of hydroxyaposafranone are those recorded by Nietzki and Otto, 
Jaubert, and Fischer and Hepp. 

Acetyl Derivative—Hydroxyaposafranone, prepared by Jaubert’s 
method, was boiled for two hours with four times its weight of acetic 
anhydride. On pouring the product into hot water, the acetyl 
derivative separated immediately in a beautifully crystalline condition, 
as stated by Fischer and Hepp (Ber., 1907, 30, 401): 

0:2005 gave 15-0 c.c. N, at 19° and 760 mm. N=8°6. 

C,,H,,0,N, requires N =8 5 per cent. 

The specimen melted at 271° (uncorr., fairly rapid heating) and 
decomposed vigorously. Fischer and Hepp give 265—268° for their 
product, which was obtained evidently from hydroxyaposafranone 
prepared from safranine. 

Hydroxyaposafranone was also prepared by the method given 
by Nietzki and Otto, and acetylated ; the observed melting point 
in this case was 271° (uncorr.), and no depression was observed on 
mixing the specimens. 

The slight difference in the melting point from that given by 
Fischer and Hepp is to be ascribed to difference in rate of heating. 
If the bath is warmed very rapidly, decomposition is avoided, and 
in this way results as high as 275° have been recorded. 

It remains to examine Barbier and Sisley’s. synthesis of pheno- 
safranine from 2:4’-diaminodiphenylamine and aniline. These 
authors (Joc. cit., pp. 101, 102) assume that when p-phenylenediamine 
is oxidised together with aniline, one molecule of each component 
produce together an aminodihydrophenazine, which then undergoes 
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further condensation with the other molecule of aniline in the 
following manner : 


NH(1) 
NH(2) 


>0,H, + C,H,‘NH, + 0, = 


(4) H,N-C,H, 


, po 
2H,0+ HN:C,Hy</y. C,H,-NH,) >C,H,. 


It is most unlikely that such an aminodihydrophenazine would do 
otherwise than oxidise immediately to the aminophenazine melting 
at 265°, described by O. Fischer and E. Hepp (Ber., 1889, 22, 357; 
1896, 29, 1875), and further examined by Nietzki and O. Baur 
(Ber., 1895, 28, 2976, 2979). The solution of 2 : 4’-diaminodiphenyl- 
amine used by Barbier and Sisley was prepared by the reduction of 
2-nitro-4’-aminodiphenylamine, which had in turn been obtained by 
the condensation of o-chloronitrobenzene with p-phenylenediamine. An 
admixture of the 4: 4’-derivative with the 2:4’-compound in sucha 
preparation is not merely possible, but even probable. o0-Chloronitro- 
benzene, if prepared from chlorobenzene by nitration, is most difficult 
to separate from the para-isomeride, and even supposing that a pure 
specimen obtained from o-nitroaniline were employed, the elimination 
of a molecule of ammonia from two molecules of p-phenylenediamine 
with production of 4:4’-diaminodiphenylamine is not unlikely 
at 200°. 

In order to repeat the synthesis effected by Barbier and Sisley 
with materials of undeniable purity, the solutions of the 2: 4’- and 
4; 4'-diaminodiphenylamines were prepared by reduction of the 
corresponding dinitro-compounds. The latter substances were first 
prepared by Witt by the nitration of crude nitrosodiphenylamine 
(Ber., 1878, 11, 758), and subsequently examined by Lellmann (Zer., 
1882, 15, 828), the constitution of the 2: 4’-derivative being finally 
settled by Nietzki and Baur (/oc. cit.). Since any possible isomeric 
admixture had to be rigidly guarded against, the necessary dinitro- 
compounds were prepared by the condensation of o- and p-bromonitro- 
benzene respectively with p-nitroaniline in the presence of potassium 
carbonate, cuprous iodide being used as catalyst (Irma Goldberg, 
D.R.-P. 185663). 

2 : 4'-Dinitrodiphenylamine, obtained in this way from p-nitroaniline 
and o-bromonitrobenzene (prepared from o-nitroaniline by the 
Sandmeyer reaction) by heating at 195—200° for about one hour, 
melted, after two crystallisations from glacial acetic acid, at 218° 
(uncorr.) ; Witt gives 211-5° and Lellmann 219—220°. The yield of 
the crude product was nearly theoretical : 


0°1152 gave 16°3 c.c. N, at 17° and 754mm. N=16°3. 
C,,H,O,N, requires N = 16-2 per cent, 
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4: 4'-Dinitrodiphenylamine was prepared by heating the necessary 
materials for one hour at 210—220°; after repeated recrystallisation 
from glacial acetic acid the substance melted at 213° (uncorr.); Witt 
gives 214° and Lellmann 216°: 


0'1164 gave 16°3 cc. N, at 17° and 754mm. N=16'l. 
C,,H,0,N, requires N =16°2 per cent. 


Oxidation of 4: 4'-Diaminodiphenylamine together with Aniline. 


Two grams of 4: 4’-dinitrodiphenylamine and 30 c.c. of glacial 
acetic acid were heated to about 100°, and zine dust added until all 
colour was discharged. After removal of excess of zine dust, the 
solution was diluted to about 100 c.c. with water, and in succession 
0:76 gram of aniline and 2°3 grams of potassium dichromate dissolved 
in 25 e.c. of water were added. Successive indamine and safranine 
formation were observed; the colouring matter was isolated, and 
showed the colour reactions of phenosafranine. For purposes of 
control the platinichloride was prepared and analysed : 


01340 gave 0°0266 Pt. Pt=19°8. 
(C,,H,,N,).PtCl, requires Pt = 19°8 per cent. 


Oxidation of 2: 4'-diaminodiphenylamine together with Aniline. 


Four grams of 2:4’-dinitrodiphenylamine dissolved in 80 c.c. of 
glacial acetic acid were reduced with zinc dust, the solution diluted, 
and aniline (1°5 gram) and potassium dichromate (46 grams) 
successively added. No indamine formation could be observed, and 
an experiment in which the aniline was omitted followed exactly the 
same course as when this base was present. The colouring matter 
produced was dissolved as far as possible, salted out, the hydrochloride 
decomposed by ammonia (the substance is undoubtedly a weak base and 
quite distinct from a powerfully basic safranine), and crystallised, first 
from a mixture of benzene and alcohol, then from aqueous alcohol. 
The resulting dark brown substance was free from halogen and proved 
to be aminophenazine, for it melted at 265—268° (uncorr.); it 
sublimed easily, and the nitrogen estimation is quite incompatible 
with any other substance which could be formed in the reaction : 

01017 gave 18-0 cc. Nj at 17° and 773 mm. N=21°2. 

C,,H,N, requires N = 21°5 per cent. 

It should be noted that in working up the product of the oxidation, 
each extract as well as the residue was treated with concentrated 
hydrochloric acid, but in no case could the blue reaction due to an acid 
salt of a safranine be detected. 


584 McCOMBIE AND PARRY: 


In conclusion, we wish to tender our best thanks to Mr. Zilz of the 
Badische Co., who very kindly procured for us a fine specimen of 
phenosafranine ; and to the Government Grant Committee of the 
Royal Society for a grant by which a great part of the expense of the 
investigation has been defrayed. 
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LXXV.—Condensations of Cyanohydrins. Part I. 
Condensation Products from Amsaldehydecyano- 
hydrin and Cinnamaldehydecyanohydrin. 


By Hamitton McCompiz and Ernet Parry, M.Sc. (Priestley 
Research Scholar of the University of Birmingham). 


By saturating a solution of benzaldehydecyanohydrin in absolute 

ether with hydrogen chloride, Minovici (Ber., 1899, 32, 2206) 

obtained a yellow compound of the formula C,,H,,ON, : 
2C,H,-CH(OH):-CN =C,,H,,ON, + H,0. 

He found that the substance was not hydrolysed by heating either 
with potassium hydroxide or with hydrochloric acid, and suggested 
that it might have the constitution 

C,H,-CH(CN)-C(OH)(CN)-C,H,, 
but stated that the reactions of the compound were not compatible 
with this formula. 

Japp and Knox (Trans., 1905 87, 701) showed that this compound 
was identical with a substance which Japp and Miller (Trans., 1887, 
51, 29) obtained, along with other products, by dissolving benzil 
in alcohol, adding a considerable excess of anhydrous hydrocyanic 
acid, and saturating the liquid with hydrogen chloride. 

The reactions of the compound led Japp and Knox to regard it as 
3-keto-2 : 5-diphenyl-3 : 4-dihydro-1 : 4-diazine, formed according to 
the scheme : 


ON-CHPh-OH + OH-CHPh-ON = H,0+NCGERO SNH. 


In the same paper, Minovici describes the effect of saturating 
a solution of anisaldehydecyanohydrin in absolute ether with 
hydrogen chloride. By this means he obtained a compound melting 
at 145°, and his analyses agreed with the formula C,,H,,0,N. It is 
seen that this compound differs from the corresponding benzaldehyde- 
cyanohydrin derivative in that it contains only one atom of nitrogen, 
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Further, it cannot be hydrolysed by heating either with potassium 

hydroxide or with hydrochloric acid. Minovici suggested as a 

possible constitution for this compound : 
CH,°0-C,H,*CH(CN)-CO-C,H,°0°CH,, 

but he admitted that the properties are scarcely in harmony with 

such a formula. 

This striking difference between the behaviours of benzaldehyde- 
ecyanohydrin and anisaldehydecyanohydrin when subjected to the 
action of dehydrating agents led us to investigate the matter more 
fully. 

We found that, unless the hydrogen chloride was absolutely dry, 
pmethoxymandelamide, CH,*O°C,H,-CH(OH)*CO-NH,, m. p. 161°, 
was formed. 

In the experiment, as conducted by Minovici, no particular 
precautions were taken to purify the cyanohydrin from any admixed 
aldehyde. On repeating his experiment we obtained a small amount 
of a white solid melting at 145°. In order to obtain a better yield, 
pure anisaldehydecyanohydrin was dissolved in absolute ether and the 
solution saturated with hydrogen chloride. Under these conditions, a 
mixture of two substances was obtained. About one quarter of the 
mixture consisted of a yellow, crystalline substance, which contained 
no chlorine and melted at 156°. The rest of the mixture consisted of 
a substance which melted at 223° and contained chlorine. No trace 
of the white solid melting at 145° was now found. 

At first the compound melting at 156° was considered to be merely 
a purer form of the compound which Minovici described as being 
formed in this reaction. This appeared improbable, however, seeing 
that we were now dealing with a yellow substance crystallising 
in needles, whereas Minovici describes his substance as crystallising 
in white, flat leaflets. Some of the compound melting at 145° was 
obtained by using impure anisaldehydecyanohydrin, and it was proved 
to be 2:5-di-p-methoxydiphenyloxazole. A determination of the 
melting point of a mixture of the two substances proved conclusively 
that they were not identical. Curiously enough, 2 : 5-di-p-methoxy- 
diphenyloxazole, . 

N SN ee, 0, 
C H:C(C,H,"OMe) 
was originally described by Minovici himself (Ber., 1896, 29, 2100). 

Analyses of this substance (m. p. 156°) agree with the molecular 
formula C,,H,,0,N. We intend to investigate its structure more 
fully. 

The major part of the solid precipitated when dry hydrogen 
chloride acts on anisaldehydecyanohydrin consisted of a solid melting 
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at 223°. This substance proved to be a hydrochloride, which, on 
heating, lost hydrogen chloride and yielded the free base ; this was 
found to be 3-keto-2 : 5-di-p-methoxydiphenyl-3 : 4-dihydro-1 : 4-diazine, 

C(C,H,-OMe):CO 
NSO Ob. -OMe) 
the dimethoxy-derivative of the base which Minovici obtained on 
dehydrating benzaldehydecyanohydrin. It yields a picrate, which 
erystallises from glacial acetic acid with two molecules of the 
solvent. 

On subjecting cinnamaldehydecyanohydrin to the action of dry 
hydrogen chloride, 3-keto-2 : 5-distyryl-3 : 4-dihydro-1 : 4-diazine re- 
sulted, the condensation taking place in exactly the same way as was 
the case with benzaldehydecyanohydrin. 


>NH _; in other words, the compound formed is 


EXPERIMENTAL. 
Preparation of Anisaldehydecyanohydrin. 


Originally, anisaldehydecyanohydrin was prepared according to the 
method described by Knorr (Ber., 1904, 37, 3173). As, however, it 
was particularly desirable that the cyanohydrin should be pure, and 
especially that it should be entirely free from any admixed aldehyde, 
the process was considerably modified as follows. 

Thirty grams of powdered potassium cyanide (99—100 per cent.) 
and 33 grams of hydrochloric acid (sp. gr. 1185) were added alter- 
nately in small quantities at a time to 50 grams of anisaldehyde 
placed in a freezing mixture. During the reaction the temperature 
was not allowed to rise above 10°. At the end of the addition, the 
mixture was extracted with ether, any unchanged aldehyde was 
removed by shaking the ethereal solution with a saturated solution 
of sodium hydrogen sulphite, and the dried ethereal extract was 
evaporated. The crude cyanohydrin was finally recrystallised from a 
mixture of benzene and light petroleum. The pure product melted 
at 67°. 


Action of Hydrogen Chloride on Anisaldehydecyanohydrin. 


As has been explained in the introduction, Minovici (loc. cit.), by 
the action of hydrogen chloride on anisaldehydecyanohydrin, obtained 
a compound melting at 145°, and corresponding with the formula 
C,,H,,0,N. In carrying out the condensation, however, Minovici 
took no precautions to free the cyanohydrin from any admixed 
aldehyde. We repeated the experiment exactly as Minovici had 
described it, and obtained, as he did, a compound melting at 145°. 
We suspected jthat this substance was 2 :5-di-p-methoxydiphenyl- 


— @Dd wi 


( 
I 
f 
8 
( 
( 


ch, on 
‘is wags 
lazine, 
med is 


ied on 
which 
f the 


f dry 
le Yre- 
iS Was 


CONDENSATIONS OF CYANOHYDRINS. PART I. 587 


oxazole, and confirmed our suspicions by preparing a specimen of the 
oxazole according to the method described by its discoverer (Minovici, 
Ber., 1896, 29, 2100). Mixed melting points were taken, employing 
the free base and also the hydrochloride ; the latter was prepared in 
dry acetic acid solution, and melted at 195°. These experiments 
showed that the substance (m. p. 145°) obtained by Minovici by the 
action of hydrogen chloride on anisaldehydecyanohydrin was identical 
with 2:5-di-p-methoxydiphenyloxazole. The cause of its forma- 
tion was the presence of unaltered anisaldehyde mixed with the 
cyanohydrin. 

Having satisfied ourselves on this point, we next proceeded to the 
investigation of the action of hydrogen chloride on pure anisaldehyde- 
eyanohydrin to see if it differed in any respects from the action on 
benzaldehydecyanohydrin. 

About 250 c.c. of absolute ether were saturated with dry hydrogen 
chloride, and to this ethereal solution, cooled in a freezing mixture, 
were added 10 grams of anisaldehydecyanohydrin. Great care was 
exercised to keep both the ether and the hydrogen chloride abso- 
lutely dry. In the presence of moisture, p-methoxymandelamide 
(m. p. 161°) (Tiemann, Ber., 1881, 14, 1976) was formed. The cyano- 
hydrin dissolved, the solution becoming turbid after a short time, and 
finally a white solid was deposited. The mixture was allowed to 
stand overnight, the solid was collected, washed with ether, and kept 
on a porous plate until no more hydrogen chloride was present. The 
substance so obtained was a white powder, which turned pink on 
exposure to the air, and had a melting point varying from 110° to 
132°. This powder was found to be a mixture of two substances, 
which were separated by means of methyl alcohol. The mixture was 
dissolved in the least possible quantity of this solvent, and, after 
some time, pale yellow needles separated. On recrystallisation from 
the same solvent, this substance was obtained with a melting point 
of 156°. It contained nitrogen, but no halogen. It exhibited no 
basic properties, for all attempts to prepare a hydrochloride or a 
picrate proved unsuccessful. The compound is very soluble in methyl 
alcohol, ethyl alcohol, acetic acid, or ethyl acetate : 

0°1360 gave 0°3556 CO, and 0°0618 H,O. C=71'3; H=5°0. 

01508 ,, 68c.c. N, (moist) at 12° and 750mm. N=5-26, 

C,,H,,0,N requires C=71'7 ; H=5°2 ; N=5:2 per cent. 


McCOMBIE AND PARRY : 


3- Keto-2 : 5-di-p-methoxydiphenyl-3 : 4-dihydro-1 : 4-diazine, 
N< 


C(C,H,°OMe)-CO.,,, 
O00, OMe H. 

On concentrating the mother liquors after the separation of the 
first compound, or, better still, by saturating those mother liquors 
with hydrogen chloride, a substance was obtained containing chlorine 
and nitrogen. ‘This substance, which is the hydrochloride of 3-keto. 
2: 5-di-p-methoxydiphenyl-3 : 4-dihydro-1 : 4-diazine, was crystallised 
from alcohol saturated with hydrogen chloride, and separated in pale 
yellow, flat, glistening plates melting at 223°. When heated to 150°, 
hydrogen chloride was evolved, and the substance lost its crystalline 
appearance. The free base thus obtained was fairly soluble in 
benzene or methyl alcohol, sparingly so in ethyl alcohol or acetone, 
and practically insoluble in chloroform or carbon tetrachloride, 
After being recrystallised from benzene, it melted at 217°: 

01399 gave 0°3602 CO, and 0°1399 H,O. C=70°16 ; H=5'57. 

0:1934 ,, 15°6 cc. N, (moist) at 16° and 738 mm. N=9'1. 

C,,H,,0,N, requires C=70°'l ; H=5°2 ; N=9-l per cent. 

The hydrochloride of this base was obtained directly from anis- 
aldehydecyanohydrin. After recrystallisation from methyl alcohol 
saturated with hydrogen chloride, it melted and decomposed at 223°. 
The salt was not stable in air, and lost hydrogen chloride even when 
. placed in a vacuum desiccator. This fact accounts for the chlorine 
estimations being always low and the values for nitrogen high : 

0°1677 gave 0°0683 AgCl. Cl=10°07. 

01548 ,, 11:3c.c. N, (moist) at 16° and 748mm. N =8:32. 

C,,H,,O,N,Cl requires Cl=10°3 ; N=8-13 per cent. 

The picrate, C,,H,,0,N.,C;H,(OH)(NO,),.—To a quantity of the 
base dissolved in a small quantity of hot glacial acetic acid the 
theoretical quantity of picric acid, likewise dissolved in acetic acid, 
was added. On the addition of the picric acid, a distinct colour change 
was observed. As, however, no immediate precipitation took place, 
the solution was heated on the water-bath for about half an hour. 
On cooling, large, well-defined crystals belonging to the hexagonal 
system were deposited from the liquid. These crystals were bright 
yellow in colour with a green fluorescence. The substance was re 
crystallised from glacial acetic acid, and then melted at 131°. It con- 
tained two molecules of acetic acid of crystallisation, which are 
expelled at 90° : ‘ 

0:1931 gave 18°2 c.c. N, (moist) at 14° and 738mm. N=10°76. 

0°4917 lost 0°0900. Loss=18°30. 

C.,H,,0,.N;,2C,H,O, requires N=10°65 ; 2C,H,O, = 18°26 per cent. 
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The picrate freed from acetic acid melted at 183°: 
01898 gave 21°4 c.c. N, (moist) at 13° and 752 mm. N=13'18. 
C,,H,,0,.N, requires N = 13:03 per cent. 


Action of Hydrogen Chloride onCinnamaldehydecyanohydrin. Preparation 
of 3-Keto-2 : 5-distyryl-3 : 4-dihydro-1 : 4-diazine, 
C(CH:CHPh):-CO 
RO O(CH:CHPh)> NE. 

The cinnamaldehydecyanohydrin required for these experiments 
was prepared according to the method described by Fittig (Annalen, 
1899, 299, 11). 

About 200 c.c. of absolute ether were saturated with dry hydrogen 
chloride and cooled in a freezing mixture. ‘en grams of cinnam- 
aldehydecyanohydrin were then added. The cyanohydrin dissolved in 
the ether, giving a yellowish-red solution. After about three minutes, 
the solution became turbid and crystals were deposited. After keeping 
the solution overnight, the crystals were collected and preserved on a 
porous plate until they were free from excess of hydrogen chloride. In 
carrying out this condensation, it was found that a purer »product was 
obtained by saturating the ether with hydrogen chloride before the 
addition of the cyanohydrin than by saturating an ethereal solution 
of the cyanohydrin. Further, the more dilute the solution of the 
cyanohydrin is, the better is the yield and the purer is the product 
obtained. When concentrated solutions were employed, a certain 
amount of tar was always formed. 

The condensation product was recrystallised from the smallest 
possible quantity of methylated spirit or methyl alcohol. The mother 
liquors were saturated with hydrogen chloride, when a further yield of 
the substance was obtained. The compound was then heated with 
animal charcoal in methyl-alcoholic solution, and precipitated by 
saturating the solution with hydrogen chloride. On further recrystal- 
lisation from alcohol saturated from hydrogen chloride, the substance 
was found to melt at 259°. It was evidently the hydrochloride of a 
base extremely soluble in alcohol, and similar to the one obtained from 
anisaldehydecyanohydrin. On heating for about two hours to 150°, the 
hydrogen chloride was expelled and the free base was obtained and 
was crystallised from acetone. 

3-Keto-2 : 5-distyryl-3 : 4-dihydro-1 :4-diazine is much brighter in 
colour than the corresponding base obtained from anisaldehyde- 
cyanohydrin. It is very soluble in chloroform, acetone, and ethyl or 
methyl alcohols : 

0°1208 gave 0°3520 CO, and 0°0620 H,O. C=79'5; H=5°7. 

01680 ,, 13:7 cc. N, (moist) at 14° and 748mm. N=9°44. 

C,)H,,ON, requires C= 80-0; H=5:3 ; N =9°3 per cent. 
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The hydrochloride, C,,H,,ON,,HCl, was obtained directly by the con- 
densation of cinnamaldehydecyanohydrin. After recrystallisation 
from methy] alcohol, it melted and decomposed at 259°. This hydro. 
chloride readily combines with bromine in glacial acetic acid solution ; 

0°1212 gave 0:0475 AgCl. Cl=10°58. 

C,,)H,,ON,Cl requires Cl= 10°53 per cent, 

Tetrabromide, C,,H,,ON,Br,.—The base was dissolved in chloroform 
(in which it is easily soluble), and the theoretical quantity of bromine, 
likewise dissolved in chloroform, was added. The solution became 
colourless, and the tetrabromide crystallised out on standing. It was 
recrystallised from a mixture of methyl alcohol and water, and melted 
at 183°. 


CHEMICAL DEPARTMENT, 
UNIVERSITY OF BIRMINGHAM. 


LXXVI.—The Miscibility of Solids. 


By Ernest Vanstone, B.Sc. (Wales) (“Isaac Roberts” Research 
Scholar). 


Ir is well known that the phenomenon of miscibility, as shown 
by the formation of mixed crystals, is of very frequent occurrence 
among the elements, whereas, at the present time, comparatively 
few inorganic or ‘organic compounds are known to be miscible 
in the solid state. The work of Garelli and his collaborators has 
given us the rule “that the degree of miscibility grows as the 
chemical relationship between the substances becomes closer.” 

Nernst (7heoretische Chemie, p. 182) states that this rule lies 
hidden in buried foundations, whilst Bruni (Feste Losungen und 
Isomorphismus, p. 78) says: “The cause of this greater inclination 
of the elements to give solid solutions is to be sought in the often- 
studied influence of temperature.” 

Bruni also has shown that mixed crystals can be formed im 
three ways, namely, (1) Condensation from the mixed vapours; 
(2) crystallisation from the fused mixture; and (3) crystallisation 
from solution in a common solvent. In each of these, we are 
dealing with separation from a homogeneous medium. 

The conditions for miscibility among compounds are as follows: 
(1) A close relationship in chemical constitution ; (2) similarity in 
crystalline form; (3) nearly equal molecular volumes. 

No explanation of miscibility has hitherto been suggested. The 
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theory of Barlow and Pope, however, contains the following 
statement: “For an element to be isomorphously replaceable by 
another, their spheres of influence must be much more nearly of 
the same magnitude than if they are merely to possess the same 
valency” (Trans., 1906, 89, 1725). 

This idea is capable of development, and can be applied to the 
question of miscibility, as the domains of the molecules concerned 
constitute a very important factor. 

The explanation now suggested may be stated as follows: The 
greatest degree of miscibility will be shown by two compounds 
when their assemblages of spheres of atomic influence possess 
similar marshalling and are capable of being partitioned into units 
possessing almost equal volumes, the volumes of the units being 
the molecular domains. The phenomenon of miscibility among 
the elements will first be considered. 

Barlow and Pope have shown in their discussion of the crystal- 
line forms of the elements (Trans., 1907, 91, 1158) that the 
marshalling of the spheres of influence or the forms of molecules 
of the elements in the solid state are in very many cases the same. 
We need therefore consider only the magnitudes of the spheres of 
atomic influence. A comparison of the atomic volumes, and a 
knowledge of the valency values, afford information as to the 
relative sizes of these spheres. In the periodic curve of atomic 
volumes, most of the elements mentioned are found in the neigh- 
bourhood of the minima, and the minima occur at points of 
approximately equal atomic volumes. Thus the atomic volumes 
of the elements do not in general differ very widely from one 
another. 

Generally speaking, then, the conditions for miscibility are 
satisfied in the case of the elements. 

Experimental evidence is obtained from the freezing-point curves 
of pairs of elements. In table I (page 592), pairs of elements are 
arranged in the same horizontal row. The freezing-point curve 
for each is continuous, and we conclude that the elements are 
miscible in all proportions. 

The elements in the same horizontal row in table I crystal- 
lise in the same system, and, as is shown, have nearly equal 
atomic volumes. A third important factor is the correspondence 
in valency values. The condition for miscibility among the 
elements may be stated as follows: 

“Two elements will show the greatest degree of miscibility when 
they possess spheres of atomic influence of nearly the same volume, 
provided they crystallise in the same system.” 

The elements in the same horizontal row of table II form two 
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TasieE I. 


Element. Atomic volume. Valency. Element. Atomic volume. Valency, 
26°5 26°7 
26°7 25°5 
15°4a 16°4 to 18°5 
16°28 
16°4 to 18°5 


tb 
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2 or 4 
2 or4 
1 or 3 
2 or 4 
2 or 4 
2 or 4 
2 
1 or 2 
2 or4 
3 

2 or 3 
2 or 4 
2 or 4 
2 or 4 
2 or 4 
2 or4 
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2 or 4 
2 or 4 
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series of mixed crystals. The freezing-point curve is characterised 
by a single eutectic point, and on either side of it, solid solutions 
exist. The degree of miscibility is now lower than that of the 
elements in table I. 


Tasie II. 


Element. Atomic volume. Valency. Element. Atomic volume. Valency. 
14‘7 white 15°40 
16°8 red 16°28 2 
2 
2 or 3 
2 or 4 
2 
1 
1 or 3 
2 
2 or 4 
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A study of this table again shows that correspondence in atomic 
volumes and also in valency values are the determining factors. 
The differences between the atomic volumes are now greater than 
they were in table I. It must be pointed out that the crystal 
forms of compounds have, up to the present time, not been 
sufficiently investigated for the proper valency values to be 
assigned to the elements, hence the use of more than one number 
in the tables. The elements in table III do not form mixed 
crystals, the freezing-point curve has a single eutectic point. 
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Taste III. 


Element. Atomic volume. 
i 213 
10°2 : 2 or 4 
10°2 < lor3 
10°2 i A 2 
3 
lor 3 
1 


Atomic volume. Valency. 
3 


Element. Valency. 
C 1 = 


The differences in atomic volumes now are very much greater 
with the single exception of lead and antimony. In this case the 
two elements have not the same arrangement of the atoms in their 
respective molecules, as lead crystallises in the cubic system and 
antimony in the hexagonal. 

The Miscibility of Compownds.—The notion of marshalling now 
becomes more prominent, as we are dealing with different atoms, 
or spheres of different magnitudes, and the form of the molecule 
depends on the mode in which these are marshalled. Similarity 
in marshalling is indicated by a close relation between the struc- 
tural formule of the compounds, and by correspondence in 
crystalline form. The following table contains in the same 
horizontal row pairs of compounds which are miscible in all 
proportions : 

TaBLE IV. 


Difference 


Compound. 


Compound. 


in valency 
volume. 


Anthracene, C,,Hyo . 
Camphor, C,H {| 
ew bo 


Naphthalene, C,)H, 
p-Dichlorobenzene, Cg,H,Cl, 
Cinnamic acid, 
CHPh:CH’CO,H 
CH°CO 
Maleic anhydride, | » 
CH:CO 


Stearic acid, C,,H,,°CO,H . 
Dibenzyl, CH,Ph°CH,*Ph 
Fluorene, CH,Ph, 
Azobenzene, NPh:NPh 


...| Suecinic anhydride, | 


Phenanthrene, C,,H;, 
CH 


Borneol, OH | 
\CH*OH 
p-Dibromobenzene, C,H,Bry ........ 
B-Pheny] propionic acid, 
CH,Ph*CH,*CO,H 
CH, wa : 


CH,"CO” 


...| Elaidic acid, C,,H,,°CO.H 


Stilbene, CHPh:CHPh ............... 
Stilbene, CHPh:CHPh 
Stilbene, CHPh:CHPh 
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TABLE V. 


: ; Difference 
Inorganic compounds. | Inorganic compounds. in valency 
volume. 


| 
Mercurie bromide | Mercuric iodide 
Antimony tribromide Arsenic tribromide 
Potassium sulphate | Potassium chromate 


Pen | 
Calcium disilicate, Ca SiO...| Manganese disilicate, Mn 
\o% | 


Magnesium sulphate | Ferrous sulphate 
Potassium alum | Chrome alum 


In all cases we observe close relationship in constitution, and 
almost identical valency volumes. It is obvious that a close 
agreement must also exist between the molecular volumes, as 
volume is mainly an additive property, and the compositions of 
the molecules are almost identical. 

It will be seen from table IV that two compounds, the valency 
volumes of which differ by two units, may yet be miscible in all 
proportions. This means that the addition of two unit or hydrogen 
spheres to the group of spheres representing the molecule of 
cinnamic acid, say, does not alter to any great extent the volume 
occupied by that group. This explanation is also suggested in 
the Barlow and Pope theory, as the following quotation shows: 

“The geometrical peculiarities, which are the analogues of an 
ethylenic and an acetylenic bond, suggest that the spheres between 
which the double or triple bond is operative are not closely 
surrounded by other spheres, and that when a carbon sphere is in 
a state of saturated combination, the shell of spheres enveloping 
it will be found to have a maximum density of packing” (Trans, 
1906, 89, 1744). 

The work of Kopp and Thorpe on molecular volumes has shown 
that the grouping :C-C: occupies a greater volume than :0:Ci, 
and this supports the above explanation. It has been pointed out 
by Barlow and Pope that a change in the molecular volume of 8 
compound caused by the substitution of one atom by another, a8 
hydrogen by chlorine, means an expansion or contraction of the 
molecule uniformly in all directions. The removal, then, of two 
hydrogen spheres from the saturated molecule is accompanied by 
an expansion of the remaining spheres, whereby the change in 
volume is to some extent compensated. Precisely the same 
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explanation applies to the oxidation of the -CH°OH group to 
‘CO, and, conversely, the addition of two hydrogen spheres or the 
process of reduction is accompanied by a shrinking of the other 
spheres already present: this is the interpretation of Kopp’s 
statement that the atomic volume of oxygen in carbon monoxide 
is greater than oxygen in the hydroxyl group. The perfect misci- 
bility of camphor and borneol is thus explained, the volume 
occupied by the spheres of atomic influence constituting the space 
unit of the camphor molecule is very nearly equal to that occupied 
by the spheres constituting the space unit of the molecule of 
borneol. Again, the work of Kopp and Thorpe has shown that 
different changes in the molecular volume take place when the 
substituting atom or group enters different positions in the benzene 
nucleus; the ortho-substituted compounds have the least molecular 
volumes, and the para-compounds the greatest. The same 
phenomenon occurs in connexion with substitution in the naph- 
thalene ring, and the perfect miscibility of B-naphthol and 
naphthalene may be accounted for by saying that the addition of 
an oxygen sphere does not produce any great change in volume 
if it enters the B-position in the naphthalene ring, a greater 
change occurring if the oxygen atom enters the a-position. The 
assumption of a double linking between the two carbon atoms in 
the B-positions provides another possible explanation. 

The term “isomorphism” has been omitted in the preceding 
discussion, because various interpretations of the word are current. 


EXPERIMENTAL. 


Of solid substances possessing a vapour pressure susceptible 
of accurate measurement, camphor stands out prominently; hence 
is was suggested to me by Dr. E. P. Perman that I should search 
for a substance capable of forming solid solutions with camphor, 
and from determinations of the vapour pressures of the pure 
substance and of its dilute solid solutions obtain values for the 
molecular weight of camphor in the solid state by the application 
of Raoult’s Law. This work led me to consider the relation 
between crystalline form and chemical constitution, and hence to 
a study of the theory of Barlow and Pope, resulting in the 
development of the preceding views of miscibility. 

Camphor crystallises in hexagonal prisms, capped by pyramids, 
and, of the closely related derivatives, borneol or hydroxycamphor 
crystallises in hexagonal plates. 

A comparison of the structural formule shows that the relation- 
ship between these two compounds is an extremely close one. The 
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molecular volumes have been determined by Kuhara (Amer, 
Chem. J., 1889, 11, 244), with the following results: 


Camphor Molecular volume 
Borneol » 


We thus have three indications that borneol will probably form 
mixed crystals with camphor. 

Preparation of Mixed Crystals from Solution—Mixed crystals 
were obtained by the spontaneous evaporation of solutions of 
these substances in alcohol, toluene, and light petroleum. 

The crystals from alcoholic solution were small, and appeared 
homogeneous when examined microscopically, although no definite 
shape could be distinguished; those from light petroleum were 
large, thin plates similar to thin plates of ice, and those from 
toluene were small, fern-like crystals. 

Approximately equal quantities of the substances were dissolved 
in each case, and the melting points of the mixed crystals, deter- 
mined by means of capillary tubes, were always intermediate 
between the melting points of camphor and borneol. 

Mixed Crystals prepared by Fusion and Subsequent Solidifica- 
tion.—Mixtures in varying proportions were fused in sealed tubes, 
the tubes allowed to cool, the solid mass removed, and its melting 
point taken in the usual manner. 

In each case the melting point of camphor was raised, the 
elevation being approximately proportional to the quantity of 
borneol present. 

Investigation of the Freezing-point Curve.—The preliminary 
experiments described clearly indicate that borneol and camphor 
form solid solutions, and an accurate investigation of the freezing 
points of a series of mixtures was next attempted. 

This was found to be a task of considerable difficulty, for the 
following reasons: 

(1) The comparatively high temperature of the melting points, 
namely, 178—208°. 

(2) The great volatility of the compounds at those temperatures. 

(3) The substances char if kept for any lergth of time in the 
fused state; hence all determinations must be made as rapidly 
as possible. 

The melting points of the pure substances were determined as 
follows: A glass tube, rather longer than a test-tube and of 
somewhat thicker glass, contained about five grams of the sub- 
stance. The tube was provided with a stirrer made of stout copper 
wire. An Anschiitz normal thermometer, filled with nitrogen and 
having a range of 140° to 215°, was used. This thermometer was 
graduated in fifths of a degree. It was standardised by suspending 
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it in the vapours of suitable liquids, boiling at atmospheric 
pressure, and was found to be correct to within 0°1°. The 
thermometer being only six inches long, passed almost entirely 
within the tube, being kept in position by means of an ordinary 
cork, bored so as to take thermometer and stirrer. 

By immersing the tube almost to its mouth in the bath, con- 
densation of the camphor took place only at the mouth, and did 
not obscure the mercury thread. 

The outer bath consisted of a large boiling tube nearly filled 
with olive oil, and was also provided with a copper stirrer. The 
bath was heated directly by means of an ordinary Bunsen burner. 
It was found convenient to illuminate the bath of oil by means 
of an incandescent burner placed behind it. 

The same apparatus was adopted in the determination of the 
freezing points of mixtures. To prevent volatilisation as far as 
possible, a tightly fitting cork was used and pushed well into the 
tube; in this way the only means of escape for the vapour was 
through the small hole. through which the stirrer passed, and 
through the pores in the cork. In all cases a small quantity 
escaped, but its effect was considered to be negligible, as about 
five grams of substance were used. In order to increase the 
rapidity of the experiment and minimise the effect caused by 
charring, the substances were weighed out in glass tubes, on the 
ends of which bulbs had been blown, the other ends were then 
sealed; the substances were fused by heating the bulb with an 
ordinary burner and mixed thoroughly by shaking the tube. It 
was not found possible to determine the melting points of the 
mixtures, as the substances pass through a translucent state, and 
hence the temperature at which melting begins could not be 
accurately observed. 

The freezing points could, however, be observed with precision, 
as the temperature remained constant for a short time, when the 
greater part of the substance solidified; superfusion was not 
observed in any of the determinations. 


The Freezing Points of Mixtures of Camphor and Borneol. 


Weight of Weight of Percentage of Freezing 
camphor. borneol. borneol. point. 
Pure camphor+ 178°5° 
; 178°6 
178°8 
4°5938 g 181°7 
182°0 
182°0 
3°9396 ; 185°4 
185°6 
184°8 
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The Freezing Points of Mixtures of Camphor and Borneol 
(continued). 


Weight of Weight of Percentage of Freezing 
camphor. borneol. borneol. point, 
3°5782 1°5783 *é 189°4 
189°0 
188°8 
189°0 
189°0 
"9982 l-borneol 39° 191°0 
191°0 
191°0 
191°4 
194°8 
195°0 
195°0 
194°8 
195°0 
199°6 
199°6 
199°4 
199°6 
200°3 
200°3 
200°4 
203 °4 
203°5 
203°4 
203°4 
206°4 
206°2 
205°8 
205°8 
20188 borneol ‘ 192°6 
192°4 
192°2 
192°3 
270082 3°0288 ‘ 198°4 
198°6 
Pure d-borneol (Kah]baum’s) 208°6 
l-Borneo] (Schimmel’s) 206°8 
206°8 


The melting points of camphor and borneol obtained from 
various sources have been determined by Haller (Ann. Chim. Phys. 
1892, [vi], 27, 392). The following are his results: 


Camphor. Borneol. 
Melting point. Melting point. 

178°4° 208°4° 

178°2 208°8 

178°6 208°0 

178°5 208°6 

209°0 

Mean ... 178°4 

Mean ... 208°5 


The various freezing points have been plotted on a temperature 
concentration diagram, Fig. 1. The curve obtained is of the same 
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form as that obtained by Miers and Isaac (Trans., 1908, 93, 927) 
for mixtures of naphthalene and A-naphthol, and is conclusive proof 
that camphor and borneol form a continuous series of solid 
solutions. 

The freezing points of the pure substances and of their mixtures 
were also determined by means of capillary tubes attached to the 
thermometer and immersed in a boiling tube containing olive 
oil. To prevent volatilisation, the walls of the capillary tube 
were caused to fall together by heating in a small flame at a point 
below the open end; the sealed portion of the tube was then 
completely immersed in the oil. 

In this way the temperature of spontaneous crystallisation is 
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determined, and the curve shown in Fig. 1 corresponds with that 
obtained by Miers and Isaac for naphthalene and f§-naphthol. 

It seems, therefore, that the freezing points usually obtained 
are the temperatures of supersolubility. 

Specific Rotations of Camphor and Borneol.—In order to test the 
purity of the camphor and borneol used, observations of their 
rotatory power were made. 

The following results were obtained, using a 2-dem. tube; 
column 2 contains those calculated from Landolt’s formula: 

[a}2” = 54°38 - 0°1614q + 0°000369 9? 
where g= percentage of solvent in solution. 

[aR la 

+ 43°98 +43°68 


+ 43°77 + 43°35 
+ 43°40 +42°74 
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The following values for the specific rotation of borneol were 
obtained. 
Haller’s 


Borneol. fa}. results (oc. cit.). 
13°23 + 27°63 + 37°33 
13°37 27°07 — 37°77 
14°54 27°57 — 37°77 
15°06 26°87 — 38°20 
15°39 27°12 _— 
18°38 28°00 —- 
21°79 28°14 — 
17°80 29°01 in toluene solution. 


Dr. H. O. Jones, of Cambridge, was kind enough to supply me 
with some /-borneol prepared by Schimmel; its melting point was 
constant at 206°8°, whereas Kahlbaum’s borneol melted at 208°6°. 
Determinations of the specific rotation of the /-borneol gave the 
values —35°65 and —35°75 in alcohol solution at about 12°. A 
mixture of camphor and /-borneol containing 39°7 per cent. of the 
latter solidified at 191°. These results show that Kahlbaum’s 
borneol is partly racemised, and Schimmel’s /-borneol contains some 
impurity. 

The case of camphor and borneol is, I think, the first found in 
which a ketone is capable of forming solid solutions with its 
corresponding secondary alcohol. In order to determine whether 
such miscibility was the general behaviour of these two classes of 
compounds, other pairs of ketones and alcohols have been investi- 
gated. 

The case of benzoin and benzil was thought to be a suitable one. 
These substances crystallise in the same system and are related in 
the same manner as camphor and borneol. The freezing points 
were determined by the method already described, but the diff- 
culties encountered with camphor and borneol were now absent. 

The following results were obtained : 


Weight of Weight of Percentage of Freezing 
benzil. benzoin. benzoin. point. 
Pure benzil 0°0 94°4° 
94°4 
94°2 
94°3 
89°7 
89°7 
85°3 
85°4 
85°5 
84°1 
84°2 
84°2 
84°6 
84°3 
84°5 


VANSTONE: THE MISCIBILITY OF SOLIDS. 


Weight of Weight of Percentage of Freezing 
benzil. benzoin. benzoin, point, 


3°8646 17172 30°5 89°6 
4°2674 2°5320 37°0 96°5 
3°3988 2°2526 39°6 99°0 
99°4 

99°1 

3°401 3°3012 49°0 106°2 
2°1180 2°2066 50°7 107°5 
107°0 

2°0781 3°0164 59°0 113°4 
113°0 

2°1494 2°2134 60°5 113°6 
4°3916 2°4272 64°7 116°2 
1°2078 3°9069 76°2 122°8 
122°2 

121°8 

1-0092 . ‘ 124°6 
0°6108 ; , 128°4 
0°3086 5 : 128°7 
128°6 

128°4 

Kahlbaum’s pure benzoin y 132°8 
132°5 

133°2 

Pure benzoin, seven times ‘recrystallised... 133°2 


In these experiments it was observed that the temperature fell 
several degrees below the freezing point given above, but rose 
rapidly to that value as a mass of crystals separated; the mixture, 
however, did not solidify completely, but remained partly liquid 
until the temperature had fallen below that indicated by the point 
of intersection of the curves in the diagram; the mercury then 
rose again, remaining constant at the temperature of the horizontal 
portion, namely, 84°2°, while complete solidification occurred. 

All mixtures containing from 17 to 65 per cent. of benzoin 
behaved in this manner. 

Mixtures with quantities of benzoin beyond these limits solidified 
completely within a much smaller range of temperature. 

A mixture of benzoin and benzil in the proportions indicated 
by the point of intersection of the curves was found to solidify at 
842°, The temperature remained quite constant, while the whole 
mass solidified. 

A mixture containing 17°8 per cent. of benzoin partly solidified 
at 84°1°, this being the maximum temperature observed while the 
partial solidification occurred; the temperature then fell slowly 
until the remainder solidified, when it rose to 84°0°. 

Thus the temperature corresponding with the point of inter- 
section of the curves was not reached, a horizontal portion of the 
curve being obtained in the neighbourhood of that point. 

Determinations of the melting points of the mixtures in capillary 
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tubes showed that mixtures which exhibit the second freezing 
point, 84°, begin to melt at that temperature. 

The equilibrium diagram for benzil and benzoin is thus nearly 
complete. It is probable that the curve of liquid solubility inter. 
sects both branches of the liquidus, and that this is the cause of 
the horizontal portion. 

Separation into two liquid layers could not be observed, as the 
liquid was constantly stirred during the experiment. 

The diagram (Fig. 2) is similar to that for metals which are 
partly soluble in each other, both when just liquid and when just 
solid. It shows clearly that two series of solid solutions are formed, 
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On the left, we have solid solutions richer in benzil, and, on the 
right, solid solutions richer in benzoin. These are denoted by 
a and 8B in the diagram. 

Eutectic points occur at 84° and at concentrations of 17°8 and 
27°2 per cent. of benzoin respectively. As benzil possesses 4 
symmetrical molecule, whereas benzoin is unsymmetrical, a pair of 
substances more closely analogous to camphor and borneol was 
investigated, namely, menthol and menthone. Menthone is 4 
liquid at the ordinary temperature, and I was unable to find that 
any determination of its freezing point had yet been made. It 
was, however, frozen by immersion in a bath of solid carbon dioxide 
and ether. A temperature of —50° had to be obtained before 
solidification occurred. 
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The substance remained solid until —6°6° was reached; fusion 
then took place, the temperature remaining constant. It was 
again frozen before all the crystals had melted, and the tempera- 
ture was again constant at —6°6°. 

Mixtures were then made and caused to freeze in the bath of 
solid carbon dioxide and ether. 

The temperatures were taken by means of a pentane thermometer 
graduated in degrees, and having a range of —100° to 50°. The 
results are believed to be correct to within 0°5°. 


Weight of Weight of Percentage of Freezing 
menthone. menthol. menthol. i 
Pure -— 0:0 
63393 0°7334 10°2 
9°4383 3°2756 25°5 
9°4383 6°2756 39°6 
9°4383 9°2756 49°2 
9°4383 12°2756 56°2 
9°4383 16°2756 63°0 
— Pure _— 


Fie. 3. 
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The freezing points have been plotted on a temperature- 
concentration diagram (Fig. 3). A sufficient number of mixtures 
in the neighbourhood of the minimum point has not been inves- 
tigated to enable one to decide whether the curve is a continuous 
one with a minimum point or whether it consists of two intersecting 
curves, 


Summary. 


(1) The theory of Barlow and Pope suggests that a close 
similarity in marshalling of the spheres of atomic influence, and 
equivalence in molecular and valency volumes, explains the 
miscibility of compounds, both organic and inorganic. 

(2) The same explanation applies to the miscibility of the 
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elements; the great tendency of these to form mixed crystals jg 
due to the fact that the majority of them crystallise in the 
hexagonal and cubic systems, and have atomic volumes not very 
different from one another. 

(3) The freezing-point curves for camphor and borneol, benzil 
and benzoin, menthone and menthol, have been investigated. The 
first pair of substances form a continuous series of mixed crystals, 
the addition of borneol raising the freezing point of camphor, 
The curve for benzil and benzoin has two eutectic points, with a 
horizontal portion between; two series of mixed crystals are also 
formed. 

In conclusion, it may be stated that determinations of the 
vapour pressures of camphor by two methods have been made, 
and similar work on the vapour pressures of borneol and of mixed 
crystals of camphor and borneol is in progress. 


The expenses in connexion with the work have been defrayed 
by a grant from the Education Committee of the Glamorgan 
County Council, for which I wish to express my thanks. 

I am also very grateful to the staff of the Chemical Department 
of University College, Cardiff, and especially to Dr. E. P. Perman 
for his constant guidance, kindly advice, and encouragement. 


UNIVERSITY COLLEGE, 
CARDIFF. 


LXXVII.—Some Esters of Antimony Triomde. 


By Joun Francis MacKey. 


In a previous paper, Lang, MacKey, and Gortner (Trans., 1908, 
93, 1364) described a method for the esterification of arsenious 
oxide with the fatty alcohols and with phenol and its homologues 
by removing the water produced by the reaction: 

6ROH + As,0, = 2R,AsO, + 3H,O0 
as quickly as it was formed by means of anhydrous copper 
sulphate placed in a Soxhlet tube attached to a flask containing 
weighed quantities of the reacting substances. By this means 4 
large number of esters, which other methods had failed to produce, 
were prepared in quantity, and found to correspond with the 
general formula R,AsO;. In the present work, attempts were 
made to form the corresponding esters of antimony by five different 
methods, namely: (1) heating a mixture of the alcohol and 
antimony trioxide in a flask to which a reflux condenser was 
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attached; (2) heating a mixture of the alcohol and antimony 
trioxide in a sealed tube at 150°; (3) shaking a mixture of the 
alcohol and antimony trioxide with anhydrous copper sulphate in 
the cold; (4) heating a mixture of the alcohol and antimony 
trioxide in a flask with a Soxhlet tube, filled with anhydrous 
copper sulphate, attached; (5) heating a mixture of the alcohol, 
antimony trioxide, and calcium turnings in a flask with reflux 
condenser. A comparison of the yields obtained is given in the 
sequel. By means of these methods, and more particularly the 
last two, esters were formed with methyl, ethyl, propyl, zsobutyl, 
amyl, and isoamyl alcohols; also with phenol, 0, m-, and p-cresols. 
The esters were found to correspond with the general formula 
R,SbC;. In all cases the yields obtained with antimony trioxide 
were very much lower than the corresponding arsenites previously 
described. 
EXPERIMENTAL. 


(i) Heating with reflux condenser only.—Weighed quantities of 
methyl, ethyl, propyl, isobutyl, amyl, and isoamyl alcohols were 
mixed with an excess of antimony trioxide, and heated for different 
periods of time in a flask to which a reflux condenser was attached. 
After five hours’ heating not a trace of ester could be detected 
in any of the reacting mixtures; but, after fifteen hours’ heating, 
evidence was obtained that, in the case of isobutyl and czsoamyl 
alcohols, esters were formed, but not in quantities sufficient to 
permit of their being isolated. That an ester was formed was 
shown by pouring the clear liquid into water-free benzene,* in 
which antimony trioxide is very sparingly soluble, and filtering. 
By this means any antimony trioxide merely dissolved in the 
alcohol was separated, and, if antimony were found in the above 
filtrate, it must have been present in the form of an ester. The 
filtrate gave a distinct precipitate of antimony sulphide when 
acidified, treated with hydrogen sulphide, and warmed; thus, 
whilst there is no doubt that both isobutyl and isoamyl antimonites 
are formed under these conditions, the yields are so small that it 
is impossible to isolate them by fractional distillation. 

(i) Heating in sealed tubes.—Quantities of the various alcohols 
were mixed with antimony trioxide and heated for six hours in 
sealed tubes at 150°, but in no case could the presence of any 
ester be detected. 

(iii) Using a dehydrating agent in the cold.—Weighed quan- 


* Great difficulty was found in obtaining benzene absolutely free from water. 
The samples of benzene at hand were found to contain enough water to decompose 
partly the esters formed. It was necessary to heat the benzene with calcium 
turnings for about forty-eight hours. 

VOL, XCV, RR 
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tities of the various alcohols were mixed with antimony trioxide 
and a considerable amount of anhydrous copper sulphate. The 
mixture was then placed in a shaking machine for three days at 
room temperature. In the case of isobutyl and isoamy] alcohols, 
esters were formed, but not in quantities sufficient to enable them 
to be isolated. 

(iv) Heating with Soxhlet attachment and anhydrous copper 
sulphate.—Thirty grams of antimony trioxide were added to 160 
gtams of tsoamy! alcohol in a 250 c.c. flask. An ordinary Soxhlet 
tube was connected with the flask, and a condenser, fitted with 
a calcium chloride tube, attached to the Soxhlet, which contained 
a large filter paper filled with anhydrous copper sulphate; the 
mixture in the flask was heated to boiling, and the water formed 
by the reaction was absorbed by the copper sulphate, which turned 
blue as soon as the first drops of condensed liquid fell on it. 
Heating was continued for about fifteen hours; after cooling, ‘the 
clear product was poured off from the antimony trioxide and 
fractionated under diminished pressure. About 10°8 grams of 
the ester were formed, representing a yield of 13°62 per cent. 

By this method esters were formed with methyl, ethyl, propyl, 
isobutyl, amyl, and isoamyl alcohols, as shown in the following 
table : 

Table of yields by various methods. 


Anhydrous copper sulphate. 
Refiux In sealed — aie ~ 
condenser. tubes. In the cold. In Soxhlet. 


8°09 per cent. 
3°00* 


+B 


* It will be noticed that the same extremely low yield of ester with ethyl alcohol 
occurred in the preparation of the esters of arsenious acid, described in a former 
paper, where a possible explanation was advanced. 


These esters were purified and analysed, the following methods 
of analysis being employed. 

Method of analysis for esters of the aliphatic alcohols (using 
isoamyl antimonite as an example).—Two methods were employed 
for the determination of the antimony. In the first method, 
iodine was used to oxidise the trioxide to the pentoxide, but was 
not found to give accurate results, so that the following procedure 
was adopted. 

1:0057 Grams of the ester were decomposed by 5 c.c. of com 
centrated hydrochloric acid, 50 c.c. of tartaric acid solution were 
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added, and the antimony was precipitated from this solution by 
means of hydrogen sulphide; the antimony sulphide thus formed 
was converted into antimony tetroxide by treatment with fuming 
nitric acid and ignited: 

10057 gave 0°4024 Sb,O,. Sb=31°57. 

C,;Hsg0,8b requires Sb=31°48 per cent. 

This method of analysis gave the following results: 

Percentage of Sb 


Percentage of calculated from the 
Sb found. formula R,SbO,. 


56°68 56°41 
— 47°41 
40°29 40°40 
35°37 85°40 
31°44 31°48 
31°34 31°48 
Expressing these as salts of antimonous acid, we arrive at the 


general formula R,SbO, for them. 


Properties of the Esters of the Aliphatic Alcohols with Antimony 
Trioxide. 

Methyl antimonite is a colourless liquid, b. p. 65°, sp. gr. 
1025. 

Ethyl antimonite is a colourless liquid, b. p. 115—120°. 

Propyl antimonite is a yellow liquid, sp. gr. 1°042, b. p. 
143°/30 mm.; at atmospheric pressure it decomposes into propyl 
alcohol and antimony trioxide at 200°. 

isoButyl antimonite is a yellow, mobile liquid, sp. gr. 1°058, 
b. p. 1449/30 mm.; it decomposes into isobutyl alcohol and 
antimony trioxide at 250° under atmospheric pressure. 

Amyl antimonite is a yellow liquid, sp. gr. 1°079, b. p. 
170°/30 mm. 

isoAmyl antimonite is a yellow, mobile liquid, sp. gr. 1°081, 
b. p. 163°/30 mm.; at 250°, under atmospheric pressure, it 
decomposes into antimony trioxide and isoamy! alcohol. 

All these esters are readily soluble in absolute alcohol, ether, 
chloroform, or benzene, but decompose immediately on addition of 
water into antimony trioxide and the alcohol from which they were 
prepared. 

The fifth method was not employed for the aliphatic alcohols. 


Esters obtained with Phenol and its Homologues. 


For the esterification of these substances with antimony trioxide, 
two method were used, namely, heating the mixture of phenol 
and antimony trioxide in a flask to which a Soxhlet apparatus 

Rk 2 
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containing anhydrous copper sulphate was attached, and heating 
the mixture of phenol and antimony trioxide with calcium 
turnings in a flask under a reflux condenser. By these means 
esters were obtained with phenol, o-, m-, and p-cresols. In the 
case of phenol and m-cresol, unsuccessful attempts to obtain the 
esters were made by heating these materials with antimony 
trioxide with a reflux condenser only. 

Phenyl antimonite——One hundred and twenty-five grams of 
phenol and 25 grams of antimony trioxide were heated in a flask 
fitted with a Soxhlet apparatus containing anhydrous copper 
sulphate. Clouds of steam began to format 100°, indicating that 
the reaction began at that temperature ; the thermometer rose very 
quickly to the boiling point of phenol, and remained very Close 
to that temperature (varying from 170° to 180°) for about seven 
hours, when the temperature gradually rose, and, after fifteen 
hours’ heating, reached a maximum of 290°. This maximum is 
the highest temperature to which the ester can be heated without 
decomposition. The mixture of phenol, ester, and antimony 
trioxide was then shaken with water-free benzene, causing the 
precipitation of the antimony trioxide dissolved in the ester and 
in the phenol, and, after filtering, fractionated under diminished 
pressure. The benzene distilled at 30°, phenol at 70°, and the 
ester at 250°.* The ester was purified by dissolving in benzene, 
filtering from any antimony trioxide, and separating by passing a 
current of hot, dry air over the benzene solution placed in a 
vacuum desiccator. The crystals thus obtained had no very 
definite melting point owing to the presence of some phenol. To 
remove the latter, the crystals were heated to 200° for twenty 
minutes, dissolved in benzene, filtered, and crystallised as before. 
The crystals thus obtained were light brown in colour, and melted 
at 13°. At 18°, phenyl antimonite has a specific gravity of 1°621, 
and boils at 250°/30 mm. It dissolves readily in absolute alcohol, 
ether, chloroform, or benzene, and decomposes on addition of water 
into phenol and antimony trioxide. On analysis, it was found to 
correspond with the formula (C,H;),SbO, or (CgH;O),Sb. This 
ester was also prepared by heating a mixture of phenol, antimony 
trioxide, and calcium turnings in a flask fitted with a reflux 
condenser. By this method, a yield of 62 per cent. was obtained 
after two hours’ heating. By the former method the yield is n0 
more than 40 per cent. after fifteen hours’ heating. 

o-, m-, and p-7'olyl Antimonites.—One hundred and fifty grams 
of each of the cresols were heated with about 30 grams of antimony 
trioxide, using the methods described above. The excess of 
= * Even at 250° the ester suffers partial decomposition, 
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antimony trioxide was separated by means of benzene, filtered, and 
the esters fractionated. After purification they were analysed, and 
found to correspond with the formula (C,;H,*CH;),SbO, or 
(CyHy"CH;°O);Sb. 0-Tolyl antimonite crystallises in dark brown 
masses, and melts at 16°; its specific gravity is 1°480, and it boils 
at 352°. m-Zolyl antimonite is a yellow liquid, with a specific 
gravity of 1°475, and boils at 300°/30 mm. p-TZolyl antimonite 
js a dark brown, crystalline solid, melts at 14°, has a specific 
gravity of 1°495, and boils at 345°/30 mm. 

Whilst in the case of the aliphatic alcohols a drying agent in 
the Soxhlet apparatus was essential to absorb the water formed 
and allow the alcohols only to drop back into the mixture, no 
drying agent was necessary with the phenols, as practically no 
phenol or ester ever found its way further than the side-tube of 
the Soxhlet. 

The water formed remained in the Soxhlet, there being never 
suficient volume of water produced to cause the syphon attach- 
ment to come into play.: The use of metallic calcium, it will be 
noticed, gave a better yield of ester than the Soxhlet method. 

Method of Analysis of Phenyl and Tolyl Esters——To 1°5960 
grams of phenyl antimonite, 5 c.c. of potassium hydroxide (con- 
taining 7 grams per 10 c.c.) were added, and then an excess of 
tartaric acid. The excess of tartaric acid was neutralised by 
sodium carbonate, and 25 c.c. of sodium hydrogen carbonate added. 
The whole was diluted to 500 c.c., and two samples of 20 c.c. 
each were taken for analysis. To each, 20 c.c. standard iodine 
was added in excess (shown by the formation of a precipitate of 
tri-iodophenol and the appearance of a clear yellow solution), the 
temperature being kept at 65°. The mixture was then cooled, 
acidified with dilute sulphtiric acid, and diluted with water to 
500 c.c. The tri-iodophenol was filtered off, and the excess of 
iodine in 100 c.c. of the filtrate was titrated against standard 
thiosulphate, using starch as indicator. The quantity of thio- 
sulphate necessary, multiplied by five, represents the quantity of 
iodine that was in excess.- This quantity, subtracted from the 
original amount of the iodine added, gave the amount necessary 
to change both the phenol to tri-iodophenol and the antimony 
trioxide to antimony pentoxide. 

Owing to the presence of tartaric acid in the above, it was 
impossible to estimate at all accurately the antimony trioxide by 
means of dichromate. The method previously described under 
isoamyl antimonite, namely, weighing the antimony as antimony 
tetroxide, was used. The pereentage of antimony, as determined 
in this way, was found to be 30°10. The strength of the iodine 
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being known, the number of c.c. of iodine equivalent to 30°10 per 
cent. of antimony was subtracted from the iodine obtained in the 
previous determination, the difference being the amount combined 
with phenol. 

To test the accuracy of this method, estimations were made 
with weighed quantities of (a) phenol, (0) antimony trioxide, (c) 
a mixture of these. 

(a) To 0°8826 gram of phenol, 5 c.c. of a solution of potassium 
hydroxide (7 grams per 10 c.c.) were added, and the whole diluted 
with water to 250 cc. ... -- (1) 

10 c.c. of this solution were equivalent to 28° 90 6.6. . of iodine. 

(6) To 0°5000 gram of antimony trioxide were added 25 c.c. of 
a saturated solution of tartaric acid; sufficient sodium carbonate 
to neutralise the excess of the tartaric acid and 50 c.c. of sodium 
hydrogen carbonate were then added, and the whole diluted with 
water to 500 c.c. ... wee (2) 

100 c.c. of this solution were , equal ‘to 13° 70 c.c. . of iodine. 

(c) To 10 c.c. of (1) were added 100 c.c. of (2), and together 
required 42°45 c.c. of iodine. 

Thus 100 c.c. of (2) required 13°70 c.c. of iodine, and 100 ce. 
of (1) required 28°90°c.c. of iodine; in all, 42°60 c.c., as compared 
with 42°45 c.c. when mixed, a difference of less than one-third of 


1 per cent., which is well within the limits of experimental error. 


Properties of the Esters of Phenol and its Homologues. 


Phenyl. o-Tolyl. m-Tolyl. p-Tolyl. 
Percentage yield ............ ‘ 48°2 48°3 40°8 
300° - 845° 

1°475 1°495 
14° 


The preparation of other esters from the oxides of arsenic and 
antimony and compounds containing alcoholic hydroxyl is being 
proceeded with in this laboratory. Attempts are also being made 
to overcome the difficulties experienced in obtaining the esters of 
sulphoarsenious acid in sufficient quantities to allow of their com- 
positions being determined. 
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ANNUAL GENERAL MEETING, 


Marcu 25Tn, 1909. 


Sin Witiram Ramsay, K.C.B,, F.R.S., in the Chair. 


Dr. G. Barer and Mr, W. B. Tuck were appointed Scrutators, and 
the ballot was opened for the election of Officers and Council for the 
ensuing year. 

The PrestpENT presented the Report of the Council on the progress 
of the Society during the past twelve months, and the Treasurer, after 
making a statement as to the Society’s income and expenditure 
for the year 1908, proposed a vote of thanks to the Auditors, which 
was seconded by Dr. H. G. Couman and acknowledged by Dr. A. 
Harpen and Dr. V. H. VELEyY. 

The adoption of the Report of Council together with the Balance 
Sheet and Statements of Accounts for the. year ended 31st December, 
1908, was proposed by Prof. J. Norman Coxwiz, and seconded by 
Mr. Joun Sprinter. After some remarks by Dr. E. Divers, the motion 
was put to the Meeting and carried unanimously. 


Report oF THE COUNCIL. 


The Council once more have the satisfaction of stating that the 
prosperity of the Society continues, both the number of papers read 
and the number of Fellows on the list showing a considerable 


increase. 
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On the 31st December, 1907, the number of Fellows was 2,896, 
During 1908, 159 Fellows were elected, and 4 were reinstated, thus 
making a gross total of 3,059. The Society has lost 31 Fellows by 
death; 38 have resigned; 2 elections have become void, and the 
names of 38 Fellows have been removed from the list for nop. 
payment of Annual Subscriptions. 

The total number of Fellows, therefore, at the 31st December, 
1908, was 2,950, showing an increase of 54 over the number for the 
previous year. 


The names of the deceased Fellows, with the dates of their election, 
are: 


J. H. Ball (1902). A 
S. Banner (1888). R 
B. H. Brough (1884). J 
J. T. Cart (1907). Ww 
A. V. Cunnington (1898). F 
z 
H 
J 
A 


Houldershaw (1901). 
V. Jackson (1881). 
G. Johnson (1872). 
. H. Jowett (1891). 


Leeds (1891). 
A. Deck (1874). 


Sir J. Evans (1876). 

E. A. Fasnacht (1902). 
R. J. Friswell (1871). 

Sir J. C. Gamble (1876). 
T. A. Gerard (1904). 

W. M. Habirshaw (1874). 
R. H. Harland (1876). 
F. W. Hart (1869). 

A. Helms (1894). 


- Morson (1851). 

. L. Pendlebury (1907). 
. H. Player (1860). 

W. A. Shenstone (1876). 
. Sibson (1859). 

F. G. Smith (1903). 

E. Sonstadt (1874). 

Sir T. Stevenson (1864). 
B. H. Thwaite (1880). 
A. Wade (1908). 

T. H. Walker (1879). 


H 
M 
H 


The following Fellows have resigned: 


J. Alexander. 


J. A. Basker. 
F. W. Bayly. 
J. H. Belcher. 
L. H. Berry. 
W. R. Cooper. 
A. J. Cownley. 
D. C. Crichton. 
C. Crocker. 

F. W. Daw. 
F. A. Drake. 
L. Dufty. 

G. C. Fry. 


T. Gough. 

A. H. Green. 
H. L. Greville. 
E. G. Guest. 

C. G. Kiddell. 
W. J. Lockyer. 
J. Marsh. 

L. W. Mathieson. 
E. W. Millar. 
E. Morris. 

W. D. Page. 
Hi. Ross. 


H. Rostron. 

H. Senier. 

F. Shedden. 

E. C. Sherwood. 
E. 8. Smith. 
W. Southworth. 
A. Turner. 

G. J. Ward. 

R. Waterhouse. 
T. Whittaker. 
W. H. Wood. 
J. W. Yates. 
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and Professor A. Haller, whose name has been transferred from the 
list of Ordinary Fellows to that of the Honorary and Foreign 
Members. , 

The number of those Fellows elected prior to 1860 has bee 
diminished by the death of Mr. Thomas Morson, elected on 
December 15th, 1851, and of Mr. Alfred Sibson, who was elected 
on December 15th, 1859. 

The Council have great pleasure in congratulating Professor 
William Odling and Mr. E. A. Pontifex on having reached the 
60th Anniversary of their Election as Fellows of the Society; the 
following Fellows during the past two or three years have reached 
their Jubilee as Fellows: 


Prof. A. H. Church (1856). Mr. C. Hanbury (1857). 
Sir W. Crookes (1857). Prof. J. W. Mallet (1857). 
Mr. E. Davies (1858). Mr. F. Norton (1854). 
Mr. J. F. Davis (1857). Sir H. E. Roscoe (1855). 
Prof. G. Carey Foster (1856). Mr. P. J. Worsley (1858). 


The number of Honorary and Foreign Members at the close of 
1907 was 29. Seven were elected in February, 1908, but during 
the past year the Society has had to mourn the death of Professor 
A. H. Becquerel and of Professor Wolcott Gibbs, thus making 
the total of Honorary and Foreign Members, at the close of 1908, 
to be 34. Since then, however, Professor Emil Erlenmeyer and 
Professor Julius Thomsen, F.R.S., have passed away. Arrange- 
ments are being made for the preparation of Memorial Lectures, 
and that dealing with the life work of Professor Wolcott Gibbs will 
be delivered by Dr. Frank Wigglesworth Clarke early in June. 

A general scheme of co-operation with the Royal Society in the 
matter of Obituary Notices has been formulated; it will now be 
possible to issue those relating to deceased Fellows in the pub- 
lications of both Societies, subject to the consent of the author. 

During the year 1908, 278 scientific communications have been 
made to the Society, 212 of which have been published already 
in the Transactions, and abstracts of all have appeared in the 
Proceedings. 

The volume of Transactions for 1908 contains 2,281 pages, of 
which 2,188 are occupied by 222 memoirs, the remaining 93 pages 
being devoted to the Obituary Notices, the Report of the Annual 
General Meeting, and the Presidential Address; the volume for 
the preceding year contains 205 memoirs, which occupy 2,021 pages. 

The Journal for 1908 contains also 4,978 abstracts of papers 
published mainly in foreign journals, which extend to 2,112 pages, 
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whilst the abstracts for 1907 numbered 4,686, and occupied 2,100 
pages. The abstracts for 1908 may be classified as follows :— 


No. of 
Abstracts. 


Organic Chemistry 
Part II. 


General and Physical Chemistry 936 
Inorganic Chemistry 588 
Mineralogical Chemistry 97 
Physiological Chemistry 567 
Chemistry of Vegetable Physiology and 

Agriculture 265 
Analytical Chemistry 646 


3,099 


Total in Parts I. and II. ............ 2,112 4,978 


In July, 1908, the Linnean Society celebrated the fiftieth 
anniversary of the presentation, by C. R. Darwin and A. R. Wallace, 
of the essay entitled “On the tendency of species to form varieties, 
and on the perpetuation of varieties and species by natural means 
of selection”; on this occasion the Chemical Society was repre- 
sented by the Foreign Secretary, Dr. Horace T. Brown. Another 
jubilee of especial interest, held in October, was that of the 
Foundation of the Oxford University Museum, which followed 
upon the establishment of a Natural Science School at Oxford; 
at this ceremony the President, Sir William Ramsay, offered to 
the University the congratulations of the Society. 

Late in 1907, the President was nominated on the deputation 
organised by the British Science Guild, which subsequently repre- 
sented to the Postmaster-General the desirability of reducing 
postage rates for the publications of learned Societies; this 
deputation was received by the Postmaster-General on March 12th, 
1908, but his reply was not sympathetic. Following this action, 
@ memorandum on the subject was prepared, and forwarded to 
certain members of Parliament, some of whom communicated in 
the matter with the official representatives of the Post Office in the 
House; the majority of these members, however, were of opinion 
that it is undesirable to raise this question again at present. 

The Society has become indebted to Professor J. Emerson 
Reynolds for a bust of Michael Faraday. 

In May, 1908, a petition, signed by more than three hundred 
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Fellows, was presented to the Council requesting them to ascertain 
the wishes of the Society as a whole regarding the admission of 
women to the Fellowship of the Society. Acceding to the request 
of the memorialists, the Council directed the Secretaries to issue a 
letter, drawn up by the Council, in which arguments on both sides 
were set forth, requesting each Fellow to consider these, and to 
express his opinion on the ballot paper enclosed therewith. The 
referendum having closed on October Ist, the scrutators reported 
that 1,758 voting papers had been received, of which 1,094 were in 
favour of admitting women, and 642 against the proposal, whilst 22 
were neutral. Two Extraordinary Meetings of Council were devoted 
solely to the consideration of this result, and it was resolved, 
by a considerable majority, “That in the opinion of this Council 
it is desirable that at any time, on recommendation of three Fellows 
of the Society, women be accepted as Subscribers to the Society. 
Such women Subscribers shall pay an annual fee of thirty shillings: 
they shall be admitted to all ordinary meetings of the Society: 
they shall have the same use of the Library as the Fellows, and 
they shall be supplied with the Proceedings, Transactions, and 
Annual Reports of the Society as these are issued.” The con- 
siderations which led the Council to adopt this course are set forth 
in the statement drawn up by the Council and made by the 
President at the Ordinary Scientific Meeting on December 17th, 
1908 (Proceedings, 1908, 24, 277). 

The validity of this resolution having been called in question 
(Proceedings, 1909, 25, 1), the terms of the resolution and of the 
criticisms thereon were referred to the legal advisers of the Society, 
Messrs. Bristows, Cooke and Carpmael, who report as follows: 

“In our opinion, the Council had power to pass this resolution. 
The privileges thereby proposed to be given do not in any way 
make women subscribers Corporators, and it was because if women 
were elected Fellows they would become Corporators, that Counsel, 
in April, 1904, advised they should not be elected Fellows. 

“(1) So far as we are aware (taking the parts of the Resolution 
one by one), there is nothing to prevent women subscribing an 
annual fee to the Society, or to prevent the Society accepting such 
fee. Gifts are from time to time made to the Society. The Charter 
provides that the Council shall have the sole management of the 
income and Funds of the Society. 

(2) The Resolution also provides that women shall be admitted 
to all ordinary meetings of the Society. We understand that this 
has always been the custom. 

“(3) The Resolution next provides that the women shall have the 
same use of the Library as the Fellows. So far as we are aware, 
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there is nothing in the Charter or By-Laws to prevent this, but if it 
is proposed that the books shall be allowed to circulate among the 
women Subscribers, then we think that By-Law 15 would have to 
be altered. 

“(4) Lastly, the Resolution provides that women subscribers 
shall be supplied with the Proceedings, Transactions, and Annual 
Reports of the Society as these are issued. We see nothing contrary 
to the Charter or By-Laws in this, and, further, we understand 
that any member of the public at present has this facility at prices 
fixed by the Council.” 

The triennial award of the Longstaff Medal to the Fellow of the 
Society who, in the opinion of the Council, has done the most to 
promote Chemical Science by Research, was made, on the recom- 
mendation of the Research Fund Committee, to Professor Frederic 
Stanley Kipping, F.R.S. The medal will be presented at the Annual 
General Meeting on March 25th, 1909. 

The Council have regretfully accepted the resignation of Mrs. 
Dougal. A special vote of thanks has been accorded to Mrs. 
Dougal in recognition of the valuable assistance which she has 
rendered to the Society during the past fifteen years in indexing 
its Publications. Dr. C. H. Desch having resigned the position 
of Assistant Sub-Editor, an arrangement has been made by which 
all branches of the editorial work will become concentrated in the 
hands of Dr. Cain and Mr. Greenaway. 

Following the important gift of books by Sir Henry Roscoe 
mentioned in the Report of the Council for 1906, the munificence 
of the same donor has enriched the Library with a series of 
periodicals comprising 636 volumes. The Society is indebted also 
to Mrs. Sonstadt, Mr. Edward Davies, and Professor W. R. E. 
Hodgkinson, for the gift of valuable sets of books. 

The number of books borrowed from the Library during 1908 
was 1,339 as against 1,317 in the previous year. The additions to 
the Library, excluding those already mentioned, comprise 159 books, 
of which 90 were presented, 412 volumes of periodicals (repre 
senting 245 journals), and 36 pamphlets, as against 138 books, 
401 volumes of periodicals (representing 243 journals), and 40 
pamphlets last year. 

In further response to the appeal of the Council referred to in 
the Report of last year, several Fellows have presented volumes of 
periodicals to help to complete the sets in the Library. The appeal 
has also stimulated Fellows to present to the Library a number of 
early chemical works. The Council welcome gifts of this description, 
as, in the words of Professor Emerson Reynolds, speaking from the 
Presidential Chair in 1902, “it is desirable that the Society should 
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have in the Library one copy, at least, of every work printed in 
English on chemical subjects to the end of the eighteenth century.” 
Each of these gifts has been acknowledged in the Proceedings from 
time to time. 

In consequence of the crowded condition of the Library, it has 
been again found necessary to construct ten bookcases in the base- 
ment; this extension, however, can afford only temporary relief. 

The annual income of the Research Fund now amounts to about 
£346, and this year, as a fair balance was also in hand, grants 
amounting to £368 were made. In the Transactions for 1908, 
there are 31 papers contributed by authors who have received grants 
from the Research Fund. 

With regard to the income and expenditure of the Society for 
the year just closed, there is but little calling for special comment, 
as both are on the same lines as those of last year. The total 
income for 1908 is £7,134 17s. 2d., which is less than that of the 
previous year by £125 7s. 8d.; the expenditure is £6,834 15s., or 
only £84 6s. 7d. more than that of last year. This leaves an 
excess of £300 2s. 2d. of income over expenditure for the year’s 
working, as compared with £509 16s. 5d. for 1907, and £741 13s. 2d. 
for 1906. It may seem somewhat remarkable that, with an increase 
of 50 in our list of Fellows, we should have a smaller income from 
admission fees and from annual subscriptions, which are the items 
in which there is the most notable falling off. This is, however, 
accounted for by the large number elected in November and 
December, whose subscriptions and admission fees do not become 
due until January Ist, 1909, and therefore do not appear as arrears 
in the 1908 account, but will swell the income for 1909. This will 
be welcome to the Treasurer, for the preparation for Vol. V. of 
the Decennial Index (which has even now begun) must be actively 
proceeded with by our Editor under the arrangements just 
concluded. The Journal has cost £192 2s. 6d. more than last 
year, but a saving of £37 15s. 6d. has been effected on the 
Proceedings. Administrative expenses are £54 5s. 4d. less than 
last year, due to our economies in several directions being greater 
than increased expenditure in others, but the total effect has been 
to secure greater efficiency. It is obvious, however, that unless 
authors will actively aid the Publication Committee in their 
endeavours to keep down the continual increase in the cost of the 
Journal, it will be necessary to raise the annual subscription from 
£2 (which it has been ever since the foundation of the Society) 
to £2 10s. 
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INCOME AND EXPENDITURE ACCOUNT 


Income. 


To Life Compositions ... 
»» Admission Fees 
»» Annual Subscriptions— 
Received in advance, on account of 1908 
during 1908 1908 
1907 
1906 
1905 


4579 
Less amount included in. last year's Income, _— valuation of 
Arrears as per last Balance Sheet — abi =a 


Add Arrears at date: 1908 £468; 1907 cite 1906 = ome to 
realise as per Balance Sheet ate one one 
4629 0 0 
», Investments :— 
Dividends on £6780 Metropolitan Consolidated 3} per cent. Stock ... 
£1050 London and North Western Railway 3 per cent. 
Debenture Stock... ... ae 
£1520 14s. 3d. Cardiff Corporation 3 per cent. Stock 
£1400 India 24 per cent. Stock ... ons 
£2400 Bristol Corporation 2} per cent, Debenture Stock 
£4341 Midland Railway 2} per cent. Preference Stock 
£1200 Leeds Corporation 3 percent. Stock ... 1. as» 
£1500 Transvaal 3 per cent. Guaranteed Stock _... 
£1200 North British iasniaggid 8 wiaeel cent. Debenture 
Stock ... « a ae 


Income Tax Recovered 


Interest on Deposit Account ... 
6438 15 4 


»» Publications :— 
Sales : 

Journals 
Proceedings 
General Index ... 
Memorial Lectures ... 
Library Catalogue ... ... 
Atomic Weight Tables 


Annual Reports on the Progress ¢ of Chemistry 
Jubilee Volume __... < ae cee one 


1049 5 11 
Lese Publishers’ Gommmiasion «oc. oc. ccc, cvs, tue tee certo cee OO OG 


948 10 7 
Proceeds of Advertisements in Journal... ... ... ... £7716 3 
EE cn nek! uh Sec, Rak eam SS 86d 1113 6 
1014 13 4 
» Subscriptions from other Societies :— 


Society of Chemical Industry .. 


Society of Public Analysts 
19 8 6 


£7134 17 2 


I have examined the above Accounts with the Books and Vouchers of the Society, and 
and the Invastments. 


W. B. KEEN, 
11th March 1909, Chartered Accountant. 


Expenditure. 


By Expenses en account of Journal and Proceedings :— 
Salary of Editor ... 
Salary of Sub-Editor ... ees 08 
Salary of Assistant Sub-Editor ... 
Salary of Indexer and Assistance ... 
Editorial Postages, &c, 
Abstractors’ Fees 
Printing of Journal 
Banding... 


Printing of Advertisements 
Wrappers and Addressing 
Distribution of Journal 
Authors’ Copies ... ie 
Insurance of Stock at Clay’ Base 


wmewernoef 


| 


Printing of apnpesenan 3 
Banding... 
203 18 3 


Distribution of Proceedings ...  ... os. soe see cee one cee neste 83 17 9 


,, Preparation for Decennial Index, Vol. V.__... 
,, Annual Reports on the Progress of Chemistry 
” Purchase of back numbers of Journal es 
a " List of Fellows... sw ia”. the 


, Library Expenses :— 
Salary of Librarian 
Books and Periodicals 
Binding ... eos 


,, Indexing for International Catalogue _... 
» Subscription to the Lothar Meyer Memorial Fund 


,, Administrative Expenses :— 


Salary of Assistant Secretary .. 

Salary of Office Assistant... ... : 
Wages (Commissionaire, Housekeeper, a and Char ‘woman) 
Pension, Mrs. Hall ... oa ai es. oka thee 
Coal and Lighting 

House Expenses and Repairs .. 

Tea Expenses eee 

Insurances 

Accountants’ Charges — ove one 
Accountants’ Commission on Recovery « of Income Tax... 
ee ose 
Stationery i te 

Postages ... 

Furniture oe one 

Miscellaneous Expenses +i 


» Balance, being excess of Income over hee agen to Balance 
SEOUE- sans PO ee “ 


£7134 17 2 


tertify them to be in accordance therewith. 1 have also verified the Balance at the Bankers 


Approved— ARTHUR HARDEN 
J. Auaustus VOLCKER, 
Victor H. VELEY. 
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Dr. Dtvers having given due notice that he would move the 
adoption of the following new Bye-Law : 


XIII bis.—On Ascertaining the Will of the Society by means of 
Voting Papers. 

“The President, either on his own motion or on a written 
requisition by the Council or by fifty Fellows, shall proceed 
to ascertain the will of the Society as to any suggested change in 
the Bye-Laws or in the administration of these laws by the 
Council, by causing to be delivered, along with the Proceedings 
or separately, a notice to each Fellow of the change proposed, 
together with a voting paper upon it, to be filled in by the 
Fellow and returned to the Secretaries not later than a pre- 
scribed date. After that date, the results of the voting shall be 
counted by the Secretaries and two Scrutineers, appointed by 
the President, and be reported by him to a Council Meeting and 
to a General Meeting, upon which the Council shall proceed 
to act in accordance with the majority of votes, as being the 
expression of the will of the majority,” 


the President declared that his duty prevented him from putting the 
proposition to the Meeting, the suggested Bye-Law being repugnant 
to the Charter. Dr. Divers then withdrew his Resolution, and gave 
notice that at a subsequent General Meeting he would propose the 
Bye-Law so amended that the word “ may ” replace the word “ shall.” 


The Presipent then presented the Longstaff Medal for 1909 to 
Professor F. 8. Krppine, who responded in terms expressing his 
appreciation of the honour bestowed upon him. 


A vote of thanks to the Treasurer, Secretaries, Foreign Secretary, 
and Council for their services during the past year was proposed 
by Dr. L. T. THorNnz, seconded by Dr. McGowan, and acknowledged 
by Prof. H. E. Armsrrone. 


The PrEsipENT then delivered his address, entitled “ Elements and 
Electrons.”” Prof. J. J. Dossre proposed a vote of thanks to the 
President coupled with the request that he would allow his address to 
be printed in the Society’s Transactions, the motion being seconded by 
Prof. F. 8. Kipprne, and acknowledged by the PrestpENT. 


The Scrutators having presented their report, the PrEsiDENT 
declared that the following had been elected as Officers and Council 
for the ensuing year. 


President: Harold B. Dixon, M.A., F.R.S, 
Vice-Presidents who have filled the Office of President: H. E. 
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4rmstrong, Ph.D., LL.D., F.R.S.; A. Crum Brown, D.Se., LL.D., 
RRS. ; Sir William Crookes, D.Sc., F.R.S. ; Sir James Dewar, M.A., 
ILD., F.R.S.; A. Vernon Harcourt, M.A., D.C.L., F.R.S.; Raphael 
Veldola, F.R.S.; H. Miiller, Ph.D., LL.D., F.R.S.; W. Odling, M.A., 
1B, F.R.S.; Sir William Ramsay, K.C.B., LL.D., F.R.S.; J. 
Emerson Reynolds, Se.D., M.D., F.R.S.; Sir Henry E. Roscoe, LL.D., 
RS.; W. J. Russell, Ph.D., F.R.S.; T. E. Thorpe, C.B., LL.D., 
RRS.; W. A, Tilden, D.Sc., F.R.S. 


Vice-Presidents: J. Campbell Brown, D.Sc., LL.D.; J. Norman 
(ollie, Ph.D., F.R.S.; J. J. Dobbie, M.A., D.Sc., F.R.S. ; F. Stanley 
Kipping, D.Sc., Ph.D., F.R.S.; Sir Alexander Pedler, C.I.E., F.R.S. ; 
James Walker, D.Sc., Ph.D., F.R.S. 


Treasurer: Alexander Scott, M.A., D.Sc., F.R.S. 

Secretaries: M. O. Forster, D.Sc., Ph.D., F.R.S.; A. W. Crossley, 
DSc. Ph.D., F.R.S. 

Foreign Secretary: Horace T. Brown, LL.D., F.R.S. 


Ordinary Members of Council: Julian L. Baker ; George T. Beilby, 
RRS. ; William A. Bone, D.Sc., Ph.D., F.R.S. ; Alfred C. Chapman ; 
Julius B. Cohen, Ph.D., B.Sc.; Charles E. Groves, F.R.S.; J. T. 
Hewitt, M.A., D.Sc., Ph.D. ; W. R. E. Hodgkinson, Ph.D.; H. R. Le 


sueur, D.Sc. ; G. T. Morgan, D.Sc.; A. G. Perkin, F.R.S.; A. E. H. 
lutton, M.A., D.Sc., F.R.S. 


RAMSAY: ELEMENTS AND ELECTRONS. 


PRESIDENTIAL ADDRESS. 


Delivered at the ANNUAL GENERAL MEETING, March 25th, 1909. 
By Str Witi1am Ramsay, K.C.B., F.R.S. 


Elements and Electrons. 


‘* To decompose the metals, to re-form them, and to realise the once absurd notion 
of transmutation :—these are the problems now given to the chemist for 
solution.”—MIcHAEL FARADAY, 1818; Lecture to the City Philosophical 
Society. 

In my address last year, my thesis was the claims of the electron 
to be treated as an element. I tried to show that inasmuch as it 
has been proved that an electron—an atom of negative electricity, 
as it may be called—has independent existence, and possesses mass, 
its claims to substantial nature are as great as those of any of the 
forms of matter which we term elements. It has been proved that 
cathode-rays are identical with the 8-rays of radioactive substances; 
that from whatever source the 8-rays come, they have approximately 
the same mass, about one-thousandth of that of an atom of 
hydrogen; and although their mass is apparently dependent on 
their velocity, yet they may be considered as of the nature of 
atoms. 

I ventured to suggest that when a metallic and a non-metallic 
atom combine; when, to take a concrete example, sodium is burned 
in chlorine, with formation of common salt, an electron leaves the 
atom of sodium, with which it was previously in combination, to 
form a link or bond between the atom of sodium and the atom 
of chlorine. The metal sodium, regarded from this point of view, 
can no longer be termed elementary ; it is a compound of sodion—an 
ion of sodium—with an electron. When common salt is dissolved 
in water and “ionised,”’ the sodion is comparatively unaffected by 
the chlorion ; it apparently surrounds itself with a number of water- 
molecules, as does also the chlorion; it exerts its own osmotic 
pressure, produces its own special depression in the freezing point 
and rise in the boiling point of the solution ; and, in short, behaves 
as if it were an independent molecule; similarly with the chlorion. 
According to this suggestion, the real shift of the electron occurs 
during the reaction between the sodium and the chlorine; the act 
of solution, of separating the constituents of the molecule of sodium 
chloride, makes it possible to detect the presence of its two con- 
stituents, the sodion and the chlorion. 

It is not always, however, that it can be decided which atom 
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loses and which receives an electron. Not all compounds are 
jonised on solution. And there is evidence which renders it 
probable that the electron received from the sodium by the chlorine, 
the “charge” which converts it into a chlorion, is not the only 
electron with which the chlorine atom is combined. It appears 
likely that what we term “elementary chlorine” is not merely a 
compound of two atoms of chlorine with each other, Cl,, but that 
each atom of chlorine carries with it no fewer than seven electrons. 
An ion of chlorine would therefore be a compound of a chlorine 
atom with eight electrons; one active, having been received from 
the sodium or other metallic element present in the compound; 
the other seven, latent, as it were, and not revealing themselves in 
such a compound as common salt. A molecule of chlorine, Cl, 
may be regarded on this view as E,CIECIE, (where E stands for 
anelectron). These “valencies”’ are manifested in such compounds 
as perchloric acid. And if it be permitted to indicate the source 
of the electron by an arrow head, terminating the dash which is 
our usual symbol for a “bond” or “affinity,” then Na— Cl would 
show that in common salt, when formed from sodium and chlorine, 
the electron which forms the bond has been derived from the 
sodium. If, again, Roman numerals be used to indicate “latent 
bonds,” or unused electrons, Na—-Cl”™ indicates that a chlorion 
has eight electrons attached to it, of which one has been derived 
from the metallic constituent of the salt in solution, while seven 
belong to it as such. I have tried to expound these views in the 
last edition of “ Modern Chemistry,” to which those interested in 
the matter are referred. 

The subject of my present address is the hypothesis that the 
generic difference between elements is due to their gain or loss of 
electrons ; not of such supplementary electrons as convert an element 
into an ion, but of electrons more closely associated with the atom, 
constituents of the atom, as it were. I shall not, however, consider 
the question as to whether matter is composed of electrons. That 
is a question well worth raising; but it must follow later; it is not 
germane to my subject. The question before us is whether, to take 
a concrete example, an atom of sodium, by losing or gaining 
electrons, remains an atom of sodium; whether the loss or gain of 
electrons does not cause it to change into some other element or 
elements. The arguments in support of this hypothesis are partly 
theoretical and partly experimental. I am not sanguine enough 
to suppose that they will at once gain the adhesion of chemists; 
I should, however, be glad if they were to lead to experimental 
investigation, for their claim to found a theory must, in the long 
tun, depend on their applicability to experimental facts. 
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1. It has for many years been an axiom in chemistry that the 
chemical nature of a compound is due chiefly to the number and 
arrangement of the atoms which form it, and in a less degree to 
their intrinsic character. This was first specifically stated by 
Dumas (Ann. Chim. Phys., 1851, [iii], 38, 179, 259); his words 
are: “ Every chemical compound forms a complete whole. Its 
chemical nature depends primarily on the arrangement and number 
of the constituent atoms, and to a less degree on their chemical 
nature.” Innumerable examples of the justice of this statement, 
applied to ordinary compounds, might be cited. It is, however, 
equally applicable to ions; that is, to compounds or elements which 
differ from others only by the gain or loss of one or more electrons, 
The metal sodium, for example, if regarded as a compound of 
sodion with an electron, differs conspicuously from the sodion of 
common salt; no, less different, too, is the chlorion in salt from the 
element chlorine. If such differences can be produced by the 
transfer—loss or gain—of one electron, it may be taken as probable 
that even greater differences would be found, were an element to 
lose a greater number of electrons. It might be expected that its 
valency would change, and with the valency its physical and 
chemical properties. 

2. It may be objected that such a loss or gain of electrons by an 
element is wholly hypothetical. Six or seven years ago, that 
criticism would have been a just one; it is now, I venture to think, 
out of date. For we are face to face with the fact that certain 
elements are continuously parting with electrons, and that when 
they do so, a change of the nature of transmutation has supervened. 
It is true that the products of the transmutation of uranium, 
radium, and thorium (actinium, perhaps, may be regarded as still 
belonging to that class of elements of which the independent 
existence requires further proof) are first of all obtainable in such 
infinitesimal amount that their claim to the term element may 
be questioned ; but the undoubted fact that the well-known helium 
is a product of the “degradation ” of radium must be held to be 
thoroughly established. And in this instance, one certain case of 
transmutation is sufficient. Lx uno disce omnes. 

It may, however, be interesting to chemists to reproduce a table, 
borrowed chiefly from the second edition of Rutherford’s Radio- 
activity, p. 406, which shows the properties of the degradation- 
products of radium. (The table is slightly altered.) 
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Products from Radium. 


Transformation Time to be half Chemical and 
products. transformed. Rays. physical properties. 

Radium 1200 years ...  a-rays Like barium, but more electro- 
negative; sparingly soluble 
| sulphate Me carbonate ; sol- 

uble halides. 
Emanation ... ‘ Chemically inert gas ; condenses 
at low temperature; atomic 

weight 216?. 

Behaves as solid ; deposited on 
surface of bodies; concen- 
trated on cathode in electric 
field. Volatile at about 1000°. 
Soluble in strong acids. 

21 minutes ... No rays Soluble in strong acids ; volatile 
: at 630°. B is more volatile 
than A or C. Precipitated 
along with Ba. 
28 minutes ... a-, B-, y-rays... Soluble in strong acids; de- 
posits on copper or nickel. 
Radium D ... About 40 years No rays Soluble in strong acids, and 
| volatilised below 1000°. Pos- 
sibly ‘‘ radio-lead.” 
Radium J, ... 6—6°5 days... No rays Volatile below 1000°. Soluble 
in hot acetic acid. 
Radium Z, ... 4°8 days ...... 8-and y-rays... Volatile at red heat ; more elec- 
tro-negative than £,. 
Radium F ... 143 days a-Tays Volatile at 1000°; deposited 
from solution on to bismuth 
plate. Probably ‘‘polonium.” 


Radium A 


Radium B 


hange. 


C 


Active deposit of rapid 


\ 
Radium C 


This table of properties, which might be considerably enlarged, 
may suffice to convey the conviction that these substances are in 
reality chemical elements, differing in properties; no one of them 
has probably been seen, except radium D, which’ Mr. Cameron and 
I were successful in depositing from the emanation at the conical 
end of a very fine capillary tube. It was a grey, lustrous metal; 
and when oxygen was admitted, and the tube was heated, the 
metallic lustre disappeared. I have not had an opportunity yet 
of repeating the observation, but hope to do so soon. This sub- 
stance appears to resemble lead in its reactions; it is contained in 
the lead chloride, separated from radioactive minerals, and can be 
separated partially from lead by repeated crystallisation of the 
chloride. There can be no doubt that when larger quantities of 
radium are available, some of these substances will be characterised 
by as definite tests as the ordinary metallic elements. 

It is known that the changes of radium and of its emanation are 
accompanied by an enormous evolution of heat. The latest work on 
the subject, carried out in Prof. Exner’s laboratory at Vienna by 
E. v. Schweidler and V. F. Hess, shows that the heat-evolution 
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per gram of radium is 118 calories per hour. Rutherford has shown 
that the emanation, with its rapidly decaying products, RdA, RdB, 
and RdC, in changing to the long-lived RdD, evolves a quantity 
of heat about three-quarters of that evolved by the radium from 
which it is derived; and no doubt each of the changes is accom. 
panied by a definite loss of heat. In other words, these are all 
endothermic bodies. The question has been raised whether other 
elements than the radioactive ones are similarly spontaneously 
changing. It appears to have been proved that the discharge of 
an electroscope by the ordinary metals is due to their containing a 
trace of radium, or of some other radioactive metal. 

3. Some years ago, in conjunction with Dr. Spencer, experiments 
have been made similar to those well known for zinc; plates of 
different elements, placed over the plate of an electroscope, were 
illuminated with a constant source of ultra-violet light. These 
plates evolved electrons, but at different rates; the more electro- 
positive metals more rapidly than the more electronegative. It has 
also been shown by Sir J. J. Thomson that potassium parts with 
electrons; and by Professor Fleming that the liquid alloy of 
potassium and sodium does so when illuminated. Now we know 
many compounds which are sensitive to the action of light; the 
halides of silver, used in photography, are perhaps the most familiar. 
The halides of silver are formed by an exo- not an endo-thermic reaction; 
that is, when they decompose, heat is absorbed, not evolved. Their 
decomposition therefore is accompanied by an absorption of energy, 
derived from the pulses of ultra-violet light. A similar case of 
light-induced chemical change is that of the carbon dioxide and 
water-vapour of the atmosphere, when they are absorbed by plants, 
and converted, under the influence of solar radiation, into carbo- 
hydrates and other complicated molecules. Here again we have an 
instance of the energy of the light-waves being stored ; the change 
is an endothermic one. 

Instances are not wanting, however, of exothermic chemical 
change being furthered by light. The rate of interaction of 
hydrogen and chlorine in the dark is exceedingly slow; but under 
the catalytic stimulus of violet and ultra-violet light, it becomes 
explosively rapid. 

In short, no general rule can be laid down; in some cases endo- 
thermic, in others exothermic, changes are expedited by the action 
of light-waves. 

‘Knowing that the radioactive elements are actually changing 
into other “elementary ” forms of matter with evolution of electrons 
(as weil as sometimes of a-rays), we cannot, I think, avoid the 
inference that where electrons are evolved, a change from one form 
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of element to another is in progress. If not proved, it is at all 
events probable. The spontaneous “degradation” of the radio- 
active elements is an exothermic change; the “degradation” of 
the other elements under the stimulus of light-waves, judging by 
the analogy of photo-sensitive compounds, may or may not be 
accompanied by evolution of energy. Probably in some cases it is; 
in others it is not.* 

4, In his Faraday lecture, Professor Ostwald, in 1904, likened 
the elements to stalactites hanging from the roof of a cave, some 
longer, some shorter. The absorption of energy by a long stalactite 
may serve to shorten it, and to alter its position. But while the 
commoner elements (and therefore the more stable) are difficult 
thus to displace, owing to the enormous amount of energy required 
to effect the displacement, the radioactive elements are, as it were, 
displacing themselves spontaneously, and losing energy in so doing. 

Inasmuch, moreover, as the effect of energy is proportional not 
merely to its total quantity, but to its intensity, and inasmuch as 
its intensity is closely related to its concentration, it is to be 
expected that just as the concentration by Sir Humphry Davy of 
electric energy into the small area of the ends of two platinum 
wires enabled him to decompose the alkalis, so a high concentration 
of energy will effect the change of one element into another, or 
into several others. 

5. Turning next to another line of evidence, let me allude to a 
paper read to the Society in February last, by my friend, Mr. Alfred 
Egerton, in which he points out regularities in the irregularly 
regular series of atomic weights. Attempts to introduce order into 
this series have generally been made by the device of an arithmetical 
or geometrical series, from which divergences are represented by 
arbitrary factors; in short, attempts of this nature introduce 
arbitrary constants. Mr. Egerton considers the question: Why 
are the atomic weights of mary of the elements multiples of that 
of oxygen? I must refer those interested in the subject to his 
paper (Trans., 1909, 95, 238); I will merely state here that almost 
absolute coincidence between the best known values of the atomic 

* I may remark here, parenthetically, that it has been suggested that a possible 
source of energy, available in the future, when our fuel is exhausted, might be 
derived, if a catalyst for the exothermic change of one form of elementary matter 
were discovered. The remarks made above point to the conclusion that such a hope 
is probably destined to be illusory ; for the balance of probability is in favour of the 
elements as we know them being stable bodies ; to “degrade” them, as much energy 
would have to be absorbed as would be given out by a reversible process, and that 
energy could be obtained only from known sources. For the main supply of energy 
therefore, we have nothing to look to beyond our coal-mines. At the same time it 
should be mentioned that Prof. Lenard inclines to the belief that the ‘‘ degradation ” 
of elements is always exothermic. 
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weights and his calculated numbers are arrived at on the simple 
hypothesis that multiples of the mass of a definite number of 
electrons are added to, or subtracted from, the atomic weight, 
expressed as a round number. The statement is saved from being 
arbitrary, inasmuch as the multiple ascends in nearly regular 
progression. It may almost be said to follow from this view that 
if electrons could be added to, or subtracted from, the atoms of 
elements in definite numbers, transmutation would be effected. 


So far, I have endeavoured to state the various arguments in 
favour of the possibility of transmutation. They are, briefly 
stated : 

1. The subtraction from, or addition to, an atom of an element 
of one or more electrons, by virtue of which it is converted into an 
ion, completely changes the properties of that element. 

2. The fact is incontestably proved that certain elements, termed 
radioactive, are losing electrons, and are thereby being converted 
into other forms of matter, which in our present nomenclature have 
equal claim to be considered elementary. 

3. The influence of ultra-violet light on many, if not all, elements 
is manifested in causing them to part with electrons; it is not, 
however, thereby proved that they yield other elementary forms of 
matter. 

4, The effect of chemical change is usually manifested in a gain 
or loss of energy. There is reason to believe that change from one 
elemental form of matter into another would be accompanied by 
an unusually large gain or loss of energy, for it is known that the 
“ degradation ”’ of radium is coincident with the loss of a relatively 
enormous amount of energy. This energy, moreover, is in a highly 
concentrated form; much energy is contained in small volume, or, 
what amounts to the same thing, in small mass, using the word in 
the sense of quantity of matter. 

5. It appears that the irregular regularity of the numbers repre- 
senting the atomic weights can be represented on the hypothesis 
that the addition or subtraction of definite groups of electrons is 
the cause of their divergence from a perfectly regular series. 

These arguments, however, can be regarded only as furnishing 
strong ground for experimental investigation ; and I propose in the 
rest of my address to give a brief sketch of what has been attempted. 
No one is better aware than I am how careful one should be in 
publishing results; but it has appeared to me best to make public 
the conclusions to which my experiments have led me; if the 
experiments are faulty, they will be repeated and corrected; if 
just, they will be corroborated. 

I need here only allude to the transformation of radium emanation 
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into helium, discovered by Mr. Soddy and myself. The accuracy 
of this observation has been amply established. Owing to the fact 
that during this transformation the energy evolved is in the most 
concentrated form known, and that the emanation of radium is 
fairly easily soluble in water, and therefore in aqueous solutions, the 
action of the emanation on a solution of copper sulphate and 
nitrate was investigated, glass vessels being employed. Four 
experiments were made, each one in duplicate; the duplicate was 
in each case treated like the solution containing emanation; the 
only difference was that the duplicate-solutions contained no 
emanation. From the emanation-solutions, a larger residue was 
obtained in each case than from the duplicate; and while the 
residue from the emanation-solutions showed the presence of a trace 
of lithium, those from the duplicates failed to give spectroscopic 
evidence of the presence of lithium. The fact of the experiments 
having thus been carried out in duplicate renders inapplicable the 
criticism of Professor Hartley, that inasmuch as lithium is a widely 
distributed element, accidental contamination is probable. But the 
alleged repetition of the experiments of Madame Curie and Mlle. 
Gleditsch, in which, using platinum vessels, they obtained no greater 
residue, and no trace of lithium, cannot be thus explained away. 
There are two possible replies: either the conditions of experiment 
varied, so that the same result was not obtained; or it is 
conceivable that in presence of emanation and a _ copper 
solution, a trace of lithium was dissolved from the glass vessel 
(which had been tested for lithium, however, with negative 
result), which escaped solution in absence of emanation, on the 
one hand, or in absence of copper, on the other. For emanation in 
presence of distilled water in a vessel of the same glass gave a 
minute residue in which the spectrum of lithium was not to be 
observed. 

I may be permitted here to mention a research carried out by 
Mr. Alexander Cameron, under my supervision, on the action of 
emanation on a solution of silver nitrate in a silica bulb, no glass, 
but only silica and platinum vessels, having been used for the 
experiments. Two experiments were made, in which the silver 
nitrate solution was left for a month in presence of the emanation 
from 0°2111 gram of radium, reckoned as metallic. Two similar 
blank experiments were made, in which no emanation was intro- 
duced into the bulb. These experiments had the object of ascertain- 
ing whether the “treated” silver nitrate gave a larger residue 
than the “untreated.” The utmost pains were taken, it is needless 
to say, to avoid the introduction of any solid matter with the 
reagents employed. The results were negative; they are as follows: 
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Residue from Residue from 
‘*treated ” silver nitrate, ‘* untreated ” silver nitrate, 
| | ae Eeeereerere 0°00022 0°00032 
e 0°00027 0°00007 


The differences are so small, and the difficulty of avoiding con. 
tamination so great, that no positive conclusion can be drawn from 
the experiments. It is really impossible to manipulate quantities 
of the order of a few tenths of a milligram. The residues showed 
only the spectrum of sodium. 

But the available energy of the radium emanation was certainly 
largely expended in producing another change, for a large amount 
of metallic silver was deposited—no less than 0°23 gram. Besides 
this, the gases evolved consisted of: Oxygen, 1°038 c.c.; hydrogen, 
0°071 c.c.; nitrogen, 0°084 c.c.; and carbon dioxide, 0°016 c.c. ;* in 
all, 1°209 c.c. 

The total amount of emanation with which these solutions were 
treated was respectively 0°78 and 0°92 of that evolved from a gram 
of radium in 3°86 days—a comparatively large dose, and one capable 
of evolving about 5,000 gram-calories. 

It is, however, possible that silver is a very “stable” element, 
and that a bad selection has been made. Judging again by analogy 
with compounds, if it were required to separate carbon from one 
of its compounds, it would puzzle a beginner if carbon dioxide were 
the particular carbon compound fixed on as a source of carbon; 
while, with cane-sugar, mere application of heat would reveal its 
content of carbon. Only repeated experiment can solve this 
problem—to discover the less stable, and therefore more easily 
degraded, elements. Probably they should be sought for among 
those of high atomic weight. 

I have, however, stumbled across a case of apparent trans 
formation, in working in a totally different direction. After the 
demonstration that helium is a transformation-product of radium, 
Debierne showed that it is also to be obtained from actinium. 
Naturally, the idea occurred that thorium should also yield helium. 
Now, the radioactive constant of thorium is only the 1/180,000th 
part of that of radium; hence the necessity of working with a 
very much larger quantity, over a very much longer time. 

Miss Burke was so good as to purify for me 270 grams of thorium 
nitrate, Th(NO,),. On December 20th, 1905, it was dissolved in 
about 300 c.c. of water, and introduced into a round-bottomed 
flask, provided with a capillary neck, on which was sealed an 
excellent stopcock. The stopcock was greased, and after the flask 

* The carbon dioxide was probably due to the grease of the stopcock of the 
burette in which the explosion was carried out. 
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had been evacuated with a Tépler pump, the tap was closed. After 
some hours, it was again pumped empty, and again left; and this 
proceeding was repeated at intervals, until absolutely no gas could 
be pumped off. The thorium nitrate was fairly acid, for unless 
some free acid is present, it is difficult to avoid its being hydrolysed 
by water. After this complete withdrawal of all gas, the glass 
connexion to the Tépler was broken ; the upper part of the capillary 
tube, above the stopcock, was filled with water, and the flask was 
inverted into a jar of water. During the three years in which the 
gaseous contents of the flask were under observation, no trace of 
leakage at the stopcock occurred; no water entered. Had leakage 
occurred, it would have been detected by a line of demarcation in 
the capillary tube, between the strongly refracting solution of 
thorium nitrate and the less refractive water. 

The flask was left for 168 days, and was then sealed to a Tépler 
pump, with a (J-tube, cooled with liquid air, interposed between 
the flask and the pump. On opening connexion to the pump, a 
white substance deposited in the[J-tube. As the presence of carbon 
dioxide was not suspected (the experiment having been made to 
test for helium), this white deposit was not investigated; there 
was, however, a suspicion that it might be carbon dioxide. The 
total volume of gas collected measured 3°523 c.c. ; it contained 0°061 
cc. of explosive mixture of hydrogen and oxygen. The residue was 
mixed with excess of oxygen, and the nitrogen removed by sparking 
in presence of caustic potash. The gas remaining was then intro- 
duced into a tube containing phosphorus, and the oxygen was 
removed. The minute residue was forced into a minute capillary 
vacuum-tube, and its spectrum examined. The tube was nearly 
phosphorescent ; I could not be certain, but I suspected that I saw 
the yellow line of helium. The flask was treated as before, and set 
aside for 250 days (June 6th, 1906, to February 11th, 1907). The 
gas then pumped off was analysed. Its volume was 5°750 c.c.; it 
contained 0°588 c.c. of carbon dioxide, absorbable by potash, and 
0017 c.c. of hydrogen plus oxygen; the residue, 5°145 c.c., was pure 
nitrogen. Here the volume of gas emitted from the thorium nitrate 
was nearly proportional to the time. Again, helium was sought 
for, but without definite result ; the yellow line was doubtful. 

After closing the flask as before, it was kept for 173 days, until 
August 3rd, 1907. The gas, on analysis, gave carbon dioxide, 
108 c.c.; hydrogen and oxygen, 0°02 c.c.; and nitrogen, 1°64 c.c.; 
the total volume was 2°74 c.c. The testing for helium was very 
satisfactory as regards manipulation, but the presence of the D, line 
was questionable. 

On August 14th, 1907, a control experiment was started, in 
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which a solution of 300 grams of mercuric nitrate, in the minimum 
quantity of water, was enclosed in a similar flask, pumped empty, 
and inverted. This salt was chosen because mercury is not supposed 
to be a radioactive metal, and because of the known oxidising 
qualities of mercuric nitrate. The gas withdrawn from this flask 
on March 30th, 1908, consisted of 0°015 c.c. of carbon dioxide, 
0°034 c.c. of oxygen, and 3°628 c.c. of nitrogen. That from the 
bulb with thorium nitrate contained 1°209 c.c. of carbon dioxide, 
0°016 c.c. of hydrogen and oxygen (H,+0,), and it left a residue 
of 1°321 c.c. of nitrogen. After sparking down, there was distinct 
evidence of a helium spectrum; that is, the D, line was observed, 
but the tube almost at once “ran out.” To make certain, however, 
of the production of helium from thorium, a larger quantity is 
evidently necessary. 

The next analysis was made on February 9th, 1909. It occurred 
to me that although the grease on the stopcock had been exposed 
to only a trace of liquid—that in the narrow capillary tube—still, 
carbon dioxide might have been produced in presence of thorium, | 
although the similar experiment with mercuric nitrate gave a 
practically negative result. To guard against this, a little metallic’ 
mercury was introduced, without letting in a trace of air. When 
the flask was inverted, the capillary tube was filled with mercury, 
which effectually protected the stopcock from contact with the 
thorium solution. On examining the flask on February 9th, 310 
days after the gas had been withdrawn, no bubbles could be detected 
between the stopcock and the mercury; had carbon dioxide risen 
from the grease, it must have been trapped there. 

The result of the presence of this mercury was unexpected. 
Instead of 3 or 4 c.c. of gas, no less than 180 c.c. were collected; 
analysis of a small portion showed that it was almost pure nitrogen. 
To extract the carbon dioxide, the whole of this gas was liquefied in 
a bulb cooled with liquid air, under a pressure of two atmospheres; 
and the nitrogen was allowed to boil away into a gas-holder. The 
residue in the bulb was collected separately. The process was 
repeated a second time. The first small portion of gas contained 
0°411 c.c. of carbon dioxide; the second, 0°103, in all 0°622 c.c. It 
is probable, however, that not all was then separated, for carbon 
dioxide has still a small vapour pressure at —185°. 

These experiments render it at least probable that thorium 
nitrate “ engenders ” carbon dioxide; or, in other words, that one of 
the degradation products of thorium is carbon. 

To test this question further, two quantities of thorium nitrate, 
carefully purified, were treated with radium-emanation, which had 
stood for some hours in a tube containing moist potash. It was 
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introduced rapidly into a bulb, and the only chance of contamination 
with carbon compounds was while it passed through a stopcock on 
its way to the bulb; the time of contact cannot have been a fraction 
of a second. A special experiment, to be described elsewhere, has 
shown that grease, in contact with emanation, yields, when oxygen 
is absent, nothing but pure hydrogen ; not a trace of carbon dioxide. 

The first quantity of thorium solution was charged with emanation 
on June 3rd, 1908; the bulb was opened, and the gas analysed, on 
November 18th. Nitric peroxide was present; it was removed by 
shaking with mercury, some pure oxygen having been added to 
combine with nitric oxide. The volume of the gas was then 5°579 
cc. No electrolytic gas was present, but 0°551 c.c. of carbon 
dioxide, 1°342 c.c. of oxygen, and 3°686 c.c. of nitrogen. The 
method of filling this bulb absolutely precluded entry of air at any 
time. The same solution in the same bulb was recharged with a 
much smaller quantity of emanation on November 20th; the bulb 
was opened on February 2nd, 1909. After removal of oxides of 
nitrogen with mercury as before, the volume was 1°789 c.c.; it 
contained 0°124 c.c. of carbon dioxide, 1°026 c.c. of oxygen, and 
0639 c.c. of nitrogen; there was no electrolytic gas. 

From these experiments it would appear that the action of radium 
emanation on thorium nitrate solutions is also attended with the 
formation of carbon dioxide. Thorium belongs to the same natural 
family as carbon; and experiments were next tried with another 
member of the same family, namely, zirconium. Two bulbs were 
therefore charged with an acid solution of zirconium nitrate, and 
each “dosed,” on August 19th and 26th, 1908, respectively, with 
the radium emanation from 0°2111 gram of radium as bromide, 
gathered during eight days. The gases were analysed as on the 
20th November. After oxides of nitrogen had been removed, the 
remaining samples had the following composition : 


I, II. 


Carbon dioxide 0°124 0°116 
»» monoxide 0002 0°008 
Nitrogen 0°456 0°762 
3°831 3°665 


There was no electrolytic gas. 

Having obtained carbon dioxide from zirconium nitrate, hydro- 
silicofluoric acid was similarly treated with the emanation of a 
week’s gathering from the same quantity of radium. The carbon 
dioxide from 10°2 c.c. of what was practically all electrolytic gas 
amounted to 0°106 c.c. I am much indebted to Mr. Usher for 
carrying out the analyses of these gases. 

To ascertain whether lead, too, yielded carbon dioxide, a bulb 
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was charged with an acid solution of lead chlorate, and dosed with 
emanation ; the bulb was set aside on December 18th, 1908; the 
gases were extracted and analysed on January 26th, 1909. The 
bulb contained a thick deposit of lead peroxide; the gas did not 
attack mercury, hence there was no free chlorine; it consisted 
wholly of oxygen, 5°192 c.c., and carbon dioxide, 0°007 c.c. The 
amount of the latter gas is here insignificant; and the experiment 
may be regarded as a blank one as regards the production of carbon 
dioxide. 

A similar experiment was made with bismuth perchlorate, 
obtained by dissolving bismuth oxychloride in excess of perchloric 
acid, and evaporating until the solution became syrupy, and until 
white fumes appeared. Some crystals deposited on cooling. The 
oxychloride was testing for nitrates and nitrites with brucine; none 
were present. The pressure in the bulb, on opening, was very high, 
due to formation of oxygen and chlorine. The total amount of 
carbon dioxide found was 0°150 c.c., and of oxygen about 48 c.c. 
Now, as the solution of bismuth perchlorate had been evaporated 
until fumes of perchloric acid were evolved, and as all carbon 
compounds—dust, etc.—must certainly have been oxidised, the 
formation of carbon dioxide appears certain. The mercury which 
had absorbed the chlorine was carefully tested for nitrates and 
nitrites, but with negative result; and no nitrogen was present in 
the gases produced. This may appear curious, for bismuth belongs 
to the nitrogen group; but in such matters it would be bold to 
predict. The fact that nitrogen was absent from the bulbs contain- 
ing bismuth and lead points to the absence of air, and inferentially 
also to its absence in the other experiments described. Indeed, it 
is certain that in all these experiments all gas was initially extracted 
from the solutions; and no gas entered during the subsequent 
manipulations. 

Much more might have been said regarding the special precautions 
taken. For example, a pump with a specially narrow fall-tube 
was employed; 1 cm. of its length contained about 1 cubic milli- 
metre. The exhaustion of the bulbs was carried so far that no 
appreciable bubble passed down the fall-tube; 1/100th cubic milli- 
metre could have been easily detected. Again, all vessels were 
washed out with hydrogen made by heating palladium-hydrogen in 
connexion with a pump ; tubes, explosion-burette, measuring-burette, 
etc., so as to avoid all posible source of contamination. In short, 
every precaution which could be thought of was taken to exclude 
all foreign gases. The emanation, besides, before it was introduced 
into the bulbs, had stood for several hours over moist potassium 
hydroxide; that treatment has been found repeatedly to exclude 
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all traces of carbon dioxide, for it has been tested for spectro- 
scopically and its absence conclusively proved. 

Such are the facts. Noone is better aware than I how insufficient 
the proof is. Many other experiments must be made before it can 
confidently be asserted that certain elements, when exposed to 
“concentrated energy,’ undergo degradation into carbon. 


The nature of the Presidential Address delivered to the Society 
on the occasion of its Anniversary Meeting has varied with the 
occupant of the Chair. Up to 1903, the custom has been for the 
President to adopt the Report of the Council, and to make any 
remarks on it which he deemed appropriate. In that year, Pro- 
fessor Emerson Reynolds made separate comments on the Report, 
and added to it certain observations dealing with the progress of 
chemistry. From the date of my admission to the Society in 1873 
up to 1887, when Dr. Hugo Miiller occupied the Chair, this was 
the uniform practice. It was broken by Sir William Crookes in 
1888, whose address treated of ‘“ Meta-Elements.”’ Professor 
Armstrong said in 1894: “It should be the duty of the occupant 
of this Chair to deliver a technical address’’; and I hold that he 
was right. The President of a Society like ours reaches office at 
an age when he may be expected to have accumulated valuable 
experience, which it is his privilege to bring to the notice of the 
Society. And on this conviction I have endeavoured to act. 

The history of the Society during the past year has been 
sufficiently given in the Report of the Council, to which I have 
nothing to add. I wish, however, in transferring office to my 
distinguished friend and colleague, Professor Dixon, to express my 
sense of the great honour which has been bestowed on me in the 
Presidentship of the Chemical Society; also to express regret for 
any shortcomings during my tenure of the office; I have 
endeavoured to do my best to promote the interests of the Society. 
In this I have to record my indebtedness to the Fellows for their 
uniformly courteous treatment of “the Chair”; to the Council of 
the Society for help and support in deliberations at meetings; and 
in especial degree to the officers of the Society, notably to the 
Secretaries, with whom the most cordial relations have always 
subsisted, and whose unfailing help in all matters connected with 
the Society I have to acknowledge with feelings of the warmest 
gratitude. 
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LXXVIII.—Contributions to the Chemistry of 
Cholesterol and Coprosterol. 


By Cuartes Dorke. 


Part I.—The Presence of a Second Unsaturated Linking in the 
Cholesterol Molecule. 


CHOLESTEROL, as is well known, behaves chemically as an un- 
saturated alcohol. It readily forms dihalogen additive products, 
and thus possesses certainly one double linking in the molecule. 
In this respect all the isomeric animal and vegetable cholesterols 
are similar to it (Dorée, Biochem. J., 1909, 4, 72), and from a 
physiological point of view the double linking is of importance, 
since it has been shown that the antitoxic function exerted by the 
naturally occurring cholesterols towards the hemolytic action of 
such poisons as saponin, is reduced to a minimum if the double 
linking be saturated or modified. The position of this double linking 
in the molecule has been shown by Windaus (Ber., 1906, 39, 
2008) and by Dorée and Gardner (Trans., 1908, 98, 1328) to be 
situated at the end of a side-chain of carbon atoms. In 1907 
Windaus (Ber., 1907, 40, 3681) by the reduction of phytosterol 
with sodium in amyl-alcoholic solution obtained a _ dihydro- 
phytosterol, which was, however, still unsaturated towards bromine. 
It appeared therefore that phytosterol, unlike cholesterol, contained 
two double linkings, one of which reacted with hydrogen, and the 
other with bromine. The use of ozone as a _ reagent for 
characterising the unsaturated linkings of organic compounds was 
first demonstrated by Harries (Annalen, 1906, 348, 311), and has 
recently been especially emphasised by Molinari (Ber., 1907, 40, 
4154; 1908, 41, 585), who considers the reaction with ozone to be 
better than any other for this purpose. According to Harries, 
unsaturated. compounds combine with ozone, each double bond 
becoming saturated by the addition of one molecule of ozone. 
Compounds such as aldehydes, ketones, and acids, which contain 
the carbonyl group, further unite with one atom of oxygen at each 
such grouping, and on treatment with water this is eliminated 
with the formation of hydrogen peroxide. The latter point, it 
may be mentioned, is disputed by Molinari, who considers the 
reactions for hydrogen peroxide obtained by Harries to be due 
to the presence of aldehydic and other substances. 

As the result of an examination of the action of ozone on 
phytosterol, Molinari found both by the determination of the 
amount of ozone &dded (the ozone number), and by analyses of 
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the ozonide obtained, that phytosterol forms a compound, 
Cy;HygO*Og, and therefore contains two unsaturated linkings in 
the molecule (Ber., 1908, 41, 2782). Cholesterol and the recently 
‘discovered bombicesterol were found to behave similarly towards 
ozone, and these substances would therefore appear to possess a 
second and previously unknown double linking in the molecule. 
That this might be the case had been previously pointed out by the 
author and J. A. Gardner (Joc. cit.), who found that the compound 
obtained by the prolonged action of ozone on cholestenone after 
repeated purification gave numbers on analysis which corresponded 
with the formula C,,H,,0°O,, that is, the correct oxygen content 
for a compound possessing two double bonds and a carbonyl group. 
Analyses of ozonides dried in a vacuum are for various reasons 
far from satisfactory. In the simple ozonides analysed by Harries 
and his co-workers, the carbon percentage is frequently one or 
more units too low, and in the case of cholesterol derivatives this 
difficulty would no doubt become still more apparent, since these 
compounds are notoriously difficult to burn successfully. The deter- 
mination of the ozone value in the cases examined by Molinari 
gave far more satisfactory results, but the method is extremely 
tedious, as the complete removal of the solvent in a vacuum 
requires from four to seven weeks. Molinari found, however, that 
the solvent could be most expeditiously removed by heating the 
ozonides in a vacuum at 60—65°, when, in the case of cholesterol 
and phytosterol, a constant weight was obtained in half an hour, 
and the ozonides were found to be stable up to a temperature little . 
short of 100°. It was thought, therefore, to be of interest to 
ascertain whether this method of studying the action of ozone 
could be extended to a number of cholesterol derivatives, with the 
ultimate object of throwing some light on the nature of the second 
double linking in these substances, and of explaining, if possible, 
some of the anomalies previously observed in connexion with the 
behaviour of apparently saturated or unsaturated derivatives of 
cholesterol towards bromine. For this purpose the action of ozone 
on the following compounds was examined. The schematic formule 
given have no great value, but represent the opinion at present 
held as to the structure of that part of the molecule of cholesterol 
which includes the first double linking, and illustrate the supposed 
relationship of the other derivatives to the mother substance: 


ee @-- =, 
a 2 CO,H CH, CH, 
CH:-OH CO,H CH-OH 


I, Cholesterol, CyH,,0: II." Acid, C,H,,0,. 11]. 8-Cholestanol, C,,H,,0. 
TT? 
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IV. a-Cholestanol, C,H,,0. 
(V) Coprosterol, C,,H,,O, and (VI) y-coprosterol, the relation- 
ships of which to cholesterol and to one another are unknown: 
the ketones corresponding with these alcohols, namely, (VII) 
cholestenone, C.,H,,0O, (VIII) A-cholestanone, C.,H,.O, and (IX) 
coprostanone, C,;H,,O, the ketone given both by coprosterol and 
y-coprosterol. 
EXPERIMENTAL, 


The ozone used in these experiments was prepared as follows: 
Oxygen from a cylinder was passed through concentrated sulphuric 
acid, and then through an ordinary tube ozoniser. A large spark 
coil was employed, which, when working steadily, required 1°5 to 
2 amperes at 4 volts. The ozonised oxygen, without any after 
treatment, was passed first through an empty flask, and then 
through absorption bottles containing the solutions to be ozonised. 
The solvent used throughout was purified chloroform. The ozonised 
gas was passed at the rate of from 5}, to 6 litres per hour, and 
was found to contain almost exactly one per cent. of its weight of 
ozone.* The solutions were not specially cooled, but the experi- 
ments were carried out in a very subdued light. In some cases, 
the chloroform was evaporated off in the ozone stream as recom- 
mended by Molinari; but in others this was found to be 
unsatisfactory. When saturated with ozone, the liquid was brought 
into a small, weighed distillation flask, the solvent distilled off 
in a vacuum, and the ozonide heated on a water-bath kept at a 
constant temperature, a high vacuum being maintained through- 
out. The flask was weighed at frequent intervals until no further 


loss occurred. 


Experiments with the Acid, CopHy,O,. 


This acid was prepared by the oxidation of cholesterol with potas 
ium hypobromite (Diels and Abderhalden, Ber., 1906, 36,3177). Its 
reactions, and especially its behaviour on oxidation, make it very 
probable that it is formed by the conversion of the CH,-CH’0H 
group of cholesterol into two carboxylic groups with opening of 
the ring. It would, therefore, still contain the unsaturated side 
chain of cholestérol, but in spite of this it is quite indifferent to 
bromine. The acid is almost completely insoluble in all the usual 


. “® Estimated by absorption of the ozone in a weighed quantity of olein (Molinsri). 
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solvents with the exception of glacial acetic acid, from which it 
was obtained in prisms melting at 290°. A quantity of the finely- 
powdered substance was suspended in chloroform, and submitted 
to the action of the ozonised oxygen. In a few hours the solution 
became perfectly clear, and it was apparent that a soluble ozonide 
had been formed. This clearing of the suspension marks a stage 
in the action of the ozone which was explained by the following 
results : 

(a) 0°9616 gram of the acid suspended in chloroform was treated 
with ozone until the whole of the substance had passed into 
solution. After evaporation of the solvent the pure white foam 
remaining was heated in a vacuum at 60°, and after one and a-half 
hours attained a constant weight. This weight was not altered 
after a further one hour at 60°, and one week in a vacuum: 

09616 added 0°1018 O,. Oxygen=10°6. 

C.,H,,0,°O, requires added oxygen=11°1 per cent. 

This ozonide was a light, white, friable substance. 

(b) In this case the acid was treated as before, the action being 
stopped as soon as the solution had become clear, but the solvent 
was removed by heating at 38° in a vacuum. At this temperature 
the weight diminished extremely slowly. At the end of one 
week’s heating the increase of weight was 16°3 per cent.; at the 
end of the next it had become 14°4 per cent. In three weeks the 
increase still amounted to 13 per cent., and in four weeks to 12°2 
per cent. ; after the end of the fifth week, no further loss occurred, 
and the weight became constant as follows: 

0°7026 added 0:0800 O,. Oxygen=11°4. 

C.,H,,0,°O, requires added oxygen=11°1 per cent. 

(c) The first effect of ozone on this acid, therefore, is to saturate 
one double linking, and in order to ascertain, if possible, whether 
this double linking was the one situated in the side-chain of the 
original cholesterol molecule, which should still be present in the 
acid, the action of water on the ozonide was studied. The ozonide 
was mixed with gas-free distilled water, and heated on a water- 
bath, while a slow current of air, purified by passage through a 
series of potash bulbs, was passed through the apparatus. The 
gases evolved were led into.a receiver, and then passed through 
a solution of baryta. An evolution of carbon dioxide was at once 
apparent, and a slow and steady decomposition of the ozonide 
took place, a considerable quantity of barium carbonate being 
ultimately produced. As previous experience with the ozonide of 
cholestenone had shown that the evolution of the carbon dioxide 
was not quantitative, no attempt was made to estimate the amount 
evolved in this case, but its recognition as one of the products 


642 DOREE: CONTRIBUTIONS TO THE 


of decomposition of the ozonide, C,;H,,0,°O3, shows that the ozone 
is attached at a terminal pair of carbon atoms. Harries has shown 
that on treatment of the ozonides of unsaturated compounds with 
water, rupture of the carbon chain takes place at the position of 
the double bond, with the formation of aldehydes or ketones and 
hydrogen peroxide, which frequently produce a further oxidation, 
as in this case. 

(d) In the next experiment, the prolonged action of ozone on 
the acid was examined. 0°9578 gram was treated for eighty hours 
with the ozonised gas, the chloroform being replaced as_ it 
evaporated. After a long time the clear solution began to appear 
turbid, a gelatinous skin formed on the surface, and drops of 
clear jelly were deposited on the sides. As it was not possible to 
remove these from the absorption bottle, the chloroform was 
distilled off, and the bottle and its contents heated at 65° in a 
vacuum. The loss of weight was very slow, but after ten hours 
became constant. The weight remained unaltered after a further 
period of two hours at 70°: 


0°9578 added 0°2432 O,. Oxygen=25°4. 

Cy,H,,0,°O, requires added oxygen=22°2; C.,H,,0,°O, requires 
25°9; Cy,H,,0,°O, requires 29°6 per cent. 

In the case of this acid, with two double linkings and two 
carbonyl groups, an addition of eight atoms of oxygen might be 
expected. The value found points rather to the addition of seven. 

The ozonide obtained in this experiment was a slightly brown, 
friable solid; in places where it had adhered to the vessel it 
appeared as a clear pale-brown glass. It was sparingly soluble in 
chloroform or benzene, but readily so in acetone. On treatment 
with water, carbon dioxide was evolved. During the heating with 
water, the fragrant odour previously noted with the ozonides of 
cholesterol and its derivatives (Trans., 1908, 93, 1328) was again 
observed. It was also apparent in a less degree during the evapora 
tion of the solvent, but diminished as the weight approximated to 
a constant quantity. 

(e) In this experiment, 0°7401 gram of the acid was ozonised as 
before. In six hours the solution had become clear, and the ozone 
stream was passed for 100 hours more. During the last few hours 
the white, gelatinous substance began to appear, and the action 
was then terminated. After removal of the solvent, the ozonide, 
which was pale brown, was placed in the dark in a vacuum at 38°. 
In twenty-four hours it had become distinctly brown, but no 
deepening of the colour was apparent during the next month. At 
the end of this time its weight had become constant, no appreciable 
loss occurring during the next eighteen days: 
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0°7401 added 0°2412 O,. Oxygen =32°5. 

Cy7H4,0,°O, requires added oxygen=29°6 per cent. 

As the result of these experiments, it would appear that the 
ozone attaches itself first to the reactive double linking of the 
side-chain, and that subsequently and very slowly addition of a 
molecule of ozone takes place at a second double linking, the 
position of which is unknown, with probably simultaneous addition 
of oxygen to the carbonyl groups. 


Experiments with Cholestenone. 


The ozonide of this ketone has already been investigated (Trans., 
1908, 98, 1328). By prolonged ‘ozonisation, purification by solution 
in ethyl acetate, and precipitation with light petroleum, a product 
was obtained which gave, on analysis, figures corresponding with 
the formula C,,H,,0°O;,, and pointing to the presence of two 
double linkings in the cholestenone molecule. The following 
experiments were now carried out: 

(2) 10133 grams of cholestenone (m. p. 81°) were ozonised for 
eighty hours, a perfectly clear solution being obtained. The 
resulting ozonide was a pure white foam, and was heated in a 
vacuum at 45—50°. After ten hours the weight became constant. 
The odour of orange oil, which was at first very prominent, 
gradually disappeared with the elimination of the solvent: 

1:0133 added 0°2905 O,. Oxygen = 28°67. 

C.7H,,0°O, requires added oxygen = 29°2 per cent. 

In appearance and properties, as well as in composition, this 
ozonide exactly resembled the one obtained as _ previously 
described. 

(>) 0°7350 gram of cholestenone was ozonised as in the preceding 
experiment, and for the same length of time, but after removal 
of the bulk of the solvent the ozonide was at once heated to 70°. 
After two hours the increase of weight. amounted to 23 per cent., 
and the ozonide appeared as a glassy, brown substance, filled with 
gas bubbles. In four hours more, the increase in weight was still 
20 per cent. The flask was then heated to 80°, and in six hours 
lost a further 6 milligrams, the weight then becoming constant: 

0°7350 added 0°1187 O,. Oxygen=16°15. 

C.7H,,O-O, requires added oxygen=16°7 per cent. 

The ozonide was now a smooth, brown, transparent glass. It 
was heated for two hours more at 80°, and half-an-hour at 90°, — 
without alteration in weight. On boiling for six hours with water 
in a stream of air, as previously described, a large quantity of 
carbon dioxide was evolved, and the bulk of the solid residue was 
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found to be insoluble in light petroleum, no doubt consisting, as 
previously shown, of the acid Cy,H,,.03. 

These results confirm those already described as a result of the 
study of the acid C,,H,,0,. In this case we have the ozonide 
C.,H,,0°O,;, stable at a low temperature, but decomposing on 
heating to the ozonide C,,H,,0°O,, in which the oxygen is attached 
to the reactive double linking of the side-chain. 


B-Cholestanol, Cy7H,,0. 


A method for the preparation of this substance has recently 
been given by Willstatter and Mayer (Ber., 1908, 41, 544), which 
leaves little doubt that it is the dihydrocholesterol corresponding 
with cholesterol dibromide (Formula III). The method consists 
in the direct reduction of cholesterol by hydrogen in the presence 
of platinum black. After some difficulty, a considerable quantity 
of the substance was prepared in this way. The substance did 
not decolorise a solution of bromine or a solution of permanganate 
when added to its solution in glacial . acetic acid. It was 
crystallised from ether, when it had [a]> + 27°4° in chloroform 
solution, and in melting point and chemical properties agreed 
exactly with the description given by Willstatter. 

0°9740 gram was submitted to the ozone stream for sixty hours. 
The solution remained clear, and after evaporation of the bulk 
of the solvent in a vacuum the residue was kept in a vacuum at 
38°. After three days the ozonide appeared as a very pale brown 
glass, the increase in weight amounting to 22 per cent. This 
gradually diminished until in three weeks the percentage increase 
was 17°5, and after five weeks the weight became constant: 

0°9740 added 0°1256 O,. Oxygen=12°9. 

C,,H,,0°O, requires added oxygen=12°4 per cent. 

This substance, therefore, would appear to contain only one 
double linking in the molecule, a result in accordance with the 
theory that cholesterol contains two such linkings, and that in 
B-cholestanol one of these has been saturated by hydrogen, leaving 
one which reacts only with ozone. 


B-Cholestanone. 


This substance was first prepared and analysed by Diels and 
Abderhalden (Ber., 1906, 39, 884), and found to possess the 
formula C,,H,,0, so that it would appear to be tlie simple ketone 
corresponding with the alcohol §-cholestanol. It was readily 
obtained for these experiments by oxidation of the alcohol with 
chromic acid at 50°, and after crystallisation from acetone gave 
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the correct melting point, 129°. As stated by Willstatter, the 
ketone rapidly decolorised a solution of bromine. 

0'5106 gram of the ketone was ozonised for seventy hours. The 
solution remained quite clear throughout. After removal of the 
bulk of the solvent, the ozonide was kept in a vacuum at 38°. After 
two days the percentage increase of weight amounted to 27°2, and 
the ozonide appeared as an opaque, white, friable foam, and not 
asa glass. This gradually lost weight, until at the end of three 
weeks a constant value was obtained. The ozonide was now 
slightly yellow, and had a faint odour of orange oil: 

05106 added 0°1280 O,. Oxygen =25°0. 

CyH,0°O, requires added oxygen=24°8; C,;H,,O°O, requires 
29°1 per cent. 

This ozone value points. to the presence of two unsaturated 
linkings in the molecule of B-cholestanone, whereas, from the 
behaviour of the parent substance, only one would have been 
expected. The carbonyl group also does not appear to have 
taken up an atom of oxygen—the normal process according to 
Harries’s observations. But he has also shown that in scme cases, 
for example, when the carbonyl group is situated between two 
carbon atoms each of which is connected by a double linking to 
other groups, the addition of oxygen to it does not take place. 
Thus the substance CMe,-CH-CO-CH:CMe, forms an ozonide 
by the addition of six, and not seven, atoms of oxygen. 


Coprosterol, C,,H,,0. 


This substance was formerly thought to be dihydrocholesterol, 
produced by the bacterial reduction of cholesterol in the human 
intestine. It is more probable, however, that the reactive side- 
chain of the cholesterol molecule becomes modified in scme way 
with elimination of the double linking, so that coprosterol behaves as 
a saturated alcohol. The specimen used was a very pure one of 
human origin, prepared by hydrolysis of the acetate. It had a 
melting point of 99—100° and [a]p + 24°. 

07938 gram was ozonised for fifty hours, the solvent being 
almost removed by the ozone stream. The solution remained clear 
throughout. After heating for one hour at 60°, the ozonide 
appeared as a clear, transparent glass full of gas bubbles, the 
increase of weight amounting to 15 per cent. After two further 
hours at 65°, the weight became constant: 

‘0°7938 added 0°0974.0,. Oxygen =12°27. 

C.7H,,0°O,: requires added. oxygen=12°36 per cent. 
This ozonide was a clear glassy substance, which was quite 
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unaffected after heating for several hours at 70°. On raising the 
temperature to 85°, however, decomposition set in, the glassy mass 
became full of gas bubbles, and a decided loss of weight took 
place. Prior to a constant weight being obtained, the fragrant 
odour previously mentioned was always observed on opening the 
flask, mingled in this case with a sharper odour, recalling that 
of isobutyric acid. The ozonide, after heating with water for four 
hours in a stream of air, evolved no carbon dioxide, but the 
fragrant odour was again noticed. 

The results obtained point to the presence of one double linking 
in the molecule of coprosterol, which probably corresponds with 
the second double linking in the cholesterol molecule. 


-Coprosterol. 


This substance is obtained by the action of sodium amyloxide on 
coprosterol, with which it is isomeric. On oxidation with chromic 
acid, it gives coprostanone (Trans., 1908, 91, 1625). The specimen 
used, after recrystallisation from acetone, melted at 118—119°. 

0°4588 gram was ozonised for fifty hours, at the end of which 
time traces of a gelatinous substance began to appear. The 
solution was pale yellow, and on evaporation left the ozonide as 
a pale brown glass. After heating in a vacuum for two hours at 
70°, the increase in weight amounted to 29 per cent. After twelve 
hours’ heating at this temperature, the weight became constant: 

0°4588 added 0°1156 O,. Oxygen=25°2. 
C,,H,gO°O, requires added oxygen=24°75 per cent. 

At the beginning of the heating, the same fragrant odour was 
again observed, ceasing as the weight became constant. On 
keeping the ozonide at 80° for three hours, a loss of only 0°002 
gram, or 0°4 per cent., in weight was observed. The ozonide, when 
boiled with water, evolved no carbon dioxide; the fragrant odour 
became very pronounced. 


Coprostanone, Co,H,,O. 


This ketone is obtained by the oxidation of coprosterol and 
y-coprosterol. On treatment with a chloroform solution of 
bromine, the bromine is instantly absorbed. The specimen used 
melted at 62—63°. 

0°6167 gram was ozonised for twenty-four hours, at the end of 
which time it appeared fully saturated. The solution remained 
clear. After removal of the solvent and heating in a vacuum for 
twelve hours at 50°, the increase of weight amounted to 35 pet 
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cent. At the end of a further ten hours at 65°, the weight became 
constant : 


0°6167 added 0°1802 O,. Oxygen=29°22. 
C.,H,,0°O, requires added oxygen=29°01 per cent. 


The ozonide was left as a transparent, homogeneous, pale brown 
glass. It lost no weight on further heating at 75° for two hours. 
The percentage of oxygen added corresponds exactly with that 
required for a ketone containing two unsaturated linkings. 


a-Cholestanol, Co,Hy,O (7). 


This alcohol was originally obtained by Diels and Abderhalden 
(loc. cit.) by the action of sodium in amyl-alcoholic solution on 
cholesterol. It behaved as a saturated compound, and was 
regarded as a reduction product of cholesterol. Later, Windaus 
(Ber., 1907, 40, 2637), in the course of some experiments carried 
out with the object of condensing the unsaturated side-chain of 
cholesterol to a new ring, found that on heating cholesterol with 
ready-formed sodium amyloxide, a-cholestanol was also produced. 
He considered it most probable, therefore, that a-cholestanol is 
not a reduced product, but an isomeric saturated cyclocholesterol 
(Formula IV). 

If the isomerising action of the sodium amyloxide is limited to 
a modification of the side-chain in this way, a-cholestanol should 
still retain the obscure double linking of the cholesterol molecule 
and form an ozonide. 

The specimen employed was prepared by Windaus’s method. 
It exhibited the characteristic melting-point phenomena described 
by Diels and Abderhalden. 

0°4473 gram was ozonised for twenty-four hours. After removal 
of the solvent, the residue had a crystalline appearance quite 
different from that of the other ozonides. After heating in a 
vacuum at 50° for half-an-hour, the weight became constant and 
equal to the original weight of substance taken. The residue was 
dissolved in acetone, from which it crystallised well, and the 
substance on heating in a capillary tube sintered at 118°, shrank 
at 124°, and melted to a clear liquid at 128—129°, agreeing exactly 
in these respects with the original substance. a-Cholestanol there- 
fore does not react with ozone, and would accordingly seem to 
contain no unsaturated linkings, so that the change brought 
about by the isomerising agent must have included that part of 
the molecule which contains the second double linking. If this 
is so, it was thought possible that the dibasic acid, Cy,;H,,O, 
(Formula II), might also be affected by sodium amyloxide, but on 
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heating five grams of the acid for eight hours with this reagent 
the whole of the acid was recovered unaltered. 


The Action of Bromine on B-Cholestanone and Coprostanone. 


The reaction with ozone just described points to the presence of 
two unsaturated linkings in these ketones, which are prepared from 
the corresponding alcohols by oxidation with chromic acid at 50°. 
The alcohols are indifferent to bromine, whereas the ketones 
rapidly absorb it. In the case of 8-cholestanone, an attempt was 
first made to determine approximately its bromine absorption by 
titration with an W/2-solution of bromine in chloroform. The 
addition of the first few c.c. of the bromine solution to a chloroform 
solution of the ketone produced a deep brown colour, which per- 
sisted for perhaps a minute and then suddenly disappeared. 
Subsequently the bromine was decolorised instantly, and the 
titration was continued until the brown tint persisted for twenty 
minutes. In this way, the bromine absorbed per molecule of 
ketone was found in two experiments to be 314 and 341 respec- 
tively; an absorption of 2Br, would require 320. During the 
course of the addition of the bromine solution, however, quantities 
of hydrogen bromide were evolved, so that, at any rate in part, 
a substitution of bromine must have taken place. The titrated 
solutions, which contained 0°5 gram of the ketone and still con- 
tained a slight excess of bromine, were at once evaporated to 
dryness at a gentle heat. The product obtained consisted of at 
least two substances. It dissolved sparingly in boiling light 
petroleum, and the solution on cooling deposited long, white needles 
(A). These were sparingly soluble in light petroleum and almost 
insoluble in alcohol. After re-crystallisation the compound melted 
and decomposed at 188°. The filtrate from A dried to a mass 
of long needles, which were very soluble in light petroleum, but 
more sparingly so in alcohol, from which the substance crystallised 
in small, white spherules. These melted at 139—140°, and showed 
no signs of decomposition (B). The alcoholic mother liquors from 


this deposited a considerable quantity of an amorphous, yellowish- - 


brown substance. The compounds A and B both gave a well- 
marked qualitative test for bromine, and to obtain them in quantity 
sufficient for analysis 5 grams of the ketone were treated in 
chloroform solution with twice the quantity of bromine required 
according to the above experiments, and the mixture kept for 
twenty-four hours. The action, however, in this case proceeded 
on different lines. The product obtained was a sticky, amorphous 
solid, very soluble in light petroleum or acetone, but insoluble in 
alcohol. After solution in acetone and precipitation by alcohol, 
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it was obtained colourless. It gave the test for bromine, but 
melted indefinitely between 85° and 95° without apparent decom- 
position. It no doubt consisted of a mixture of amorphous 
bromine compounds similar to those obtained by the action of 
bromine on cholesterol, and was not analysed. In the absence of 
further material, it was not possible to continue these experiments. 
It was found, however, that the ketone did not absorb iodine when 
treated with Hiibl’s iodine solution. Under the same conditions, 
cholesterol gave a correct iodine value. The double bonds revealed 
by the ozone test in this ketone are not therefore very reactive, 
and bromine would seem to act as a substituent. 


Coprostanone. 


This ketone, when treated with a chloroform solution of bromine, 
at once decolorised it, and the addition of the bromine was con- 
tinued until a permanent brown tint remained. Quantities of 
hydrogen bromide were evolved, so that in this case also sub- 
stitution occurs. The excess of bromine was, after a short time, 
removed by means of aqueous sulphurous acid, and after the 
separation of this the chloroform was removed at a low tem- 
perature. The product was purified by solution in acetone and 
precipitation with alcohol, by which means it was obtained colour- 
less. It was then dissolved in acetone, mixed with a little alcohol, 
and the solution allowed to evaporate at the ordinary temperature. 
In two days a crop of large, isolated prisms was obtained, which 
were very hard and gritty. After several re-crystallisations, the 
substance melted at 127—128° to a clear liquid, which only began 
to decompose at 150°: 

01447 gave 0°1013 AgBr. Br=29°8. 

C,,H,,OBr, requires Br=29°4 per cent. 

This result, taken in conjunction with the observed evolution 
of hydrogen bromide during the preparation and the fact that the 
ketone did not absorb iodine from Hiibl’s iodine solution, indicates 
that the action of bromine on coprostanone is to produce a dibromo- 
substitution derivative. The double bonds which react with ozone 
are indifferent therefore towards the action of bromine. 


The Ozonide of Phytosterol. 


In a recent paper (Trans., 1908, 98, 1928), Pickard and Yates 
have shown that phytosterol in all probability contains an 
unsaturated side-chain similar to that present in cholesterol. With 
the view of demonstrating this fact by a method similar to that 
previously employed in the case of cholesterol (Trans., 1908, 93, 
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1328), the ozonide of phytosterol was prepared. The phytostero] 
was obtained from wheat germ according to the instructions of 
Burian (Monatsh., 1897, 18, 551), and after crystallisation from 
ethyl acetate melted at 137°5°. After saturation with ozone in 
chloroform solution, the bulk of the solvent was evaporated, and 
the white residue at once heated with water in a current of air 
as already described. Carbon dioxide was evolved regularly and 
in considerable quantity, a decomposition which indicates that 
an unsaturated linking is present which is situated at the end of 
a side-chain of carbon atoms. 


Summary and Conclusions. 


1. The action of ozone on the cholesterol derivatives studied in 
the course of this investigation is exhibited in the following table: 


Ozonide. 
Cetenten, Cae) os icc sssncscansscrsavss 
Cholestenone, C,7H,,0 ......... 
Dibasic acid, Cy,H,,04 


B-Cholestanol, C,,H,,0 

B-Cholestanone, Cy,H4,0 

Coprosterol, Cy,H 4g 
w-Coprosterol, Co,HygO ..........0ceeeeee oe ‘ 
Coprostanone, Coz H gO ......... cc. cee eerees 
a-Cholestanol, Co,H gO 


All these compounds dissolve readily in ethyl acetate, and ars 
precipitated on the addition of light petroleum. 

2. The determination of the ozone value of these compounds 
has certainly led to results which do not disagree with the view 
that cholesterol may contain two unsaturated linkings, but in no 
case was the method of heating to 60° in a vacuum found to be so 
simple and expéditious as in the case of cholesterol and phytosterol. 
The reason for this is that the ozonides obtained are, for the most 
part, comparatively high melting substances, which, at the begin- 
ning of the heating, retain sufficient of the solvent to cause them 
to flow over the walls of the containing vessel, and they then 
solidify in the form of a hard, smooth glass. It is obvious that 
this glass, unless heated to its softening point, will still retain 
quantities of the heavy chloroform sufficient to invalidate any 
quantitative measurement; and if so heated the ozonide is itself 
liable to decompose with loss of oxygen. The ozonides examined, 
however, are on the whole very stable, and generally do not seem 
to be affected at temperatures below 80—85°. The fact that 
many of them became pale brown would seem to be due rather to 
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the action of the ozone than to that of heat. It was observed 
that where the action of the ozone had been very prolonged a 
yellow or brown product was always produced. Those ozonides, 
on the other hand, which were formed by the limited action of 
the ozone stream, as, for example, the acid ozonide, C,,H,,0,°O,, 
were pure white, and continued so during the heating to constant 
weight. 

3. If the action of ozone be regarded as a method for the 
recognition of unsaturated linkings in organic compounds which 
can be relied on when all others have led to negative results, and 
if the experimental facts as described above be accepted as correct, 
we are certainly justified in agreeing with the conclusion of 
Molinari that cholesterol contains in its molecule a second and 
previously unsuspected double linking. Thus cholesterol adds two 
molecules of ozone and therefore contains two such bonds; 
B-cholestanol, its dihydro-derivative, combines with one molecule of 
ozone, and therefore still contains one double bond; in the case 
of coprosterol, in which the unsaturated side-chain is probably not 
simply reduced, but also modified, one double linking is also shown 
tobe present. The behaviour of the acid C,,H,,O,, and less clearly 
that of cholestenone, moreover, throws some light on the mechanism 
of the action of ozone. In the case of the acid, which still contains 
the reactive unsaturated side-chain of the cholesterol molecule, but 
which has hitherto been found to behave chemically as a saturated 
compound, the first effect of ozone is to produce a mono-ozonide 
in which the molecule of ozone has attached itself at the position 
of the double linking situated in the side-chain. Then slowly and 
sluggishly ozone is absorbed until a compound, C,,H,,0,°Ox, is 
obtained, this number of oxygen atoms being that required 
theoretically (according to Harries) for a doubly unsaturated 
dibasic acid. “The behaviour of the ketones, 8-cholestanone and 
coprostanone, although definite, is somewhat unexpected. The 
ozone value appears to indicate that they each contain two 
unsaturated linkings, whereas the mother substances contain but 
one. The oxidation is effected smoothly at a low temperature, 
but apparently a second double linking is developed. This con- 
clusion is supported by the observed fact that the ketones 
absorbed bromine, but an examination has shown that the action 
of bromine is one of substitution, and in the case of coprostanone 
- dibromo-substitution derivative was obtained in a crystalline 
orm. 

3. The action of sodium amyloxide on both cholesterol and 
cholestenone results in the formation of the so-called a-cholestanol 
(compare Trans., 1908, 98, 1628). This derivative alone among 
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those examined did not react with oZone, and therefore, unlike the 
others, cannot be considered to contain an unsaturated linking. 
That the reagent used in its preparation has a reducing action is 
shown by Diels’s observation that cholestenone is likewise con. 
verted into a-cholestanol under the influence of sodium amyloxide, 
It may be therefore that the action of sodium amyloxide on 
cholesterol is not simply to produce a linking up of the unsaturated 
side-chain, but that the second double linking is simultaneously 
reduced. Here again, however, a contradiction is noticed, since 
B-cholestanol, which is, one must suppose from its original method 
of formation (Ber., 1906, 39, 884), stable towards sodium amyl- 
oxide, still forms a mono-ozonide. 

4. In this connexion it is of interest to recall the observations 
of Hausmann (Beitr. chem. Physiol. Path., 1905, 6, 567) and 
Abderhalden and Le Count (Zeitsch. exp. Path. Ther., 1905, 2, 
199), who have shown that the antitoxic action exhibited by the 
naturally occurring cholesterols towards hemolytic poisons such 
as saponin ceases if the hydroxyl group is esterified, and is reduced 
to a minimum if the double linking be saturated, as in cholesterol 
dichloride, or modified as in coprosterol and some other synthetic 
products similar to a-cholestanol. Windaus (Ber., 1909, 42, 238) 
has recently shown that this antitoxic effect is probably due to the 
ready formation of a compound between the saponin and 
cholesterol. Working with digitonin, he found that it formed 
crystalline compounds with cholesterol and phytosterol with the 
greatest ease; further, that the saturated B-cholestanol and 
coprosterol also combined, but that a-cholestanol, which still 
contains the hydroxyl group, formed no such compound. If it be 
assumed, as previously considered, that a double linking and 4 
hydroxyl group are necessary for the performance of the anti- 
hemolytic function, we have here an explanation ofthe fact that 
coprosterol has a feeble anti-hemolytic action towards saponin (due 
to the weak reactivity of the second double linking), and that 
a-cholestanol, which does not contain a double linking at all, has 
no power of combination with saponin, and could not therefore 
act as an antitoxin. 

5. Although there is thus good reason for the hypothesis that 
a second double linking is present in the cholesterol molecule, it 
must be said that in no case has there previously been any reason 
to infer the presence of such a linking from chemical considera 
tions. The exhaustive researches of Windaus (compare Arch. 
Pharm., 1908, 246, 117) have resulted in the following breaking 
down of the cholesterol molecule. The acid C,;H,,0, (I) has been 
converted into the tricarboxylic acid, C,;H,O, (II): 
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CO,H-CH,°C,.H3-(CO,H)*CH:CH,, Cx eH3;,(CO.H),, 
(L.) (II.) 
C7Ho9(CO,H),; 
(III.) 

and from the complex Cy,H,7 an itsoamyl group has been removed 
by oxidation, resulting in the formation of a tetrabasic acid, 
Cy,Hgj0, (IIT) (Ber., 1908, 41, 2566). All these changes have 
been exactly followed step by step, and require for their explana- 
tion only the presence of the original well-known double linking. 
The acid C,,HgOg again is extraordinarily stable under the most 
violent chemical treatment, and Windaus regards it as extremely 
improbable that it should contain double bonds. Especially con- 
sidering the sluggish manner in which the complete ozonisation of 
the cholesterol derivatives has been found to take place compared 
with the readiness with which the original double linking reacts, 
it may be, therefore, that the further action of ozone consists in 
the development of a bridge or cross linking, or the opening up 
of a polymethylene ring present in the cholesterol molecule. 


Part II.—The Reaction between Coprostanone and 
Phenylhydrazine. 


In a former paper (Trans., 1908, 98, 1629), in which the 
preparation and properties of coprostanone were described, this 
ketone was found to react readily with phenylhydrazine in glacial 
acetic acid solution, but the resulting compound gave numbers on 
analysis which differed widely from those of the anticipated 
phenylhydrazone, and pointed rather to a condensation having 
taken place with separation of ammonia. The compound has now 
been obtained in considerable quantity, and its properties have 
been further investigated. It is a pure white, crystalline substance 
readily soluble in ether, acetone, or chloroform, moderately so 
in benzene, and sparingly so in glacial acetic acid, light petroleum 
or alcohol. It melts at 191° without decomposition, and readily 
absorbs bromine in chloroform solution. 

It was shown originally by Drechsel (J. pr. Chem., 1888, [ii], 
88, 69) that cyclohexanonephenylhydrazone, when warmed with 
dilute mineral acids, was not resolved into cyclohexanone and 
phenylhydrazine, but instead evolved a molecule of ammonia with 
the formation of tetrahydrocarbazole. This reaction is obviously 
a special case of the indole synthesis from aldehyde- and ketone- 
phenylhydrazones described by Emil Fischer, but, unlike these, 
it is induced easily and without the use of energetic methods. 

This is ascribed by Borsche (Anmalen, 1908, 359, 49) to the fact 
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that the carbonyl group is present in a reduced ring, and in the 
course of a lengthy investigation (loc. cit.) he has shown generally 
that the phenylhydrazones of hydroaromatic ketones readily 
undergo this condensation when treated with dilute acids, with the 
formation of tetra- and hexa-hydrocarbazole compounds. The 
tetrahydro-derivatives can easily be reduced to hexahydro-com- 
pounds, and, on heating gently with lead oxide, hydrogen can be 
removed with the formation of carbazoles. 

A consideration of these facts makes it very probable that a 
similar change takes place even more easily in the case of 
coprostanone, and that the glacial acetic acid used as a solvent 
acts on the coprostanonephenylhydrazone at the moment of its 
formation with elimination of ammonia and the production of a 
coprosterylcarbazole, thus: 


C.,H,,O0 a C,H;-NH-NH, = CogHygN -+ NH, aa H,0. 


That this is the correct explanation will appear from the 
following : 

(i) The formula C,,H,,N corresponds very well with the analytical 
results previously published. The mean of five carbon and 
hydrogen determinations and three nitrogen estimations gave: 

C=865; H=10°9; N=3°5. 

Cy,3HyN requires C=86°3; H=10°7; N=3°05 per cent. 

(ii) The presence of ammonia in the acetic acid mother liquors 
of the various preparations was readily demonstrated. On treat- 
ment with alkali, the gas was evolved in quantity and was easily 
recognised. 

(iii) Coprosterylearbazole may accordingly be represented by the 
following schematic formula (I): 


N-NO 
C,H i 
> : Son, 


(II.) 


(iv) The imino-group was characterised by the formation of a 
nitroso-derivative (II). For this preparation 3 grams of the 
compound were dissolved in 25 c.c. of ether, and mixed with 
25 c.c. of acetic acid of sp. gr. 1:04. Six grams of solid potassium 
nitrite were then added to the cooled mixture. The originally 
colourless solution at once became deep yellow, and an orange 
yellow, crystalline solid separated, which was collected and washed 
with ether, in which it was quite insoluble. The yield was nearly 
quantitative. The mitroso-compound was of a bright orange 
colour, very soluble in benzene, but almost insoluble in acetone, 
alcohol or light petroleum. When crystallised several times from 
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a mixture of benzene and light petroleum it was obtained in short, 
stout rods or plates. On heating, it shrank and turned red at 
148°, and melted and decomposed at 158° to a dark red liquid: 


0'1479 gave 0°4401 CO, and 0°1271 H,O. C=81'15; H=9°55. 
01681 ,, 84 cc. N, (moist) at 757 mm. and 13°. N=5°88. 
Cs3HygON, requires C=81'15; H=9°84; N=5'74 per cent. 


For the determination of carbon and hydrogen, lead chromate 
and a silver spiral were used. For the nitrogen estimation, the sub- 
stance was mixed with cuprous chloride, as the previous estimations 
with the original substance gave high values for nitrogen. It was 
thought not impossible that this might be due to causes similar 
to those investigated by Haas (Trans., 1906, 89, 570), who found 
that bases containing the grouping: 


J NNHR 
: 9 


>) 


in which two methyl groups were attached to the same carbon atom, 
gave a certain amount of methane on combustion in the ordinary 
way. The presence of a similar arrangement in coprosterol is by 
no means improbable, as bacterial action in the intestine might 
conceivably convert the unsaturated side-chain of cholesterol into 


two methyl groupings, thus: 
>CH:CH:CH, + H, —> >C(CH,),. 


In conclusion, I wish to express my thanks to Professor Adolf 
Windaus, of Freiburg, for his great kindness and courtesy in 
sending me a quantity of the acid C,,H,,O0,, and explaining to 
me the improvements he has made in its method of preparation. 


The expenses of this investigation have been covered by a grant 
made by the Government Grant Committee of the Royal Society, 
for which I take this opportunity of expressing my thanks. 


PHYSIOLOGICAL LABORATORY, 
Lonpon UNIvERsITY, SourH KENSINGTON. 


MUIR: IODINE DIOXIDE. 


LXXIX—lIodine Diowide. 
By Marraew Moncrierr Partison Murr. 


Mitton, in 1844 (Ann. Chim. Phys., [iii], 12, 333), described the 
preparation of an oxide of iodine, to which he gave the formula 
I,0,, by the interaction of nitric acid and iodine, and also by the 
interaction of hot concentrated sulphuric acid and iodic acid, 
I shall embody the results of my examination of Millon’s second 
method for preparing the oxide in directions for the preparation of 
the compound. 

Preparation of Iodine Dioxide.—To about 60 grams of powdered 
iodic acid, in a platinum dish, about 200 grams of concentrated 
sulphuric acid are added, and the mixture is heated and stirred. 
When oxygen has been evolved freely for a few minutes, and the 
liquid is dark brownish-yellow, the flame is lowered, and as soon as 
the vapours show a slight violet tint, the heating is stopped. This 
part of the process occupies ten or fifteen minutes. After cooling, 
the dish is kept for five or six days over sulphuric acid. The 
liquid is then poured off from the yellow, crystalline crust which 
has formed, the solid is powdered, and the powder is washed by 
the help of a little of the liquid before poured off into a funnel 
stopped with glass-wool, and drained by the aid of the pump. 
The solid is now transferred to a dry, porous tile, and kept in a 
desiccator for about a week, the solid being occasionally removed, 
rubbed to a fine powder, and replaced on the tile. When it is 
found, by making a trial with a little of the solid, that shaking 
for a minute or so with a Very little cold water does not cause 
the separation of more than a minute quantity of iodine, the yellow 
solid is transferred to a funnel stopped with glass-wool, washed 
quickly with successive small quantities of cold water by the aid 
of the pump until the washings are free from sulphate (five or 
six washings generally suffice), and then with small quantities of 
absolute alcohol until the washings are quite colourless. The solid 
is then washed twice or thrice with dry ether, the washing liquid 
is removed as completely as possible by suction, the solid is placed 
on a porous tile which is kept over dry lime for a few days, and 
is then dried at 100°. 

Taking the reaction of preparation to be 2HIO,—H,O—O=I,0, 
about 30 per cent. of the theoretical yield of the dioxide can be 
obtained by working with moderate care. 

Analysis of Iodine Dioxide.—For the analysis of this compound, 
I used a modification of the process described by Chrétien, in 
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1898 (Ann. Chim, Phys., [vii], 15, 364), based on the fact that 
jodic anhydride reacts with an aqueous solution of oxalic acid 
in the presence of sulphuric acid at 100° to give carbon dioxide, 
water, and iodine. 

A flask of about 250 c.c. capacity was employed, into the neck 
of which was ground a glass stopper, carrying an entrance tube 
leading nearly to the bottom of the flask, and an exit tube; the 
exit tube was connected with two glass-stoppered bottles containing 
an aqueous solution of potassium iodide, and surrounded by cold 
water. A weighed quantity of the compound was placed in the 
flask, dilute sulphuric acid and a measured volume of normal 
oxalic acid solution were added, a stream of washed carbon 
dioxide was kept passing through the apparatus, and the contents 
of the flask were boiled until iodine had ceased to pass over with 
the steam and the liquid in the flask was colourless. The iodine 
was estimated by standard thiosulphate, and the residual oxalic 
acid by standard permanganate solution. 

The following are the percentages of iodine and oxygen found 
by this method. The specimens of iodine dioxide were prepared 
at different times; two of them were dried at 100°, the other two 
at 115°: 

Found: I = 80°97 81°29 80°39 80°96 Mean = 80°90 

O = 20°17 19°93 20°09 20°80 oa 20°25 
1,0, requires I=79°87 ; O=20°13 per cent. 

As the calculation assumes that the whole of the iodine of the 
compound is set free in the reaction, and that the oxygen which 
oxidises oxalic acid comes only from the compound, the results 
of the analyses demonstrate the accuracy of the equation: 

I,0,+ 4H,C,0, =I, + 4H,0 + 8CO,. 

Iodine dioxide reacts slowly with cold water, and quickly with 
hot water, to produce iodine and iodic acid. This reaction sug- 
gested another method for analysing the compound. A weighed 
quantity was boiled with water in a stream of washed hydrogen, 
the iodine was led into potassium iodide solution, and the iodic 
acid was estimated in the colourless liquid left in the flask by 
titration with standard sodium hydroxide solution, phenolphthalein 
being used as indicator. Assuming the reaction to be represented 
by the equation: 

51,0, + 4H,O = 8HIO; + I,, 
the percentage of iodine dioxide can be calculated (1) from the 
quantity of iodine set free, and (2) from the quantity of iodic 
acid produced. The following results were obtained: 

(1) From iodine: 98°88, 100°50 per cent. I,0,. (2) From iodic 
acid: 99°83, 100°19, 100°50 per cent. I,0,. 
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The results of the two sets of analyses show, I think, that the 
composition of the oxide is IO, (or I,0,). The results of the 
second series of analyses demonstrate the accuracy of the equation: 

51,0, + 4H,O = 8HIO; + I,. 

Properties and Reactions of Iodine Dioxide.—Iodine dioxide is 
a lemon-yellow solid; when allowed to separate slowly from its 
solution in hot concentrated sulphuric acid, it appears under the 
microscope as a mass of minute, pale yellow, crystalline rosettes, 
The compound is not hygroscopic. Specific gravity 4°2 at 10° 
referred to water at the same temperature. As the molecular 
weight of the compound has not been determined, the formula 
may be written either IO, or I,0,. Decomposition begins at about 
130°; the products are iodine and oxygen. 

Iodine dioxide is insoluble in, and is unacted on by, dry ether 
or glacial acetic acid; it dissolves very slowly and very slightly in 
monochloroacetic acid or acetone. When kept in contact with 
phenol, aniline, or pyridine, iodine is very gradually formed and 
dissolved, and a little iodine pentoxide is produced. Absolute 
alcohol reacts slowly with iodine dioxide ; iodine passes into solution, 
and iodine pentoxide remains. The reaction is so slow that a gram 
of the compound is not wholly changed until it has been kept 
in contact with alcohol for about four months. The compound 
is changed to iodine and iodic acid by the action of cold nitric 
acid, whether concentrated or dilute. When shaken with cold 
concentrated hydrochloric acid, chlorine is given off, and a yellow 
solution is formed; when the liquid is heated, much chlorine is 
produced ; there is no separation of iodine; the solution contains 
iodic acid and, probably, iodine chloride, but, after boiling with 
considerable excess of hydrochloric acid for some time, the iodic 
acid is entirely decomposed. 

The action of cold dilute sulphuric acid is slow; the final 
products are iodine and iodic acid. Boiling dilute sulphuric acid 
reacts in the same way as boiling water; the equation given on 
p- 657 was verified quantitatively, excess of dilute sulphuric acid 
being used. When iodine dioxide is slightly moistened with con- 
centrated sulphuric acid and left exposed to the air, iodine and 
iodic acid are gradually formed. Cold concentrated sulphuric acid 
(about 99 per cent. H,SO,) dissolves the compound slowly. I 
found that 100 c.c. of this acid dissolve 1°54 grams of iodine 
dioxide at 15—20°. Sulphuric acid of the concentration 
H,S0O,,H,O dissolves iodine dioxide more freely than 99 per cent. 
acid; a little iodine is produced and dissolved, and the solution 
contains some iodic acid. When the oxide is heated with con- 
centrated sulphuric acid, a little iodine is given off. 
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Fuming sulphuric acid dissolves iodine dioxide. When heated, 
the liquid becomes green, and then gradually yellow; no iodine 
is given off. On cooling, a yellow solid is deposited, which, after 
washing with alcohol and drying at 100°, was found to contain 
93 per cent. iodine dioxide mixed with a little iodine pentoxide. 
Therefore, fuming sulphuric acid dissolves iodine dioxide and 
oxidises some of it to pentoxide. No distinct evidence was obtained 
of the formation of compounds of iodine dioxide and sulphuric 
acid. 

Aqueous potassium hydroxide reacts with iodine dioxide to form 
potassium iodate and iodide in accordance with the equation: 

31,0,+ 6KOH = 5KIO,+ KI + 3H,0. 


The accuracy of this presentation of the reaction was proved by 
shaking a weighed quantity of the oxide with a measured volume, 
being a considerable excess, of standard potassium hydroxide 
solution, and determining the amount of alkali unacted on by 
titration with standard acid; also by adding a slight excess of 
nitric acid to a solution of the oxide in potassium hydroxide, 
precipitating by silver nitrate solution, adding more nitric acid, 
boiling, and weighing the silver iodide. The results of applying 
these methods were very fairly satisfactory. For instance, 1°1275 
grams of iodine dioxide were dissolved in 150 c.c. of V/5-potassium 
hydroxide solution; 112 c.c. of the potash solution remained 
unacted on; therefore, 38 c.c. of W/5-potash were used to react 
with the oxide, and this is equivalent to 1°2084 grams of I,0, if 
the equation given above is correct. In another experiment, 
01877 gram of the oxide was used, and 0°1846 gram was found. 
In another experiment, 0°0650 gram potassium iodide was found 
in the solution of 0°3754 gram iodine dioxide in potash, and the 
equation required that 0°0653 gram potassium iodide should have 
been produced. 

Interaction of Iodine Dioxide and Sulphur Trioxide.—A quantity 
of iodine dioxide, weighing 1°02 grams, was placed in a weighed 
/\-shaped tube; sulphur trioxide, prepared by heating fuming 
sulphuric acid, was passed into the tube, which was sealed off 
and weighed; the weight of sulphur trioxide added was 1°25 
grams. The ratio of the two oxides was nearly I,0,: 5S50;. The 
tube was heated to 80° for eight hours; excess of sulphur trioxide 
was then distilled off into the other limb of the tube; the tube 
was cut; that part of it which contained the solid matter was 
kept in a desiccator over lime for some days, and then weighed. 
The contents of the tube were washed out, and the tube was 
weighed. The weight of the solid matter in the tube was 1°789 
grams; hence the weight of sulphur trioxide which had combined 
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with 1:02 grams of iodine dioxide was 1°789—1:02=0°769 gram, 
The ratio 1°02: 0°769 is the same as 318: 239°7; that is to say, 
the results of this experiment point to the formation of the 
compound [,0,,3S8O, (ratio=318: 240). 

The following method was adopted as the result of many 
attempts to discover the most suitable conditions for the prepara- 
tion of a compound of iodine dioxide and sulphur trioxide. About 
20 grams of sulphur trioxide are distilled into a tube of good 
glass, about 300 mm. long, sealed at one end and narrowed near 
the other end; from 5 to 8 grams of iodine dioxide are shaken 
into the tube, which is then sealed. The tube is almost wholly 
immersed in water, in an upright position, and heated to 85—90° 
for about twenty-four hours until an apparently homogeneous, 
pale yellow solid is obtained, covered by a yellowish-green liquid. 
While still hot, the tube is reversed and allowed to drain for 
some time; the tube is now cut, and the portion which contains 
the yellow solid is at once placed in a wide tube and heated to 
90° in a slow stream of dried carbon dioxide until fumes of 
sulphur trioxide have almost ceased to appear, usually for about 
six hours. The solid in the tube is quickly powdered, and heated 
in dried carbon dioxide at 95—100° until sulphur trioxide 
has entirely ceased to be evolved. The solid is then quickly 
transferred to a weighing tube and kept in a desiccator. 

Analysis of the Compound of Iodine Dioxide and Sulphur Tri- 
oxide.—By dissolving the compound in dilute potassium hydroxide 
solution, reducing iodate to iodide by sulphur dioxide, removing 
excess of the latter by boiling, and precipitating silver iodide, 
after acidifying by nitric acid, the percentage of iodine found was 
47°15. The formation of a compound, I,0,,3SO,, was indicated by 
the experiment described in the last section; this formula requires 
I=45°52 per cent. The most concordant results were obtained 
by using Chrétien’s method (described on p. 657), namely, boiling 
with sulphuric acid and a measured volume of standard oxalic 
acid, leading the iodine into a solution of potassium iodide, and 
determining the amount of oxalic acid oxidised by the oxygen 
combined with iodine in the compound. 

The sulphur trioxide of the compound was determined by 
dissolving in hydrochloric acid, adding iron wire, warming for 
some time, and then precipitating by a solution of barium chloride 
(compare Kimmerer, J. pr. Chem., 1861, 83, 73). Complete 
analyses were made of two specimens of the compound, and partial 
analyses of four other specimens. The following percentage 
quantities of the components were found: 
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I = 44°25 47°22 41°55 41°05 Mean 43°51 
O 10°04 10°94 9°96 11°50 es 10°61 
SO, 45°20 41°27 40°98 43°12 ee 42°64 


1,0,,380, requires I=45°52 ; O=11°47 ; SO,=43°01 per cent. 
21,04,780,; 5,  1=42°47; O=10°70; S0,=46°83__,, 


The product of the reaction between the two oxides is very 
hygroscopic, and it is possible that more than one compound is 
formed in the reaction; these considerations account, in my 
opinion, for the discrepancies in the analytical data. The 
analyses prove, I think, that the formula I,0,,3SO, expresses the 
composition of the main, if not the only, product of the interaction 
which occurs when iodine dioxide and sulphur trioxide are heated 
together to 85—-90°, and the solid which is formed is heated to 
9}—100° in a stream of dried carbon dioxide until sulphur 
trioxide ceases to be evolved. This conclusion is strengthened by 
the results of weighing the quantities of the two oxides and the 
quantity of the compound formed by their union (see p. 660), and 
also by the estimation of iodine in the compound by precipitation 
as silver iodide (see p. 660). 

Properties and Reactions of the Compound I1,0,,3803.—The 
compound is a pale yellow solid; a specimen of it was unchanged 
after keeping in a corked tube in a desiccator for three months. 
When heated, iodine, oxygen, and sulphur trioxide begin to be 
evolved at about 120°; after heating to 190° for a few minutes, the 
residue contains a considerable quantity of sulphur trioxide. 
The compound is very hygroscopic; when exposed to the air for a 
short time, iodine separates, and after a day or two a white, 
crystalline solid is formed, which was proved to be iodic acid; a 
few yellow specks remained after exposure to the air of about 
half a gram of the compound for three months. When shaken 
with cold water, in very small quantities at a time, sulphur 
trioxide is removed, along with a little iodine, and iodine dioxide 
remains mixed with traces of iodic acid. The compound dissolves 
in a large quantity of cold water, the water becoming coloured 
by dissolved iodine; the solution contains iodic and sulphuric 
acids. When the compound is added slowly, in very small quan- 
tities at a time, to about twenty times its weight of absolute 
alcohol, cooled continuously by running water, almost the whole of 
it dissolves. forming a slightly yellow liquid, which becomes 
gradually more deeply coloured on standing; iodine and sulphur 
trioxide were found in the solution; after a few days a very small 
quantity of a yellow solid remained, which was proved to be 
iodine dioxide. Crystals of iodic acid were obtained by allowing 
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the solution in alcohol to evaporate at the ordinary temperature, 
Ether very slowly dissolves sulphur troxide from the compound, 
and, finally, leaves iodine dioxide. 

Compound of Iodine Pentoxide and Sulphur Triowride.—Ag 
Kammerer (J. pr. Chem., 1861, 88, 73) stated that a compound 
of iodine pentoxide and sulphur trioxide, to which he gave the 
formula 51,0;,80,, is formed by passing dried sulphur dioxide 
‘over iodine pentoxide at 100°, and as Weber (Ber., 1887, 20, 87) 
described a compound of the composition I,0;,3803, I thought it 
advisable to determine whether iodine pentoxide and sulphur 
trioxide combine when heated to 100°. About 5 grams of iodine 
pentoxide (I,0;) were heated in a sealed tube with about four 
times its weight of sulphur trioxide in the manner described on 
p. 660 for about twenty-four hours. When most of the excess of 
sulphur trioxide had been poured off, the residual solid was heated 
to 90° in a slow stream of dried carbon dioxide until sulphur 
trioxide ceased to be given off; it was then quickly powdered, and 
again heated to 100° in carbon dioxide so long as any traces of 
sulphur trioxide were evolved. A pale yellow, hygroscopic solid, 
closely resembling the compound I,0,,3S03, was thus obtained. 
The substance was analysed by the method described on p. 660. 

The following results were obtained : 


Found: I = 51°67 51°87 51°77 
O 17°18 15°69 16°43 
SO, = 32°16 33°89 33°02 


1,0;,2S0, requires 1=51°42 ; O=16°19 ; SO,=32°39 per cent. 


These results prove, I think, that a compound of iodine pentoxide 
and sulphur trioxide is formed by heating these compounds to 
about 100°, and make it very probable that the compound formed 
in my experiments had the composition I,0;,2SO0;. The formation 
and fair stability towards heat of the compounds I,0,,3SO, and 
1,0,,280, show that both of the oxides of iodine have slightly basic 
properties, and emphasise the connexion between iodine and 
manganese, elements which the periodic system of classification 
places in the same group. 
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LXXX.—isoAmygdalin and the Resolution of its Hepta- 
acetyl Derwative. 


By Frank Torin. 


Ir was shown by J. W. Walker (Trans., 1903, 83, 472) that, under 
certain conditions, amygdalin yields inactive mandelic acid on 
hydrolysis, instead of the levo-isomeride. If, for example, amygdalin 
be directly hydrolysed with concentrated hydrochloric acid, /-mandelic 
acid is formed, but if it be first hydrolysed to amygdalinic acid and 
the latter subsequently treated with hydrochloric acid, the resulting 
mandelic acid is optically inactive. Walker also demonstrated that 
the racemisation of the mandelic part of the molecule does not occur 
during hydrolysis, but that this takes place whenever amygdalin 
is dissolved in dilute solutions of an alkali. He concluded, therefore, 
that amygdalinic acid is partially racemic, but did not ascertain 
definitely the nature of the product formed by the action of dilute 
alkalis on amygdalin. 

The subject in question was studied more fully by H. D. Dakin 
(Trans., 1904, 85, 1512), whe showed that amygdalin, when treated 
with dilute aqueous alkalis, is converted into an optically isomeric 
product, which was designated tsoamygdalin. He confirmed the 
observation of Walker that amygdalinic acid, on hydrolysis, yields 
inactive mandelic acid, but found that the mandelic acid prepared by 
the acid hydrolysis of isoamygdalin always had a small dextro-rotation. 
These facts have also been confirmed by the present author. 

Dakin, however, considered it highly improbable that the pre- 
ponderance of d-mandelic acid yielded by isoamygdalin was due to the 
latter being “a mixture of i-mandelonitrile maltoside and d-mandelo- 
nitrile maltoside.” He, therefore, offered the explanation that it was 
due to the occurrence. of both racemisation and hydrolysis, the 
derivative of the d-mandelonitrile undergoing the latter change more 
rapidly than that of the /-nitrile. During the course of hydrolysis, 
therefore, the unchanged part of the material would contain a 
preponderance of the latter derivative, and this, he considers, would 
undergo some racemisation, the final result being the production 
of more d-mandelic acid than of its optical antipode. 

It appears to the present author, that of these two explanations, 
the one preferred by Dakin is not the correct one. When an optically 
active compound is completely racemised, the resulting optical 
antipodes are, of course, formed in equal proportions, but when one 
asymmetric carbon atom suffers racemisation in.a molecule containing 
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other asymmetric groups, which are stable, the latter may influence 
the relative proportions of the constituents of the resulting mixture, 
Thus it was shown by Barrowcliff (Trans., 1907, 91, 875) that the 
“ dextro-menthone”’ of Beckmann, formed from /-menthone by the 
racemisation of one of its asymmetric carbon atoms, contains 60 per 
cent. of /-menthone and 40 per cent. of d-isomenthone (compare Beck. 
mann, Ber., 1909, 42, 846). 

It therefore appeared probable to the present. author that Dakin’s 
isoamygdalin contains a slight preponderance of the bioside of d-man. 
delonitrile. Moreover, since it possessed such poor powers of crystal- 
lisation, and melted indefinitely at relatively so low a temperature 
(125—140°), it was concluded that it did not consist chiefly of a 
definite, partially racemic compound, but was merely a mixture of 
isomerides. It was considered probable, therefore, that isoamygdalin 
would be capable of separation into its components, namely, amygdalin 
and the corresponding derivative of d-mandelonitrile—which is un- 
known—provided that it could be fractionally crystallised. 

As, however, isoamygdalin itself cannot be fractionally crystallised 
in a satisfactory manner, its acetyl derivative has been selected as 
being a compound more suitable for effecting this resolution. 

isoAmygdalin was therefore acetylated, and from the resulting 
product there have been separated, without much difficulty, hepta- 
acetylamygdalin and the hepta-acetyl derivative of the unknown 
isomeride of amygdalin. It is proposed to designate the latter neo- 
amygdalin. Hepta-acetylneoamygdalin has [a], — 65-6° in chloroform, 
and forms long needles, melting at 174°. On hydrolysis with concen- 
trated hydrochloric acid it yields d-mandelic acid. All three varieties 
of mandelic acid may therefore be obtained from amygdalin. 

Caldwell and Courtauld (Trans., 1907, 91, 675) obtained from iso- 
amygdalin a product which they regarded as hepta-acetylisoamygdalin, 
although stating that its rotation differed but little from that of 
hepta-acetylamygdalin. Now, since amygdalin and isoamygdalin differ 
only stereochemically, and the biose radicle, which alone undergoes 
acetylation, is identical in both compounds, it follows that, if such a 
definite compound as hepta-acetylisoamygdalin existed, its rotation 
would bear approximately the same relation to that of isoamygdalin 
as the rotation of hepta-acetylamygdalin does to that of amygdalin. 
This conclusion is substantiated by the results recorded in the present 
paper. It is evident, therefore, that Caldwell and Courtauld’s 
“hepta-acetylisoamygdalin’’ was only somewhat impure hepta-acetyl- 
amygdalin, and, by obtaining it, they afforded proof that the resolution 
of hepta-acetylisoamygdalin was possible. 

It does not appear feasible to regenerate neoamygdalin from 
its acetyl derivative, for, when treated with alkalis the latter is 
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racemised, and when the acetyl groups are removed by mineral acids 
dextrose is also liberated. 


Ex PERIMENTAL. 


The amygdalin employed was obtained from Kahlbaum. After 
drying for a short time at 120°, it melted at about 220°, when heated 
samewhat rapidly. The temperature at which fusion occurs, however, 
depends entirely on the rate of heating: 

04054, made up to 20 c.c. with water, gave ap — 1°32’ in a 2-dem, 
tube, whence [a], — 37°8°, 

The material was twice recrystallised from dilute alcohol, and then 
dried for two hours at 120°, when the weight was constant, no 
appreciable change in colour occurring : 

04247, made up to 20 c.c. with water, gave ap — 1°37 5 in a 2-dem, 
tube, whence [a]). — 38°0°, 

The rotation of tsoamygdalin was determined by dissolving 0:4597 
of anhydrous amygdalin in 20 c.c,-of water containing a little ammonia, 
After standing overnight this solution gave a,—2°25' in a 2-dem. 
tube, whence ja], —52°6°. These values for the specific rotations of 
amygdalin and isoamygdalin, —38-0° and —52°6° respectively, are 
somewhat higher than those given by Caldwell and Courtauld (oc. cit.) 
for these substances (— 35°5° and —47-6° respectively), but the latter 
figures probably refer to the hydrated material. 

Before conducting experiments with hepta-acetylisoamygdalin, a 
quantity of amygdalin was acetylated for the purpose of comparison. 
It is stated by the above-mentioned authors that hydrated amygdalin 
may be completely acetylated by boiling it for two hours with ten 
times its weight of acetic anhydride, The following method of prepar- 
ing hepta-acetylamygdalin is, however, much more rapid and 
convenient, 

Amygdalin was heated with an excess of acetic anhydride, and a 
trace of d-camphorsulphonie acid added (A. Reychler, Bull. Soc. chim. 
Belg., 1907, 21, 428). A vigorous reaction then takes place and the 
mixture boils spontaneously, acetylation being complete in about one 
minute. The greater part of the anhydride was then removed by dis- 
tillation, and the residue diluted with about five times its volume of 
ether, Pure hepta-acetylamygdalin separates immediately, and the yield 
is almost quantitative. The product thus obtained melted at 166—167°, 
and, when recrystallised from alcohol, formed long, glistening needles : 

04074, make up to 20 c.c.: with chloroform, gave ap — 1°32’ in a 
2-dem. tube, whence [aly — 37°6°. 

04065, made. up to 20 ¢.c. with ethyl acetate, gave ap — 1°23’ in 
a 2-dem. tube, whence [a]p) — 34°U°. 
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Acetylation of isoAmygdalin. Separation of Hepta-acetylamygdalin, 


A few grams of amygdalin were dissolved in water, a little ammonia 
added, and the mixture allowed to stand overnight. The solution was 
then evaporated on the water-bath to a syrup, and the residue boiled 
for a short time with a large excess of acetic anhydride, a trace of 
d-camphorsulphonic acid having been added. After concentrating the 
solution to a small bulk, it was diluted with ether and cooled. As 
crystallisation did not begin quickly, this was initiated by means of a 
trace of hepta-acetylamygdalin. After about three hours the crystals 
were collected and washed with ether, when they melted at 159—160°, 
The yield was about 20 per cent. of that theoretically possible : 

0°3400, made up to 20 c.c. with chloroform, gave ap — 1°24’ in a 
2-dem. tube, whence [a], — 41°2°. 

After three crystallisations from alcohol the material melted at 
166—167°, and was evidently pure hepta-acetylamygdalin, since the 
melting point was not lowered on mixing with an authentic specimen 
of the latter. A determination of the specific rotatory power gave the 
the following result : 

0°4030, made up to 20 c.c. with chloroform, gave apy — 1°31’ in a 
2-dem. tube, whence [a], ~— 37°6°. 

The above experiments were repeated several times, and were always 
attended with a similar result. 


Separation of Hepta-acetylneoamygdalin. 


Twenty grams of amygdalin were converted into isoamygdalin by 
means of ammonia, and the product acetylated as described above. 
After removing the greater part of the anhydride by distillation, some 
alcohol was added, and the mixture largely diluted with ether. The 
solution was then brought into a separator and washed with water, 
when, as the alcohol was removed, a quantity of heavy, oily material 
was deposited from the ether, and was separated with the water. This 
oil became solid on standing, but the greater part of it could not be 
crystallised ; some hepta-acetylamygdalin was, however, separated from 
it. On keeping the ethereal solution overnight, a quantity (about 9 
grams) of crystalline material separated. This was recrystallised from 
alcohol, after which it melted at 168—172°, but when mixed with 
hepta-acetylamygdalin fusion occurred at 155—158°. The substance 
was evidently fully acetylated, for it was not changed by prolonged 
treatment with acetic anhydride : 

04027, made up to 20 c.c. with chloroform, gave a, — 2°34’ in a 
2-dem. tube, whence [a], — 63°7°. 
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By successive crystallisations from alcohol the melting point and 
rotation of this preparation were at first slowly raised, but after the 
fifth crystallisation no further change was effected. The compound then 
melted sharply at 174°, but when mixed with hepta-acetylamygdalin 
fusion occurred at 155—157° : 

01897 gave 03750 CO, and 0:0975 H,O. C=53°9; H=5°7. 

C,,H,,0,,N requires C=54°3 ; H=5'5 per cent. 

0:4422, made up to 20 cc. with chloroform, gave a) — 2°54’ in a 
2-dem. tube, whence [a]p — 65°6°. 

0:4436, made up to 20 c.c. with ethyl acetate, gave a) — 2°32’ in a 
2-dem. tube, whence [a]p) —57°1°. 

Hepta-acetylneoamygdalin crystallised in long, colourless needles, 
which are more slender than those yielded by hepta-acetylamygdalin. 
It is readily soluble in chloroform or ethyl acetate, but somewhat 
sparingly so in alcohol. 


Hydrolysis of Hepta-acetylneoamygdalin. Formation of 4d-Mandelic 
Acid. 


As the change from amygdalin to isoamygdalin involves the racemisa- 
tion of the mandelonitrile part of the molecule, neoamygdalin should 
yield d-mandelic acid on hydrolysis with concentrated hydrochloric 
acid, just as amygdalin yields the levo-isomeride. A quantity of 
hepta-acetylneoamygdalin was, therefore, boiled for three hours with a 
mixture of concentrated hydrochloric acid and alcohol. At the end of 
this time the solution, which had become very dark in colour, was 
treated with animal charcoal, after which it was extracted many times 
with ether. The residue obtained on removing the ether was 
crystallised from benzene, when highly lustrous leaflets were obtained 
which melted at 132—133°: 

01038, made up to 20 cc. with water, gave ay + 1°34’ in a 2-dem. 
tube, whence [a]p +151°1°. 

The above substance was evidently nearly pure d-mandelic acid. 
When mixed with /-mandelic acid prepared from amygdalin, i-mandelic 
acid (m. p. 118°) was obtained. 


isoAmygdalin and amygdalinic acid respectively consist of mixtures 
of stereoisomerides, but, for reasons stated in the introductory portion 
of this paper, it was concluded that the latter would not necessarily 
occur in equal proportions, In order to ascertain whether this was 
the case, each of the two compounds in question was hydrolysed by 
means of hydrochloric acid. It was then found, in agreement with the 
observations of Dakin (Joc. cit.), that. whilst the mandelic acid yielded 
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by amygdalinic acid was inactive, that obtained from isoamygdalin in. 
variably possessed a slight dextro-rotation. It appears, therefore, that 
amygdalinic acid consists of a mixture of equal proportions of the 
biosides of d- and /-mandelic acids respectively, whilst tsoamygdalin is 
a mixture of amygdalin and neoamygdalin, the latter slightly pre- 
dominating. The specific rotation of tsoamygdalin (—52°6°) must 
therefore be greater than the mean of the corresponding values for 
amygdalin and neoamygdalin, and consequently the latter compound, 
when anhydrous, will have a specific rotation somewhat less than 
— 67°0°. 
THE WELLCOME CHEMICAL RESEARCH LABORATORIES, 
Lonpon, E.C. 


LXXXI.—The Miscibility of the Pyridine Bases with 
Water and the Influence of a Critrcal-solution 
Point on the Shape of the Melting-point Curve. 


By Orto FLascHNER. 


A PpREvious investigation (Flaschner, Zettsch. physikal. Chem., 1908, 
62, 493; Flaschner and McEwen, Trans., 1908, 93, 1000) on the 
mutual solubility of some bases of the pyridine and piperidine series 
and water has shown that the introduction of a methyl group decreases 
the solubility. This influence is strongest when the methyl group is 
attached to the nitrogen atom; thus l-methylpiperidine has a lower 
critical-solution temperature of 48°3°,and the data point to the 
existence of an upper one of about 290°; 2-methylpiperidine forms 
with water a complete solubility ring between 79°3° and 227°. In the 
present paper the attempt to determine the solubility of the B- and y- 
substituted homologues is described. 

The physical properties of these substances as determined by 
previous observers are not in good agreement.  -Picoline is 
usually isolated from the mixture of pyridine bases as the frac- 
tion 143—146°, and is then converted into the mercury double 
salt, which is recrystallised. Ladenburg (Annalen, 1888, 247, 11) 
heated pyridine methiodide to 300° and fractionated the products 
of the reaction. -Picoline can be isolated in small quantities from 
bone oil or from the mixture obtained by heating glycerol with 
ammonium phosphate and phosphoric oxide (Ladenburg, Ber., 1890, 
23, 2688 ; Stéhr, J. pr. Chem., 1892, [ii], 45, 23), or ammonium sul- 
phate and sulphuric acid (Storch, Ber., 1886, 19, 2458). Marcuse and 
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Wolffenstein (Ber., 1899, 32, 2526) removed the a-picoline by converting 
it into its aldehyde condensation product. It is evident that there is 
no practicable method of synthesising one of the homologues, as these 
always occur mixed together, and cannot be completely separated, As 
will be pointed out later, the recrystallisation of the mercury double salt 
does not improve the purity of the product much, even if one employs 
the following strange method described by Constam and White (Amer. 
Chem. J., 1903, 29, 1): “On account of the number of impurities 
present, all of which form difficultly soluble chlorides with mercury, 
differing very little in point of solubility from that of the A-salt, the 
crystallisation had to be controlled by means of the magnifying glass, 
and only when an absolutely uniform product was obtained were we 
satisfied as to its purity.” I have now found that all these homologues 
are isomorphous, and therefore form mixed crystals, the composition 
of which even Constam and White could hardly detect by means of a 
lens, It seems far more advisable to adopt a process of purification 
by determining a physical constant. 

The initial material employed in this research was 800 grams of 
so-called B-picoline (Schuchardt). This was fractionated with a 
Young’s three-chamber “evaporator” fractionating column, fractions 
being collected between 126° and 160°, first at intervals of 1° and 


finally of 0:25° until further fractionation did not change the weights 
of the single fractions. This stage was reached after eight fractiona- 
tions. The main part distilled at the following temperatures : 


143°75—144°00° 144°75—145-00° 
144°00—144°25 ‘ 145°00—145°25 
14425—144°5 ' 145°25—145°5 
144°5 —144°75 ‘ 

The fractions 144-25° to 145:25° were again united and a part was 
transformed into the mercury double salt. This was recrystallised 
four times from water and then decomposed with potassium hydroxide. 
The free base was now fractionated. The mother liquors were united, 
the base set free, and fractionated as well. The result was that neither 
in the recrystallised product nor in the mother liquor was a substance 
of constant boiling point accumulated. It is therefore impossible to 
obtain a reasonable purification by employing the mercury salt, which 
hitherto has always been used in such cases. In view of the greater 
differences between the melting points of the zinc double salts, the 
attempt was now made to use these as a means of purification of the 
basic mixture. An amount of zinc chloride greater by one half than 
that required for the combination was dissolved in water, the solution 
filtered, and poured into a cooled solution of the base in water (1:5). 
The zinc salt was precipitated and recrystallised twice from alcohol. 
Water cannot be used, because it dissolves the salt sparingly and 
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causes loss by hydrolysing the salt at higher temperatures to a great 
extent. 

The recrystallised zinc salt was decomposed and the base fraction- 
ated. It boiled constantly at 145°05°. The base was again transformed 
into the zinc salt and recrystallised three times; it was then isolated 
and fractionated. It distilled completely at 145-08°, showing that the 
substance thus obtained was pure. 

The boiling point of y-picoline given by different observers varies 

tween 142°5° and 144°5°. It was concluded from the solubility in 
water that the substance obtained was y-picoline. The purity of the 
product is proved by (1) the constancy of its boiling point, and (2) the 
modified method of Crismer explained later on. 

The mother liquors of the zine salts contained apparently f-picoline 


Fie. 1. 
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J “ve 
90° * 0° 130° /go* 40° /go* 


and 2:6-lutidine. By a combination of fractional crystallisation of 
the zinc salt and fractional distillation of the free bases, I was able to 
separate two products. The first boiled at 143°2° and was very pro- 
bably 2: 6-lutidine. The second, which boiled at 143°9°, was present in 
greater quantity and was regarded as B-picoline. Although the purity 
of both substances was far from being so satisfactory as that of 
y-picoline, determinations of their solubilities were made in view of 
the fact that these are very nearly equal. 

The f- and y-picolines were reduced in alcoholic solution with sodium 
and the products were purified by fractionation. 

The solubility of these bases in water was determined by Alexéeff's 
method. In the case of the reduced bases, the operation was carried 
out in Jena-glass tubes. The percentage compositions of the mixtures 
by weight are as follows. 
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4-Methylpiperidine and Water (Fig. 1). 


Percentage Lower 
of solution- 
base. point. 
57°5 133°0° 
55°0 122°7 
49°4 106°9 
42°4 95°5 
36°2 88°8 
* Strong critical opalescence. 
+ Critical opalescence. 
marked in the diagram by small rings. 


Lower 
solution- 
point. 
85°9°F 
— 23°7 84°9* 
183°6 16°0 85°1T 

187°5 11°6 87°6 
189°5 * 8°9 94°2 


Upper Percentage 
solution- of 

point. base. 

168°5° 30°0 


Upper 
solution- 
point. 
188°8°+ 
186°2 
1780 
157°8 
146°0 


The points where critical opalescence was visible are 


The purity of the substance was tested by Crismer’s method, which 
consists in determining the critical-solution points of the first 


fraction : 
29°9 89°4° 


and the last fraction : 
297 86°5° 


184°5° 


187°6° 


Fie. 2. 


Considering that with the small amount of 4-methylpiperidine 
(b. p. 126°) available a complete separation from picoline (b. p. 145-08°) 
is impossible, the result of the test is satisfactory. Using larger 
quantities, however, it might be worth while precipitating the picoline 
with mercuric chloride in order to separate it from the reduced base. 


B-Picoline and Water. 


Upper Percentage 
solution- of 

point. picoline. point. 

133°3° 26°4 49°4°* 

146°5 16°4 54°5 

151°0* 12°77 61°0 

152°0 9°7 homogeneous. 
* Critical opalescence. 


Lower 
solution- 


Percentage Lower 
of solution- 

picoline, point. 
59°7 83°5° 
52°3 63°3 
42°3 53°7 
35°5 51°4* 


These numbers are shown in Fig. 2 by the narrower ring. 
xx 2 


Upper 
solution- 
point. 
152°5° 
140°0 
125°7 


Percentage 
of 3-methyl- 
piperidine. 
74°8 
7071 
58°2 
50°5 
38°1 
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3-Methylpiperidine and Water. 


Lower 
solution- 
point. 
142°2° 
115°0 
82-0 
69°8 
59°9 


Upper 


solution- 


point. 
184°0° 
204°0 
226°5 
232°0 
234°0 


Percentage 


| of 3-methyl- 


| 


piperidine. 
29°2 
19°2 
9°9 

4°8 


Represented by the wide ring in Fig. 2. 


Percentage 
of 

2 : 6-lutidine, 
79°1 
66°9 
54°8 
46°4 
40°6 


Lower 
solution- 
point. 
homogeneous. 
59°3 
50°2 
47°7 


Upper 
point. 


130°5° 
157°0 

161°6* 
163°4* 


solution- 


2 :6-Lutidine and Water 
Percentage 


of 


2: 6-lutidine. 


33°8 
272 
18°1 
12°1 

9°5 


Lower 


solution- 


point. 
57°5° 
56°9 
58°1 
80°0 


Lower 


solution- 


point. 
45°4°* 
45°3 
48°1 
57°7 
74°5 


Upper 
solution- 
point, 
235°0° 
228°5 
197°0 
1430 


Upper 


solution- 


point. 
164°9° 
164°0 
153°5 
132°7 
105°0 


* Critical opalescence. 
’ 


First fraction : 


30°2 49°3° 162°7° 


Last fraction : 
28°7 


The lutidine boiled at 143°2°. As can be seen from the last figures, 
it was contaminated with substances of lower and higher boiling points 
respectively, both of which are more soluble than itself, namely, a- and 
B-picoline. The miscibility of 2: 6-lutidine with water is represented 
by a closed curve with a lower critical temperature of about 45° and 
an upper one of 163°5. As it does not differ in shape from the other 
ones, no diagram is given. 

Discussing the question how the solubility is influenced by chemical 
constitution, one can only expect regularities if one does not depend 
on the accidental position of the temperature of experiment. This is 
avoided by determining the mutual solubility as far as the critical- 
solution point. The distance between the lower and upper critical- 
solution points, that is, the width of the solubility ring, gives 4 
comparable measure of the miscibility of two liquids. Of course it 
will often occur that the lower critical-solution point cannot be 
reached on account of the appearance of a solid phase, whilst the 
upper critical-solution point may lay higher than the critical-evapora- 
tion point of one or other of the liquid layers (Biichner, Zeitsch. 
physikal. Chem., 1906, 56,267 ; Kuenen and Robson, Zeitsch. physikal. 
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Chem., 1894, 28, 345). Addition of a third substance affords a means 
of bringing the critical solution-temperature into a region, where it 
can be measured. By extrapolating, we can easily determine the 
critical-solution temperature of the pure substance, which is otherwise 
not accessible. On the other hand, it will often occur that the mutual 
solubility of two liquids at all temperatures is complete. What is the 
measure for the miscibility of such liquids? 

Timmermans has recently published a paper (Bull. Soc. chim. Belg., 
1909, 23, 129) in which he again draws attention to the influence of 
the external pressure on the critical-solution point, and concludes that 
two partially miscible liquids, when exposed to a certain pressure, will 
become completely miscible. Timmérmans calls this point in the 
pressure-concentration-temperature diagram, according to Biichner’s 
nomenclature, a terminal critical-solution point (kritischer Lisungs- 


* endpunkt). If we consider the mutual solubility in the neighbourhood 


of such a terminal critical point, we see that increase of pressure will 
cause a rise of the lower and a fall of the upper critical-solution point, 
that is, shrinking of the solubility ring. The following cases have 
hitherto been observed: Kuenen (Phil. Mag., 1903, [vi], 6, 637) 
found that between 1 and 100 atmospheres an increase of pressure of 
l atmosphere depresses the upper critical-solution point of the system 
propane—methyl alcohol by 0°044° and raises the lower critical-solution 
temperature of the system triethylamine-water by 0°021°. By study- 
ing the influence of increasing pressure on a system with very small 
solubility ring, as, for example, 4-methylpiperidine and water, one 
could determine the alteration of both critical-solution temperatures 
on the same system. The solubility ring of such a system is only 
the section of the p,c,¢ diagram, for p,.=1 atm. If we increase 
the pressure, we reach a certain point—the terminal critical-solution 
point—where the upper and lower critical-solution temperatures 
become identical, that is, the solubility ring shrinks to a single point 
which is completely determined with regard to pressure, temperature, 
and concentration. At that point the system becomes completely 
miscible. By further increasing the pressure, we are not able to 
detect any difference in the miscibility, which has already become 
complete. A pair of completely miscible liquids, such as y-picoline 
and water, shows at normal pressure the same behaviour as 4-methy]- 
piperidine and water when exposed to a pressure slightly higher than 
the terminal pressure. If we now relieve this pressure, or if we exert 
 hegative pressure, opalescence will be observed, owing to the 
formation of two liquid phases. This diminution of pressure, which 
may be called the “separation pressure” (Entmischungsdruck), is 
characteristic of the miscibility of a pair of liquids which are com- 
pletely miscible under normal pressure. The separation-pressure of 
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the system pyridine—water is far greater than that of the system 
y-picoline—water. In the majority of cases, however, it will prove 
impossible to reach a sufficiently high negative pressure to cause 
separation. It is therefore necessary to introduce into our definition 
‘of the “separation pressure” a magnitude which can easily be 
determined experimentally. Such a one is the concentration of a 
third substance added to the system. Timmermans (Zettsch. physikal, 
Chem., 1907, 58, 129) has studied the influence of added substances 
on the critical-solution point, and has found that substances soluble 
to the same extent in both liquids increase the mutual solubility, that 
is, they have the same effect as increased pressure in the example 
given above. Substances soluble only in one of the two liquids 
decrease the mutual solubility, that is, they act like decreased pres- 
sure. Tammann has pointed out that liquids exposed to an external 
pressure show an analogous behaviour to solutions, that is, liquids 
the internal pressure of which is increased by dissolving in them a 
second substance. Tammann (“ Beziehungen zwischen den inneren 
Kraften, etc.,” p. 183) himself drew attention to the fact that a gas may 
be expelled from a liquid by dissolving a salt in it. Ritzel (Zettsch. 
physikal. Chem., 1907, 60, 319) has shown that the solubility of an 
indifferent gas in organic solvents is directly proportional to the 
compressibility of tke liquid. But since the compressibility of 
solution of salts is smaller than that of the solvent, a less solubility 
of the gas is to be expected. Similar considerations follow if one 
employs, instead of a gas, a second liquid, which does not dissolve the 
salt added. A salt dissolved in a mixture of two liquids will therefore 
cause an increase of the internal pressure of the one liquid and s0 
force the other out, that is, it will have the same effect as exerting an 
external pressure by means of a semipermeable pressure piston, or in 
the case discussed above, as a decrease of external pressure. A salt 
which is equally soluble in both liquids will increase the mutual 
attraction of the liquid molecules, that is, it will increase the mutual 
solubility or have the same effect as increase of the pressure in the 
above case. 

There are systems known in which an increased pressure raises the 
upper critical-solution point (van der Lee, Zettsch. physikal. Chem., 
1900, 33, 622 ; Kuenen, Joc. cit.). They are very far from the terminal 
critical pressure—if they belong to the same class of systems at all— 
_ and are not included in the above considerations. 

As there is such a close connexion between the influence of 4 
dissolved third substance and that of external pressure, it may be 
sufficient to determine the numerical relation between small pressures 
and dissolved substances, and then to carry on the experiments with 
the latter until separation into two liquid layers takes place. The 
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concentration of a salt (or third substance) which just effects liquid 
separation in the critical region at normal pressure corresponds with 
the “separation pressure” and may be called “separation concentra- 
tion.” 

For practical purposes of comparison it may be more convenient, in- 
stead of using the term separation concentration, to speak of the width 
of that solubility ring which, starting from the terminal critical point, is 
reached by the same concentration of salt as the terminal point itself. 
This ring may be called the “characteristic negative ring,’ because it 
lies as far behind the terminal critical point as the normal pressure 
lies in front of it. The characteristic negative ring is thus the ring 
which shrinks into a single point under the separation pressure. Such 
negative rings afford a comparable measure for the miscibility of 
completely miscible liquids. 

For the experimental determination of the characteristic negative 
ring, it is in the first place necessary to salt out different mixtures of 
the two liquids and select that concentration as critical which is 
accompanied by the strongest critical opalescence. Then one deter- 
mines for that special concentration the lower and upper critical- 
solution temperature, adding two or three different quantities of salt, 
and connects these points in a ¢,¢ diagram by a parabolic curve. The 
concentration which corresponds with the vertex; of the curve is the 
separation concentration. The solubility ring which is obtained when 
the concentration is twice as great as the separation concentration is 
the characteristic negative solubility ring. 

Values for the negative rings of some pairs of completely miscible 
liquids will now be given. 


Pyridine and Water.* 


The critical concentration was first determined and was found to be 
about 34°6 per cent. of the base. A solution of this strength shows 
a strong critical opalescence in the neighbourhood of the upper and 
lower critical-solution points if a salt like potassium chloride is 
added. 

Percentage of Lower critical-solution Upper critical-solution 
potassium chloride. point. point. 
8-9 93°0° 130°0° 
10°2 59°4 180°4 

If one therefore adds to an aqueous solution containing 34°6 per cent. 
of pyridine 8°7 per cent. of potassium chloride, one just reaches the 
limit where the two liquids become miscible in all proportions, and, on 
the other hand, a further trace of salt effects separation into two 


* Tam indebted te Mr. Rankin for making this determination. 


676 FLASCHNER: THE MISCIBILITY OF THE 


layers. The characteristic ring corresponding with 17°4 per cent. of 
potassium chloride in this case can only be extrapolated and is about 


340°, 
Piperidine and Water. 


The critical concentration is about 33:3 per cent. of the base. The 
negative ring had previously (Zeitsch. physikal. Chem., 1908, 62, 494) 
been determined on the assumption that the change of the critical- 
solution temperature is proportional to the amount of salt added, 
As this is not correct in the immediate neighbourhood of the terminal 
point, the ring had to be recalculated. 


Percentage of 
potassium chloride. 
3°7 Homogeneous solution. 
3°9 155°2° 200° 
50 123°5 258 
The separation concentration is 3°75 per cent. of potassium chloride ; 


the characteristic ring about 240° (90—330). 


a-Picoline and Water. 
The critical concentration is 29°6 per cent. of the base. 


Percentage of 
potassium chloride. 
0° 104°0° 112°7° 
1° 84°4 131°7 
Es 68°8 155°4 


The separation concentration is 0°56 per cent. of potassium chloride; 
the characteristic ring corresponding with 1°12 per cent. of potassium 
chloride lies between 77°5° and 142°, and has thus a width of 64°5° 
See Fig. 3. 

. y-Picoline and Water. 


The critical concentration is 31 per cent. of the base. 


Percentage of 
potassium chloride. 
Homogeneous solution. 
65°8° 100°6° 
47°3 126°1 
37°3 143°0 


These numbers are shown in Fig. 4. 

The terminal critical point is 82°5°, corresponding with 0°86 per 
cent. of potassium chloride. The characteristic ring lies between 
43° and 133°5°, and has thus a width of 90°5°, 
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The Modified Method of Crismer. 


Crismer’s method for testing the purity of a liquid consists in the 
determination of the critical-solution point of the single fractions. 
The general use of this method has hitherto been limited for lack of a 
second liquid, which gives with the liquid to be tested an easily 
accessible critical-solution point. The difficulty may be overcome by 
employing solutions instead of pure liquids. In the present case, the 
purity of y-picoline was examined. The critical concentration of the 


Fie 4. 


middle fraction was first determined by observing the strength of the 
critical opalescence, and was found to be 31 per cent. of the base. The 
shape of the critical zone was next determined in the manner 
described, and was marked in Fig. 4 by points. Then two points of 
the critical zone were determined, employing the first fraction as 
one liquid, and an aqueous solution of potassium chloride as the 


other. 
Percentage of 
potassium chloride. 
0°0 Homogeneous solution. 
11 57°4° ii" 
2:1 37°8 142°2 
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In the same way, two points with the last fraction were 


determined : 
1-04 62°8° 103-9° 
2°16 37°6 142°8 
The points of the first fraction are marked in the figure as small 
rings, the points of the last fraction as ©. If the liquid is quite pure, 
all these points must lie on the same curve. It can be seen from the 
figure that the y-picoline was of a high degree of purity. 
The method is also available for a pair of liquids which are too 
little miscible at the ordinary temperature if one adds a third 
substance which is almost equally soluble in both liquids. 


Nitrosopiperidine and Water. 


As nitrosopiperidine can easily be obtained, I determined its 
solubility with water. 


Percentage Upper Lower | Percentage Upper Lower 
of nitroso- solution- solution- of nitroso- solution- solution- 
piperidine. point. point. piperidine. point. point. 

94°6 31°5° — 43°3 150°3° 

85°9 103°5 _— 38°5 150°3 

75°6 133°4 30°1 148°0 

67°0 143°5 — 22°7 141°5 

58°9 147°7 — 15°2 124°0 

51°9 149°3 — 8°1 73°5 14°5° 


The upper critical-solution temperature is 150°3°; the critical con- 
centration 43 per cent. ; the centre of the solubility ring is about 15°. 
Introduction of a nitroso-group attached to the basic nitrogen atom 
greatly decreases the solubility. 

The results obtained are collected below : 


Per cent. 


KCl. 


negative ring, 340°0° Separation concentration 87 
9° " 9 9? 0°56 


ng, 103°0 —- _ 

negative ring, 90°5 Separation concentration 0°86 

Piperidine + water a », 240°0 x - 3°75 

1-Methylpiperidine + water. positive ring, 242°0 _— = 

2-Methylpiperidine + water. a >, 148°0 — = 

3-Methylpiperidine + water. Pe w 2G8 _ = 

4-Methy] piperidine + water. 99 », 104°6 — = 
A convenient survey of the mutual solubilities of different members 
of a homologous series can be obtained if one determines first for one 
homologue, as, for example, y-picoline and water, the critical zone by 
adding different amounts of a third salt. It is convenient to take a 
homologue which requires a very small separation concentration of 
salt. Now, in the vertex of the parabolic curve, the mirror of that 
curve is constructed as shown in Fig. 5. In the left part of the mirror 
the homologues with a negative solubility ring are drawn as ordinates 
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at such a distance from the vertex as the separating concentration indi- 
cates. In the right part of the mirror the width of the solubility 
rings are drawn at such a distance that they just fit the curve. The 
distances between these lines are differences in concentration of the 
third substance, and can easily be expressed in atmospheres of external 
pressure if the ratio is known. They are a direct measure of the 
mutual solubility of the members of the homologous series. The 
method is so far not quite correct, as the centres of the different rings 
are often shifted. 
Fie. 5. 
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From Fig. 5 it is evident that the methyl group has the greatest 
influence when attached to the nitrogen, then follow the 2-, 3-, and 4- 
positions in the series of pyridines and their reduction products. 
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The Melting-point Curve in the Neighbourhood of a Critical-solution 
Point. 


In the majority of cases the shape of the melting-point curve is 
well expressed by the equation (van’t Hoff, Kongl. Svenska Akad. 
Handl., 1886, 21, 17; Le Chatelier, Compt. rend., 1885, 100, 441 ; 
T. Schréder, Zeitsch. physikal Chem., 1893, 11, 449): 

dinn _ Q 
ar = RT” 
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n expressing the volume concentration and Q the heat of solution, 
This equation does not show an inflexion point. A more general 
equation is deduced by Rothmund (Lés/ichkeit, p. 50), following van der 
Waals : 
dine aes Q 
sel RT%(1 ~«)(“) 
de 


T 


where c means the mass solubility and p the vapour pressure. By this 
equation we can discuss the results found in the present case. If = 


is very small, then = becomes very large, that is, the melting- 


=0, the melting-point 


point curve will ascend very steeply. If “= 


c 


curve at that point is vertical. If boa becomes positive, the con- 
c 


centration will decrease if the temperature rises. In reality the 
partial pressure cannot rise when the concentration of an added 
substance increases. Also, the vapour pressure of a gas cannot 
decrease when the volume decreases. But as in the latter case 
condensation takes place, so in the former, separation of a second 
liquid layer will be observed. Van Laar (Zeitsch. physikal. Chem., 
1908, 63, 216), employing the idea of thermodynamical potential, 
has deduced a quite general formula which embraces a_ region 
of solid as well as liquid separation. In all the cases, however, 
where liquid separation into two layers is observed, the range of 
miscibility in the solid phases is exceedingly small and, as in our case, 
practically vanishes. Van Laar (Zeitsch. physikal.Chem., 1908, 64, 274) 
has now shown by his equation that if the melting-point curve shows 
a vertical inflexion point, this point must be identical with the critical- 
solution point. This case nearly occurs in the system y-picoline 
zincichloride-octyl alcohol. If, the critical-solution temperature rises, 
the melting-point curve is cut by the solubility curve, that is, the 
substance melts below the solution: above zinc salt + water, above 
zine salt + hexadecy] alcohol. If the critical-solution point is low, its 
neighbourhood is shown by a more or less steep sloping of the melting- 
point curve : above zinc salt + methyl toamylalcohol. The samechange 
of the shape of the melting-point curve is observed in the neighbour- 
hood of an upper critical-solution point: salicylic acid and water 
(Alexéeff, Wied. Annalen, 1886, 28, 330), potassium salt of trinitro- 
phenylnitramine and water (Roozeboom, Ree. trav. chim., 1889, 8, 2) ; 
in the neighbourhood of a lower critical-solution point : nitrobenzene 
and carbon dioxide, o-nitrophenol and carbon dioxide, and m-chloro- 
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phenol and carbon dioxide (Biichner, Zeitsch. physikal. Chem., 1906, 
54, 665). 

The same is to be expected with the melting-point curves of the 
homologues of the pyridine series. Fusion below the solution in the 
neighbourhood of an upper critical-solution point has hitherto been 
observed in the following cases: benzoic acid and water (Alexéeff, 
Wied. Annalen, 1886, 28, 330), resorcinol and benzene (Rothmund, 
Zeitsch. physikal. Chem., 1894, 26, 433), succinonitrile and water 
(Schreinemakers, Zettsch. physikal. Chem., 1897, 23, 418), phenol and 
water, ptoluidine and water (Walker, Zeitsch. physikal. Chem., 
1892, 5, 190), thallium and aluminium (or copper) (Doerinckel, Zeitsch. 
anorg. Chem., 1906, 48, 184), sodium and aluminium (magnesium) 
(Matthewson, Zeitsch. anorg. Chem., 1902, 48, 192), bismuth and 
aluminium (Gwyer, Zeitsch. anorg. Chem., 1906, 49, 311). 

Fusion below the solution in the neighbourhood of a lower critical- 
solution point, which then lies in the metastable or unstable field, has 
been observed for: o-bromonitrobenzene and carbon dioxide, dichloro- 
nitrobenzene and carbon dioxide, urethane and carbon dioxide, m-chloro- 
nitrobenzene and carbon dioxide (Biichner, Joc. cit.), and pyridinium 
methiodide and pyridine (Aten, Zettsch. physikal. Chem., 1905, 54, 124). 

On recrystallising y-picoline zincichloride from alcohol it was found 
that by quickly cooling the solution the zinc salt was separated out of 
solution as a second liquid layer. On the other hand, the somewhat 
cooled liquid was found to be supersaturated with regard to solid 
crystals. It appeared therefore evident that the same kind of system 
was present as was first observed in the case of salicylic acid and 
water. For reasons shown above, it seemed of interest to determine 
the shape of the melting-point curve as well as that of the solubility 
curve, which here lies, of course, in the metastable zone. These curves 
were therefore determined for the first members of the series of 
aliphatic alcohols, water and benzyl alcohol. The method was as 
follows: A certain mixture of solid zinc salt and alcohol contained in 
a small glass tube was heated in a sulphuric acid bath until the last 
crystal vanished. Thus a rough value of the melting point was 
obtained. Then the temperature was allowed to fall a little, but not 
so far as the critical-solution temperature. A tiny crystal was now 
thrown into the solution and the tube was constantly shaken, so that 
from the supercooled solution crystals of quite a minute size 
separated out. Then the temperature was very slowly raised, the tube 
being constantly shaken. The temperature at which the last crystal 
vanished was regarded as the melting point. I found that the results 
obtained by this method were sufficiently accurate. The bath was 
finally cooled down, and the temperature determined at which separa- 
tion into two liquid layers took place. 
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y-Picoline Zincichloride and Methyl Alcohol. 


Percentage Melting Solution Percentage Melting Solution 
of salt. point. point. of salt. point. point. 
89-0 86°4° — 37°9 56°7° +1°'1° 
78°5 73°5 —3:0° 25°2 52°0 —3°5 
61 5 64°2 +1°5 12°7 41°5 _ 
49°7 60°5 +1°9 6°0 31°5 sil 


The critical point of the solubility curve lies at +1°9° for a con- 
centration of 50 per cent. Although the distance of that point from 
the melting-point curve is about 60°, the liquid separation has already 
a considerable influence on the shape of the melting-point curve, 
which shows clearly a point of inflexion. In Fig. 6, the solubility 
curve is marked A, the melting-point curve, J. 


Fic. 6. 
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y-Picoline Zincichloride and Ethyl Alcohol t (B and II in Fig. 6). 


Percentage Melting Solution Percentage Melting Solution 

of salt. point. point. of salt. point. point. 
86°9 88°7° — 38°5 68°5° 32°9°* 
75°5 78°8 25°5° 23°8 64°5 28°4 
61°6 73°1 32°4 10°7 55°0 12°8 
50°2 71°0 33°4* 5°0 43°5 te 


* Critical opalescence. 
t The alcohol was absolute and prepared by Sydney Young’s method. 
y-Picoline Zincichloride and n-Propyl Alcohol (C and III in Fig. 6). 


Percentage 
of salt. 


Melting Solution 
point. point. 


Percentage 
of salt. 


Melting Solution 
point. point. 


90°3 
78°3 
65:1 
50°9 
39°7 


96°0° 
84°0 
78°6 
76°3 
73°8 


29°2° 
40°7 

52°5* 
42-0* 


* Critical opalescence, 


70°2° 
67°1 
60°5 
50°0 


40°7° 
85°4 
25°0 
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y-Picoline Zincichloride and isoButyl Alcohol (b. p. 107°8°) (D and J V). 


Percentage 
of salt. 
88°8 
82°1 
76°3 
65°5 
49°5 


Melting 
point. 
98°6° 
87°5 
82°7 
80°0 


Solution 
point. 
35°0° 
44°7 
52°3 
55°0* 


Percentage Melting 
of salt. point. point. 
37°9 78°4° 54°6°* 
25°9 76°7 52°1 
14°9 72°5 45°4 
8°0 64°3 35°6 
4°0 54°7 22°7 


Solution 


* Critical opalescence. 


y-Picoline Zincichloride and isoAmyl Alcohol (b. p. 131°5°) (# and V). 


Percentage 
of salt. 
88°1 
80°0 
69°6 
59°4 
50°0 


Melting 
point. 
99°8° 
93°7 
88°1 
86°5 
85°4 


Solution 
point. 


46°5° 
57°9 
62°2 
62°9* 


Percentage Melting Solution 
of salt. point. point. 
35°0 83°9° 61°8° 
20°5 79°8 57°1 
10°8 74°0 46°5 
4°7 61°0 — 


* Critical opalescence. 


y-Picoline Zincichloride and Methylhexylcarbinol (b. p, 179°5°). 
(Ff and V7). 


Percentage 
of salt. 
86°2 
73°5 
60°1 
49°4 


Melting 


point. 
104°0° 
101°8 
100°3 
100°2 


Solution 


point. 
60°5° 
86°6 
95°8 
97°0 


Percentage Melting Solution 
of salt, point. point. 
38°2 100°0° 96°5° 
22°2 97°7 91°1 
10°7 91°7 76°0 
3°8 77°0 — 


The solubility and melting-point curves nearly touch each other, 
therefore the latter rises nearly vertically in the critical region. 


y-Picoline Zincichloride and Cetyl Alcohol (G and VII).* 


Percentage 
of salt. 
95°8 
89°5 
69°7 
50°0 
30°0 


Melting 
point. 
108° 


108 


Solution 
point. 
104° 
150 
230 
241 
195 


Solution 
point. 
155°0° 


Percentage Melting 


It was dissolved in 


The alcohol used was purified as follows: 
benzene, the solution was then cooled to 0°, and the crystals which 
formed were quickly collected, pressed between filter paper, and 
heated for some hours to 130°. On cooling, the pure alcohol 
crystallised out and melted at 48°. As seen in Fig. 6, the solubility 
curve cuts the melting-point curve. The zinc salt, therefore, below 
its alcoholic solution, melts constantly at 108°. 


* The determination of this pair was carried out by Mr. Rankin, 
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y-Picoline Zincichloride and Water (H and VIII). 


Percentage Melting Solution | Percentage Melting Solution 
of salt. point. point. of salt. point. point, 

95°0 95° 840° 40°4 164°6** 
92°9 895 =| =: 80°6 164°6 
80°0 142°2 21°8 161°7 
70°5 155°0 16°1 156°5 
61°6 160°0 | 12°5 1440 
49°5 163°0* | 


* Critical opalescence. 


At higher concentrations of water an exact determination of the 
solubility point is impossible on account of the hydrolysis of the zine 
salt. In this case, also, fusion below the solution takes place. It is 
surprising that the behaviour of water towards the zinc salt is similar to 
that of an aliphatic alcohol with about twelve carbon atoms, whereas one 
might expect that the solubility curve would lie below that of methyl 
alechol. This exceptional position of water proves that a comparison 
of physical properties ought always to be restricted to members of the 
same homologous series. 


y-Picoline Zincichloride and Benzyl Alcohol. 


Percentage of salt ... 90°0 76°7 62°9 50°4 39°3 26°3 
Melting point 101°7°)  86°7° = 70°1° «71° 46°3°— 8.4°0° 


A 50 per cent. solution remains clear even on cooling to —78°; 
also, from the shape of the melting-point curve, which differs but little 
from a straight line, it is evident that it must lie very far above the 
solubility curve. It would rather have been expected that the parts 
played by water and benzyl alcohol would be reversed. 

As the melting-point curve illustrates.the change of the osmotic 
pressure in a solution, it is possible to give an account of the 
m,¢ curves in the neighbourhood of the critical-solution point. Ina 
t,c diagram is drawn the melting-point and solubility curves of the 
two liquids which show the highest critical-solution point (y-picoline 
zincichloride and cetyl alcohol). As the lower alcohols show an 
additive behaviour towards the higher ones, the melting-point 
curves of the different alcohols are comparable. Therefore the melt- 
ing curves of the other members of the same series are drawn at the 
given distances from this critical point, as only this distance influences 
inflexion. In the following table are given the slopes of the melting- 
point curves in the critica] region and the distance from the critical- 
solution point. 
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Distance. 


Zinc salt and methyl alcohol 
- ethyl alcohol ..............:000 
‘ia zsobutyl alcohol 
os isoamy] alcohol 
methylhexylcarbinol 


> 


This research was carried out in the summer of 1908 in the chemical 
laboratory of Trinity College, Dublin. I wish to express my sincerest 
thanks to Prof. Sydney Young for his keen interest and advice, and 
for the facilities he placed at my disposal. 


TRINITY CoLLEGE, DUBLIN. 


LXXXII—The Formation and Reactions of Imino- 
compounds. Part LX. The Formation of Derw- 
atives of cycloPentane from ab-Dicyano-derwatiwes 


of Butane. 


By Srantey Ropert Bzst and Jocetyn Fietp THorpe. 


In a former communication (Trans., 1908, 93, 165) it was shown that 
B-imino-a-cyanohydrindene (I) can be obtained in practically 
quantitative yield on warming an alcoholic solution of o-phenylene- 
diacetonitrile (II) containing a trace of sodium ethoxide, thus: 


O18, < Seon ere OH, <Cua ios > CNH 
(II.) 

The ease with which the formation of the Pine ring took 
place in this instance gave rise to the idea that in all probability five- 
carbon alicyclic compounds would also be formed in like manner, that 
is to say, ad-dicyanobutane (III) would, for example, on treatment 
with sodium ethoxide pass into 1-imino-2-cyanocyclopentane (IV). 

CH,°CH,"CN a gaat . 
CH,*CH,-ON id ae 
(III.) (IV.) 

While experiments on the condition of formation of aé-dicyano- 
butane were being instituted, the literature was searched in order to 
find whether any derivative of this substance had been prepared which 
would, in the meantime, serve the object in view, and it was found 
that during their experiments on the formation of ethyl 1-cyano- 
cyclopropane-l-carboxylate (V) by the action of ethyl sodiocyano- 
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acetate on ethylene dibromide, Carpenter and Perkin (Trans., 1899, 
75, 921) had isolated a substance melting at 119°5° which they 
considered to be ethyl aéd-dicyanovalerate (VI), because on alkaline 
hydrolysis it yielded adipic acid. 

CH,°CH,°CN CH,——CH(ON ) 


H, 
bg >CCN) CO:Ft be -CH(CO,Et)CN CH,-CH(CO,Et) 
(V.) (VI.) (ViI.) 


>C:NH 


It was at once apparent that this substance would serve our 
purpose just as well as ad-dicyanobutane, for, as it contains a 
primary nitrile group, it should yield ethyl 2-imino-3-cyanocyclo- 
pentane-l-carboxylate (VII) on treatment with sodium ethoxide. 

Carpenter and Perkin stated that they wished to reserve the 
further study of the substances described by them in their paper, 
but shortly after its publication Professor Carpenter left the 
University of Manchester and, in consequence, further work was 
abandoned. We have with their consent undertaken a complete 
study of this by-product prepared by them. 

The substance described as ethyl ad-dicyanovalerate (VI) is isolated 
from the products of the condensation of ethyl sodiocyanoacetate 
with ethylene dibromide after ethyl 1-cyanocyclopropane-1-carboxylate 
(V) and unchanged reacting substances have been separated by 
distillation with steam. It is purified by washing with cold alcohol, 
in which it is sparingly soluble, and is converted, as the authors 
found, almost quantitatively into adipic acid on hydrolysis, first 
with aqueous potassium hydroxide and finally with dilute sulphuric 
acid. There are, however, certain peculiarities about this substance 
which led us, in the light of experience gained during our study 
of imino-compounds, to doubt the constitution assigned to it by 
Carpenter and Perkin. 

In the first place the compound is formed in a solution which 
must contain some free sodium ethoxide, and consequently, if there 
is as great a tendency to form the five-carbon alicyclic ring as there 
is in the case of o-phenylenediacetonitrile, it ought to be ethyl 2- 
imino-3-cyanocyclopentane-l-carboxylate (VII) and not ethyl aé-di- 
cyanovalerate (VI). Moreover, the high melting point of the sub- 
stance taken in conjunction with its insolubility in cold alcohol 
seemed to suggest an imino-compound rather than a nitrile 
carboxylic ester. All doubts on this point were set at rest when 
the substance melting at 119°5° was treated with acid hydrolysing 
agents, for on shaking with concentrated hydrochloric acid it at 
once passed into solution, from which a precipitate of ammonium 
chloride separated on standing. When water was added to this 
solution, an oil separated which gave an intense violet coloration 
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with ferric chloride and on examination proved to be ethyl 5-cyano- 
cyclopentan-l-one-2-carboxylate (VIII). 


CH,—CH(CN) CH,—CH(CN) sh 
CH,*CH(CO,Et) GH,-CH(CO,Et)> 


(VII.) (VIII. ) 

Further proof in favour of this view of the constitution of the 
substance melting at 119°5° is afforded by its behaviour when 
distilled in a current of steam from dilute sulphuric acid, for under 
these conditions cyanocyclopentan-l-one (IX) passes over with the 
steam. Moreover, if it is heated for some time with dilute sulphuric 
acid previous to distillation with steam, cyclopentanone (X) passes over 


H, a CH, ‘CH, 
¢ 400 der on 
a (X.) 
and can be recovered from the distillate. 

As already mentioned, ethyl 2-imino-3-cyanocyclopentane-l- 
carboxylate (VII) when treated with cold concentrated hydrochloric 
acid is completely transformed into ethyl 5-cyanocyclopentan-1-one-2- 
carboxylate (VIII). This substance is a strong acid, dissolving in 
solutions of alkali carbonates with effervescence and giving in 
alcoholic solution an intense violet coloration with ferric chloride. It 
readily forms a crystalline monopotassium salt, which probably has the 
formula (XI), and on treatment in alcoholic solution with methyl 
iodide is converted almost completely into the C-methyl deriv- 
ative, ethyl 5-cyano-5-methyleyclopentan-1-one-2-carboxylate (XII), 

CH,——C(CN)._ CH, 9 —-CMe(CN) 
GH,-CH(CO,E> °C OX GH,-CH(CO,Et)?-° 
(XL) —, (XIL) 
2 ; 
Gu,-CH(CO,Et> via 

(XIIL.) 
although subsequent experiments on the hydrolysis of this substance 
showed that it contained a small quantity of the corresponding 
0-methyl derivative (XIII). It is of course evident that in the 
nono-alkylation of a substance of the constitution of ethyl 5-cyano- 
cyclopentan-1-one-2-carboxylate (VIII) the alkyl group might unite 
tither with the carbon atom marked (*) or that marked (+), both 
arbon atoms being attached to the carbonyl group and having in the 
oe case a nitrile group and in the other a carbethoxyl group 
tttached. The proof that the carbon atom attached to the nitrile 
soup is the one first affected is given by the fact that ethyl 5-cyano-5- 
wethyleyelopentan-l-one-2-carboxylate (XII) on distillation from 

YY2 


>C:NH 
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dilute sulphuric acid in a current of steam yields 2-cyano-2 2-methyl- 
cyclopentan-l-one (XIV) identical with the compound prepared by the 
methylation of 2-cyanocyc/opentan-l-one (IX) by means of sodium 
ethoxide and methy! iodide. 


CH, yasenn CH, -CHMe 
cH,— Paes CH _—CH, as 
a (XV.) 


The prolonged action of sulphuric acid on 2-cyano-2-methyleyelo. 
pentan-l-one leads to the formation of 2-methyleyclopentan-l-one 
(XV). 

The further methylation of ethyl 5-cyano-5-methylcyclopentan-1-one- 
2-carboxylate (XII) by means of sodium ethoxide and methyl iodide 
yields the dimethyl derivative, ethyl 5-cyano-2 : 5-dimethyleyclo- 
pentan-l-one-2-carboxylate (XVI), from which on distillation from 
dilute sulphuric acid 2-cyano-2 : 5-dimethylcyclopentan-l-one (XVII) 
can be obtained. 


QH,-—CMe(CN) CH,:CMe(ON) OH,-CHMe_, 
| ; | 
H,-cMe(CO,E) °° = G,—cHMe? 9 -~— sb, -cH Me 
(XVL) (XVIL.) (XVIIL) 


This substance on further treatment with sulphuric acid yields 
2 : 5-dimethyleyclopentan-l-one (X VIII). 

The ethylation of ethyl 5-cyanocyclopentan-l-one-2-carboxylate 
(VIII) through the pure potassium compound and ethyl iodide leads 
to the formation of a product which consists for the most part of the 
O-ethyl derivative (X1X), although a small quantity of the (C-ethyl 
derivative (XX) is also formed at the same time. 

CH,——-C(CN)._ CH, pie 
én,-cH(c0,Et)>° OF 
(XIX. ) tas 

It was not found possible to separate this mixture, but frow 
the following considerations it is evident that both these compounds 
were present in it. In the first place it is evident that when the 
potassium salt of ethyl 5-cyanocyclopentan-1l-one-2-carboxylate (X1), 
which is quite stable in aqueous solution, is acted on by an alcoholic 
solution of ethyl iodide, the product, obtained by adding water and 
extracting with ether, cannot contain any unchanged ethyl 5-cyano- 
eyclopentan-l-one-2-carboxylate (VIII). It gives, however, a re 
coloration with ferric chloride, and must therefore contain some of the 
C-ethyl derivative (XX). This conclusion was confirmed by 4 
study of the products formed during the acid hydrolysis of the 
mixture, for on distilling it from dilute sulphuric acid in 4 
current of steam, both 2-cyano-2-ethyleyclopentan-l-one (XX!) 


400 


P-—™ © ws he -& & «ee & me 


2 


ca 


from 
ounds 
on the 
(x1), 
:oholie 
rr and 
cyano 
a 
of the 
by 4 
of the 
in 4 


(XXI) 


REACTIONS OF IMINO-COMPOUNDS. PART IX. 689 


and 2-cyanocyclopentan-l-one (IX) were obtained, the two 
compounds being readily separated by fractional distillation and 

CH, panei CH, *CH(CN) CH,°CHEt 
af” eo fn 

vee. Ms (IX.) (XXII) 

identified by means of their semicarbazones. The ethyl deriv- 
ative (X XI) is identical with the compound prepared by the ethylation 
of 2-cyanocyclopentan-l-one (IX) by means of sodium ethoxide and 
ethyl iodide, and its formation furnishes therefore another proof of 
the greater reactivity of the hydrogen atom combined with the 
carbon atom attached to the nitrile group of ethyl 5-cyanocyeclo- 
pentan-l-one-2-carboxylate (VIII). 2-Cyano-2-ethyleyclopentan-1l-one 
(XXI) is transformed by the further action of sulphuric acid into 
2-ethyleyclopentan-l-one (XXII). 

The proportion of the two constituents present in the product 
formed by the ethylation of ethyl 5-cyanocyclopentan-1-one-2-carb- 
oxylate was determined by careful alkaline hydrolysis, for whereas 
under these conditions, the C-ethyl derivative is broken down into 
aliphatic degradation products, the O-ethyl derivative is hydrolysed to 
ethyl 5-cyanocyclopentan-1-one-2-carboxylate (VIII), which, presumably 
on account of the formation of its alkali salt, is stable towards dilute 
alkalis and can be recovered on acidifying the alkaline solution. The 
proportion was found to be almost four parts of the O-ethyl derivative 
to one part of the C-ethyl derivative. 

The derivatives of cyclopentanone described in this communication 
are, as already indicated, exceedingly stable towards acid hydrolysing 
agents, and in no case investigated did the use of these reagents lead 
to the fission of the five-carbon ring, but, so long as the nitrile 
or carbethoxyl group remains attached to the carbon atom adjacent to 
the carbonyl group, they are, with the exception of ethyl 5-cyanocyclo- 
pentan-1-one-2-carboxylate (VIII), at once acted on by dilute alkalis, 
passing with fission of the cyclopentane ring into derivatives of adipic 
acid; thus ethyl 5-cyano-5-methyleyclopentan-1-one-2-carboxylate 
(XII) when warmed with alcoholic potash yields a potassium salt, 
from which §-cyanobutylmalonic acid (XXIII) can be obtained on 
acidifying : 

CH,—CMe(CN) CH,*CHMe-CN 
bH,-cH(CO,Et)> °° + ~> dn,-cH(CO,H), 
(XII. ) (XXIII) 


In the same way ethyl 5-cyano-2 : 5-dimethyleye/opentan-1l-one-2- 
carboxylate (XVI) yields §-cyanomethylbutylmalonic acid (XXIV): 


H,—CMe(CN) OH,"CHMe-ON 


H, "CMe(CO nee “OMe(CO,E),” 
VI.) (XXIV 
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and on heating these dicarboxylic acids at 180°, 8-cyanohexoic 
acid, CN-CHMe-CH,°CH,°CH,°CO,H, and 9-cyano-a-methylhexoic 
acid, CN-CHMe:-CH,°CH,-CHMe-CO,H, may be obtained. Finally, 
by the prolonged action of potassium hydroxide, the nitrile groups are 
hydrolysed and a-methyladipic and aa’-dimethyladipic acids are 
formed. 

The imino-derivatives of cyclopentane are, however, exceedingly 
stable towards alkaline hydrolysing agents, although, as mentioned 
above, when treated with acids they are at once converted into the 
corresponding ketones; thus ethyl 2-imino-3-cyanocyclopentane-]-carb- 
oxylate (VII) on warming with aqueous potassium hydroxide rapidly 
dissolves, and if the solution is cautiously acidified with acetic acid, 
carbon dioxide is eliminated and 1-imino-2-cyanocyclopentane (XXV) 
is precipitated : 


CH,—CH(CN)._... CH,-CH( (oN) 

| 3 : se 

én, cH(co,ny 82 > bg—on 2 
(VIL) at? 


CH, — 


n> 


(IX. _ 


This imino-compound is at once acted on by dilute hydrochloric acid, 
forming 2-cyanocyclopentan-l-one (IX), a compound which resembles 
ethyl cyanoacetate in many of its properties ; thus when treated with 
an equivalent of alcoholic sodium ethoxide it yields a sodium derivative 
(XXVI) insoluble in cold alcohol, which on treatment with methyl 
iodide yields 2-cyano-2-methyleyclopentan-l-one (XIV), and with ethyl 
iodide is converted into 2-cyano-2-ethyleyclopentan-l-one (X XI), the 

formation of these substances affording the proof required for 
establishing the constitution of the C-alkyl derivatives of ethyl 
5-cyanocyclopentan-1-one-2-carboxylate. 

This sodium compound isa remarkable example of the sensitiveness 
of the cyclopentane ring in this condition towards alkalis, for it 
at once dissociates on being dissolved in water, forming the sodium 
salt of §-cyanovaleric acid (XX VII): 


CH, mas! CH,-CH,-ON 

sans | . 

CH, a” + - ee 
" an; (XXVIL.) 


§-Cyanovaleric acid has been prepared by Dieckmann (Ber., 1900, 
33, 579), and is described as an oil. We have not succeeded in 
preparing either this substance or any of its homologues in a crystal- 
line condition. 
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The same property is shown by the alkyl derivatives of 2-cyano- 
cyclopentan-l-one, for when 2-cyano-2-methylcyc/opentan-l-one (XIV) 
is warmed with aqueous potassium hydroxide it passes at once into the 
potassium salt of d-cyanohexoic acid (XXVIII) : 


OH,-OMe(ON) CH,-CHMe-CN 

«, >to —-> I? : 

CH,—— CH, CH,*CH,-CO,K 
(XIV.) (XXVIIL) 


and in the same manner 2-cyano-2-ethylceyclopentan-l-one (XXI) 
passes into 6-cyanoheptoic acid, CHEt(CN)-CH,°CH,°CH,-CO,H. 
2-Cyanocyclopentan-l-one and its alkyl derivatives are readily 
converted on treatment with sulphuric acid and distillation in a 
current of steam into the corresponding derivatives of cyclopentanone. 

The ketones described in this communication were characterised by 
the formation of semicarbazones, and in cases where this formation 
did not take place, by the formation of anilides. 2-Methyleyclo- 
pentan-l-one has been prepared by Bouveault (Bull. Soc. chim., 1899, 
[iii], 21, 1022) and by Wallach (Annalen, 1904, 331, 319), who 
prepared its semicarbazone. 2:5-Dimethylcyclopentan-1l-one has been 
prepared by Zelinsky and Rudsky (Ber., 1896, 29, 404), but these 
chemists do not seem to have characterised the ketone by the 
formation of a crystalline derivative. 

As already mentioned, ethyl 2-imino-3-cyanocyclopentane-1-carb- 
oxylate (VII) occurs as a by-product in the formation of ethyl 
l-cyanocyclopropane-l-carboxylate by the condensation of ethylene 
dibromide with the sodium compound of ethyl cyanoacetate, but 
the amount formed is not large, and we therefore had to seek some 
other method for the preparation of this substance in quantity. 
Although, initially, we used the method recommended by Carpenter 
and Perkin (Joc. cit.), in which the mixture is heated in soda-water 
bottles at 100°, yet we found that the many disadvantages attaching 
to the use of soda-water bottles were not compensated by a very 
largely increased yield of the imino-compound; moreover, since 
it was subsequently found that the ethyl 1-cyanocyclopropane-l-carb- 
oxylate formed in the reaction could be readily converted into 
ethyl 2-imino-3-cyanocyclopentane-1-carboxylate, the condensation was 
always effected in Geissler flasks at the temperature of the water-bath. 
Ultimately, it was discovered that ethyl 2-imino-3-cyanocyclopentane- 
l-carboxylate could be prepared from ethyl 1-cyanocyclopropane-l- 
carboxylate by the following reaction. 

Bone and Perkin (Trans., 1895, 67, 108) have shown that when 
ethyl cyclopropane-1 : 1-dicarboxylate (XXIX) is treated with ethyl 
sodiomalonate, the cyclopropane ring is broken between the carbon 
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atoms 1 and 2, condensation ensues, and ethyl butane-aadd-tetracarb- 
oxylate (XXX) is formed, thus : 


dyy2>O(COLB), + CHWNa(CO,Et), —> 
(XXIX.) 
(CO, Et),CNa*CH,-CH,*CH(CO,Et),. 
(XXX.) 

This remarkable reaction at once indicated a method by which ethyl 
2-imino-3-cyanocyclopentane-1l-carboxylate could be prepared, since by 
substituting ethyl sodiocyanoacetate and ethyl 1-cyanocyclopropane-l- 
carboxylate for the compounds used by Bone and Perkin, ethyl 
ad-dicyanoadipate (XX XI) should be formed, thus : 


Sh >O(ON)-CO, Et + ON-CHNa:CO,Et —> 
2 
CO, EtCNa(CN)-CH,-CH,*CH(CN):CO, Et. 
(XXXT.) 


Ethyl 2-imino-3-cyanocyclopentane-l-carboxylate should then be 
readily formed from the above condensation product by the action of 
sodium ethoxide, if, indeed, it was not formed directly in the con- 
densation in the same manner as in the interaction of ethyl sodio- 
cyanoacetate and ethylene dibromide. 

It was found that ethyl sodiocyanoacetate reacted vigorously with 
ethyl 1-cyanocyclopropane-1-carboxylate, and that under the experi- 
mental conditions described later, a satisfactory yield of ethyl 2-imino- 
3-cyanocyclopentane-1-carboxylate was obtained ; moreover, on examin- 
ing the low boiling products from the condensation, a considerable 
quantity of ethyl carbonate was isolated. 

The formation of ethyl carbonate in this reaction throws some 
light, not only on the mechanism of the condensation in the present 
instance, but also in a number of similar cases in which the loss of a 
carbethoxyl group has been noticed in condensations of this character; 
thus Moore (Trans., 1904, 85, 165) showed that the substance 
obtained by Baeyer (Ber., 1885, 18, 3457) by the interaction of ethyl 
malonate and its sodium derivative, and described as ethyl phloro- 
glucinoltricarboxylate, is in reality ethyl phloroglucinoldicarboxylate, 
and that a carbethoxyl group had been eliminated during the 
condensation. Although presumably unacquainted with this fact, 
Willstatter (Ber., 1899, 32, 1272), after he had detected ethyl 
acetate as one of the products of the condensation, suggested that 
ethyl carbonate was probably formed thus : 

CH,(CO,Et), + EXOH —> CH,°CO,Et + CO(OEt),, 
and although he was unable to isolate this substance, yet Leuchs and 
Geserick (Ber., 1908, 41, 4371) have quite recently succeeded in doing 
so. It is probable, however, that the ethyl carbonate is formed in the 
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reaction by the action of sodium ethoxide after the closing of the ring, 
since it has been shown that under certain conditions the elimination 
of a carbethoxyl group takes place readily in this manner; thus 
Thorpe (Trans., 1905, 8'7, 1681) and Rogerson and Thorpe (ibid., 
1702) have shown that when ethyl a-cyano-afy-trimethylglutaconate 
(XXXII) is treated with sodium ethoxide in the presence of alcohol, 
it is quantitatively converted into ethyl carbonate and ethyl y-cyano- 
aBy-trimethylcrotonate (XX XIII) : 
CO, Et‘CMe:CMe-CMe(CN)-CO,Et + EtOH —> 
(XXXII.) 
CO, Et-CHMe-CMe:CMe-CN + CO(OEt),. 
(XXXIII.) 

Another instance of the same kind is mentioned by Crossley 
and Gilling (Trans., 1909, 95, 20), who found that when chloro- 
dimethyleyclohexanone is condensed with ethyl sodiomalonate, the 
product is ethyl 1 : 1-dimethyl-A*-cyclohexen-3-one-5-acetate (XXXIV), 
instead of the ethyl salt of the dicarboxylic acid (XXXV), and that 
ethyl carbonate is one of the products (Proc., 1909, 25, 96) : 


CMe or" *CO>0H | OMe< or “o> cH 


CH,°CO,Et CH(CO Et), 
(XXXIV.) (XXXV.) 

Although it is probable that in some of the cases, in which 
the elimination of a carbethoxyl group has been effected in condensa- 
tions involving the use of sodium ethoxide or an alkaline sodium 
derivative, such action may be due to hydrolysis and subsequent 
elimination of carbon dioxide, yet when this action is accompanied by 
the formation of ethyl carbonate, its cause is most probably due 
to spatial considerations, or, in other words, that the space formula of 
the substance does not admit of a carbethoxyl group being united with 
the carbon atom from which it is eliminated. 

The proof that the carbethoxyl group is removed from ethyl aé-di- 
cyanoadipate (XXXVI) at the moment of its transformation into the 
cyclopentane ring was supplied by preparing this ethy] salt and studying 
its behaviour towards sodium ethoxide. It may be prepared by 
condensing pure ethyl sodiocyanoacetate, carefully freed from alcohol, 
with ethyl 1-cyanocyclopropane-l-carboxylate in dry benzene, thus: 


¢ 
Ig >C(CN)-CO,Kt +ON-CHNa-CO,Et —> 
2 


Nona: CH,°CH, CH<6, Ey 


001 Et 


The ethyl salt prepared from this sodium compound by the action 
of water isa crystalline substance, which is quite stable, and when 
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treated with an alcoholic solution of ethyl sodiocyanoacetate, passes 
into ethyl 2-imino-3-cyanocyclopentane-l-carboxylate and _ ethyl 
carbonate, thus: 


CH-CH,-CH, CH, Ey + EtOH —> 


(XXXVI.) 


00,5 


7 H,——CH(CN) 

CH,°CH(CO,Et) 

It will be noticed that in closing the ring it was found convenient 

to use a small quantity of an alcoholic solution of ethyl sodiocyano- 

acetate rather than sodium ethoxide, and that the reaction is expressed 

in the equation as taking place through the agency of alcohol. This 

course was adopted after the behaviour of ethyl 2-imino-3-cyanocyelo- 

pentane-1l-carboxylate .towards alcoholic sodium ethoxide had been 
studied. 

It has been shown by one of us (Trans., 1904, 85, 1728) that the 


hydrogen atom (*) of the complex -O(: NH)*CH(ON)-CO,Et is re- 
placeable by sodium on treatment with sodium ethoxide, whereas the 
hydrogen atoms of a complex *C(:NH):CH,°CN are not replaceable 
under these conditions (Trans., 1908, 93, 170). In order to gain 
further evidence on this point we therefore treated ethyl 2-imino- 
3 - cyanocyclopentane-1-carboxylate (VII) with sufficient sodium 
ethoxide and methyl iodide to replace two of the hydrogen atoms by 
methyl groups. The product was found to be, however, 1-imino- 
2-cyanocyclopentane (XXV) mixed with other substances of higher 
molecular weight, and no trace of an alkyl derivative could be 
detected : 

CH,—-CH(CN) 
H,*CH(CO,Et) 

(VII.) 
It was evident therefore that sodium ethoxide had reacted on the 
imino-ester, causing the elimination of the carbethoxyl group, a con- 
clusion which was confirmed by an experiment in which the action of 
sodium ethoxide alone was tried. Under these conditions, ethyl 
2-imino-3-cyanocyclopentane-l-carboxylate is completely transformed 
into several products, from which considerable quantities of 1-imino- 
2-cyanocyclopentane can be isolated. The other compounds formed, 

which are of higher molecular weight, have not yet been identified. 
From these experiments it therefore follows that the hydrogen 
atoms of ethyl 2-imino-3-cyanocyclopentane-1-carboxylate, like those of 
2-imino-1-cyanohydrindene (Trans., 1908, 93, 170), do not react with 
sodium ethoxide. It is evident, moreover, that if the transformation 
of ethyl ad-dicyanoadipate into the alicyclic ring is effected by the 


>O:NH + CO(OFt),. 


CH, — 


>C:NH ——> éu.— 


ONE. 


in ee ee ee ee” ee ee. a. a a ae 


@ 
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action of sodium ethoxide, the product will be 1|-imino-2-cyanocyelo- 
pentane mixed with other substances, and not the imino-ester, thus : 
00,Et-CH(CN)-CH,*CH,*CH(CN)-CO,Et + 2EtOH —> 
CH,°CH(CN). _.. 
¢H,— on,’ H + 2CO(OEt),. 

This conclusion was shown to be correct by actual experiment, 
although, as mentioned later, 1l-imino-2-cyanocyclopentane formed 
under these conditions is difficult to isolate, and it is more convenient 
to prepare this substance by another method. 

Ultimately, it was found that a small quantity of alcoholic ethyl 
sodiocyanoacetate is sufficient to bring about the complete conversion 
of ethyl ad-dicyanoadipate to ethyl 2-imino-3-cyanocyclopentane- 
l-carboxylate, and that the second carbethoxy! is not eliminated under 
these conditions. This discovery at once suggested a means by which 
a good yield of ethyl 2-imino-3-cyanocyclopentane-1-carboxylate might 
be obtained by the condensation of ethyl 1-cyanocyclopropane- 
l-carboxylate with ethyl sodiocyanoacetate. 

If molecular proportions of these ethyl esters are condensed in alcoholic 
solution, a yield of about 30 per cent. of the imino-ester is obtained if 
the reaction is stopped at an early stage, although this yield is con- 
siderably diminished if the action is allowed to continue. The reaction 
evidently proceeds in accordance with the equations : 


(1) er >O(ON)-CO, Be + ON-CHNa‘CO,Et —> 
CO, Et-CNa(CN)-CH,*CH,*CH(CN)-CO,Et, 
(2) CO,Et-CNa(CN)-CH,-CH,*CH(CN)-CO,Et + 2HOEt —> 


CH,——CH(CN ) 

CH,*CH(CO,Et) 
and the sodium ethoxide formed then reacts with the imino-ester, con- 
verting it gradually into 1-imino-2-cyanocyclopentane and the other 
products mentioned above, which are always found accompanying the 
chief product of the condensation. It is apparent, therefore, that the 
difficulty can be overcome by using a sufficient excess of ethyl cyano- 
acetate to combine with the sodium ethoxide liberated during the 
reaction, or, in other words, a small quantity of ethyl sodiocyano- 
acetate dissolved in alcohol ought to be sufficient to convert any 
quantity of an equimolecular mixture of ethyl 1-cyanocyclopropane- 
learboxylate and ethyl cyanoacetate into ethyl 2-imino-3-cyanocyclo- 
pentane-l-carboxylate. This assumption was found to be correct, and 
a yield of 75 per cent. of ethyl 2-imino-3-cyanocyclopentane- 
lcarboxylate was obtained on heating an equimolecular mixture of 
ethyl cyanoacetate and ethyl 1-cyanocyclopropane- | -carboxylate 


>C:NH + NaOEt + CO(OEt),, 


a) 
696 BEST AND THORPE: THE FORMATION AND 


dissolved in alcohol containing a small quantity of ethyl sodiocyano- 
acetate. 

It is of interest to note that the imino-derivatives of cyclopentane 
described in this paper are all true imino-compounds, readily hydro- 
lysed by dilute mineral acid to the corresponding ketones. In no case 
investigated did the compounds appear to react in the amino-form, 


EXPERIMENTAL, 


Formation of Ethyl 2-Imino-3-cyanocyclopentane-1-carboxylate 
(VII, p. 686). 


(1) From Ethyl Sodiocyanoacetate and Ethylene Dibromide.—The 
conditions used in this condensation were essentially the same as 
those recommended by Carpenter and Perkin, although it was found 
better to heat the mixture for three hours on the water-bath instead 
of working up the product immediately after the first reaction had 
subsided. After the reaction was finished, water was added, and the 
solution saturated with ammonium sulphate. The alcoholic solution, 
carrying all the organic products, rose to the top; it was separated, 
the alcohol evaporated off, and finally distilled in a current of steam. 
The non-volatile residue solidified on cooling, and was found to be 
nearly pure ethyl 2-imino-3-cyanocyclopentane-l-carboxylate. One 
crystallisation from benzene (it can also be crystallised from water or 
alcohol) rendered it pure, with a melting point of 119°5°, the same as 
that found by Carpenterand Perkin. It boiled without decomposition 
at 180°/15 mm. : 

0°2333 gave 0°5148 CO, and 0°1434 H,O. C=60°16; H=6°83. 

C,H,,0,N, requires C=60°0 ; H=6°7 per cent. 

The alcoholic washings from the purification of this substance 
on being diluted with water deposited a quantity of oil. After 
extraction by means of ether, the oil, on distillation, yielded two 
fractions: (a) 180—185°/15 mm., and (6) 200—210°/15 mm. Both 
fractions solidified on cooling ; the former proved to be ethyl 2-imino- 
3-cyanocyclopentane-1-carboxylate, and the latter contained a substance 
much more soluble in alcohol than the imino-nitrile, which separated 
from dilute alcohol in small needles melting at 104°. The following 
analysis proved this substance to be ethyl ad-dicyanoadipate, 

CO,Et-CH(CN)-CH,°CH,*CH(CN)-CO,Et : 
0°1819 gave 0°3826 CO, and 0:1028 H,O. C=57:36; H=6:28. 
C,,H,,0,N, requires C=57:2; H=6°3 per cent. 


Since this substance occurs later as the chief product in another 
reaction, its properties will be then described. 
The steam distillate obtained in the original condensation contained 
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sme unchanged ethylene dibromide mixed with ethyl carbonate 
and ethyl 1-cyanocyclopropane-l-carboxylate. These compounds were 
separated in the first instance by slow distillation in a current of 
steam, when ethylene dibromide and ethyl carbonate passed over first 
and ethyl 1-cyanocyclopropane-l-carboxylate subsequently. 

The point of separation was roughly gauged by noticing the moment 
at which the oil passing over ceased to sink at once in the condensed 
steam, and when this point was reached the receiver was changed and 
the nitrile ester collected. Complete separation was finally effected 


liocyano- 


opentane 
y hydro- 
n NO case 
form, 


jlate by extracting the steam distillates with ether and fractionally 
distilling the residues, after evaporating the ether. Ethyl 1-cyano- 
le.—The | ‘y/opropane-1-carboxylate, boiling at 210°/763 mm., was thus easily 
same as obtained pure, although the complete separation of ethyl carbonate 
s found @ %24 ethylene dibromide could not be entirely effected. By using 
instead  * Column, however, a fraction was obtained boiling at 126°, which 
ion had @ (tained only traces of bromine, and gave the following figures 
and the 0 analysis : 
olution, 0:1881 gave 0:3475 CO, and 0:1375 H,O. C=50°39; H=8'12. 
— C,H,,0, requires C=50°3 ; H=8°5 per cent. 
steam. 
1 to be Although, owing to the presence of some ethylene dibromide, these 
One § ‘figures do not agree very well with those required for ethyl carbonate, 
rater or yet there can be no doubt that it consisted almost entirely of this 
ame as ester. Since, however, this substance was clearly shown to’be one of 
osition the products in the condensation of ethyl sodiocyanoacetate and ethyl 
l-cyanocyclopropane-l-carboxylate (see p. 698), it was not thought 
83. necessary to attempt to purify it further in the present instance. 
(2) From Ethyl Sodiocyanoacetate and Ethyl 1-Cyanocyclopropane- 
ated L-carbowylate.— When equimolecular quantities of these substances are 
After dissolved in alcohol and heated on the water-bath, the insoluble sodium 
2 aa compound of the cyano-ester rapidly dissolves, and if the reaction 
Both is stopped at this stage and the products isolated in the same manner 
satis as described in the previous condensation, a yield of about 30 per cent. 
aiid of ethyl 2-imino-3-cyanocyclopentane-l-carboxylate is obtained together 
weal with some l-imino-2-cyanocyclopentane. As mentioned in the intro- 
owing duction, there are, however, other products formed in this reaction 
which are evidently of higher molecular weight, and although the 
constitutions of these have not as yet been ascertained, yet their 
" formation is undoubtedly due to the presence of free sodium 
sais ethoxide generated in the course of reaction. In order to obviate 
this, an excess of ethyl cyanoacetate was used in the condensation, or, 
other in other words, the condensation of the two ethyl salts was effected by 
: means of a small quantity of ethyl sodiocyanoacetate. The conditions 
ained found most suitable were the following. Two grams of sodium were 
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dissolved in 50 grams of ethyl alcohol, and 10 grams of ethyl 
cyanoacetate added. Forty-eight grams of ethyl 1-cyanocyclopropane- 
l-carboxylate were then mixed with 39 grams of ethyl cyanoacetate, 
and the mixture added to the above solution, the whole being heated 
on the water-bath for four hours. At the end of this time a quantity 
of white solid had separated, which was collected, and proved to be 
the sodium compound of ethyl cyanoacetate. 

The alcoholic filtrate from the above salt was mixed with water, 
yielding a neutral solution, which was distilled in a current of steam 
until free from volatile products. The oil remaining, which solidified 
on cooling, was collected, and the crude ethyl 2-imino-3-cyanocyelo- 
pentane-l-carboxylate obtained in this way purified by rubbing with 
cold alcohol and filtering, the solid being subsequently washed with 
cold alcohol until quite colourless, The product melted at 118—119°, 
and did not therefore require further recrystallising. The steam- 
distillate, on saturation with ammonium sulphate and extraction with 
ether,* yielded an oil practically the whole of which boiled between 
120° and 130°, and, on redistillation, yielded pure ethyl carbonate 
boiling at 125°/763 mm. : 

0°2062 gave 0°3843 CO, and 0:1541 H,O. C=50°81 ; H=8°30. 

C;H,,0, requires C=50°8 ; H =8°5 per cent. 

The identity of this substance was proved by the formation of 
carbamide on heating it with ammonia in a sealed tube at 180°. Only 
a very small quantity of ethyl 1-cyanocyclopropane-l-carboxylate was 
recovered unchanged, the yield of the imino-nitrile together with 
1-imino-2-cyanocyclopentane being about 75 per cent. of the theoretical 
amount. No ethyl ad-y-dicyanoadipate could be detected among the 
products of the reaction, for, although the alcoholic washings from the 
imino-nitrile precipitated an oil on the addition of water, yet, on 
standing, it again solidified, and was found to consist almost entirely 
of the imino-nitrile. 


Ethyl a8-Dicyanoadipate (XXXVI, p. 694) and its Conversion into 
Ethyl 2-Imino-3-cyanocyclopentane-1-carboxylate. 


The preparation of ethyl ad-dicyanoadipate, unaccompanied by the 
imino-nitrile, was effected by condensing ethyl sodiocyanoacetate with 
ethyl 1-cyanocyclopropane-l-carboxylate under conditions in which no 
alcohol was present. Pure ethyl sodiocyanoacetate was prepared by 
dissolving 11°5 grams of sodium in 130 grams of alcohol, adding 
57 grams of ethyl cyanoacetate, and mixing the solution with an equal 
volume of carefully dried ether. ‘he white sodium compound was 

* This method of treatment of the steam-distillate was used in each of the cases 
described later. 
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then collected and thoroughly washed with dry ether, for which 
purpose it was found more convenient to transfer the sodium compound 
toa flask and agitate with ether rather than to wash it on the filter 
funnel. The washing and filtering process was repeated four times, 
since it is essential to the success of the experiment that the last 
traces of alcohol should be removed. .The sodium compound was 
finally dried ona porous plate and left in an evacuated desiccator over 
sulphuric acid for twenty-four hours. Twenty-seven grams of the 
dried sodium compound were suspended in 100 c.c. of carefully dried 
benzene and mixed with 28 grams of ethyl 1-cyanocyclopropane-1-carb- 
oxylate, the whole being heated on the water-bath for three hours. As 
the reaction proceeded, the white sodium compound became gradually 
yellow, and at the end of three hours the flask had become filled witha 
pale yellow, gelatinous solid. The product was then freed from benzene 
by distillation, dilute acetic acid added until faintly acid, and the whole 
distilled in a current of steam. Only asmall quantity of oil, consisting 
for the most part of benzene, passed over, and the residue, which was 
a viscid oil, was isolated .by means of ether, and on distillation under 
diminished pressure gave a principal fraction boiling at 208—210°/ 
15 mm., which solidified on cooling. The solid was spread on a porous 
plate and crystallised from dilute alcohol, being obtained in small, 
colourless needles melting at 104°: 


01811 gave 0°3792 CO, and 071031 H,O. C=57:11; H=6°33. 
C,,H,,0,N, requires C=57'2; H=6°3 per cent. 

Ethyl a8-dicyanoadipate is very soluble in cold alcohol, and this 
property serves at once to distinguish it from ethyl 2-imino- 
3-cyanocyclopentane-l-carboxylate. No trace of this imino-nitrile 
could be detected among the low boiling products of this reaction. 

Hydrolysis to Adipic Acid.—The constitution of the above ester was 
proved by its hydrolysis by means of alcoholic potash to adipic acid. 
Five grams were mixed with an alcoholic solution containing three 
times the calculated quantity of potash, and heated on the water-bath 
in a flask fitted with a reflux condenser for twelve hours. The 
alcohol was then evaporated, water added, and the solution boiled 
until ammonia ceased to be evolved, when the solution was acidified 
and yielded, on extraction with ether, a viscid oil which rapidly 
solidified. It crystallised from hot water in lustrous, colourless plates 
melting at 149°: 

0'1750 gave 0°3160 CO, and 01091 H,O. C=49°:25; H=6:93. 

C,H,,0, requires C= 49-3 ; H= 6-9 per cent. 


The acid is therefore evidently adipic acid. 
Conversion into Ethyl 2-Imino-3-cyanocyclopentane-|-carboxylate.— 
The transformation of ethyl ad-dicyanoadipate into this imino-nitrile 
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cannot be effected by the aid of sodium ethoxide, since this substance 
reacts further on the imino-nitrile, forming 1-imino-2-cyanocyclopentane 
(see below), but a good yield may be obtained by employing the sodium 
compound of ethyl cyanoacetate in the following manner. Five grams 
of ethyl ad-dicyanoadipate were dissolved in 20 c.c. of alcohol and the 
clear solution mixed with ethyl sodiocyanoacetate, prepared by adding 
5 grams of ethyl cyanoacetate to a solution of 1 gram of sodium in 
alcohol. After warming on the water-bath for ten minutes, the solution 
was poured into water and distilled ina current of steam. The residue, 
which completely solidified on cooling, was collected, washed with cold 
alcohol until colourless, and crystallised from benzene, yielding the 
characteristic crystals of ethyl 2-imino-3-cyanocyclopentane-1-carb- 
oxylate melting at 119°. 

The steam distillate on extraction with ether was found to contain 
only ethyl carbonate boiling at 126°. 

Conversion into 1-Imino-2-cyanocyclopentane.—As mentioned above 
the action of alcoholic sodium ethoxide on ethyl a-dicyanoadipate 
leads to the formation of this imino-nitrile, but the conditions are 
difficult to regulate, and the description of the preparation and pro- 
perties of the compound will therefore be reserved until later (p. 708). 
A considerable quantity may be obtained, however, in the following 
way. One gram of sodium is dissolved in 10 c.c. of alcohol and the 
solution added to 5 grams of the ethyl salt, also dissolved in alcohol. 
The solutions on being mixed become at once yellow and then rapidly 
darken, heat being generated at the same time. The reaction is 
finished at the end of three minutes, when an equal volume of water 
is added, and the clear solution rendered faintly acid by means of 
acetic acid. The solution is evaporated in a vacuum, when after 
some hours crystals separate which on recrystallisation from benzene 
yield long, flat needles melting at 147°. The identity of this substance 
with 1-imino-2-cyanocyclopentane was established by direct comparison 
with the compound prepared by the method described on p. 708. 


Ethyl 5-Cyanocyclopentan-1-one-2-carboxylate (VIII, p. 687). 


Twenty grams of ethyl 2-imino-3-cyanocyclopentane-1-carboxylate 
were added to 100 grams of concentrated hydrochloric acid, and the 
clear yellow solution kept at the ordinary temperature for five 
minutes. An equal volume of water was then added, and the oil 
which separated was extracted with ether. 

The keto-nitrile is appreciably soluble in dilute hydrochloric acid, 
and hence the above extraction with ether must be carried out at 
least four times. After washing the ethereal solution with water, the 
keto-nitrile was extracted from it with dilute sodium carbonate 
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solution, which, on being acidified, deposited this substance as a heavy, 
colourless oil. By means of ether an oil was obtained which distilled 
at 172—174°/18 mm. : 

01850 gave 0°4038 CO, and 0°1032 H,O. C=59°53; H=6:19. 

C,H,,0,N requires C=59-7 ; H=6:1 per cent. 

During the process of distillation, the keto-nitrile undergoes con- 
siderable decomposition, and much loss is entailed thereby. It is 
therefore advisable not to distil this substance, but to use the product 
obtained from the sodium carbonate extract, which is sufficiently pure 
for further work. The yield from the imino-nitrile is practically 
quantitative. 

Ethyl 5-cyanocyclopentan-1-one-2-carboxylate is a fairly viscid, 
colourless oil, which dissolves in alkali carbonate solutions with 
effervescence. In alcoholic solution it gives a deep violet colour with 
ferric chloride. : 

CH,———CH(CN) 

CH, *CH(CO:N HPh) 700, 
is prepared by boiling the keto-nitrile with excess of aniline a five 
minutes and pouring the cooled solution into dilute hydrochloric acid. 
The oil, which remains undissolved, solidifies on keeping, and when 
crystallised from alcohol, yields white crystals resembling asbestos, 
which melt at 170°: 

0'1801 gave 0°4534 CO, and 0:0920 H,O. C=68:65; H=5°67. 

02002 , 205ec. N, at 15° and 773 mm. N,=12°2. 

C,,H,,0,N, requires C=68:4 ; H=5°3 ; N=12°3 per cent. 
CH, —CK(CN) 
CH,* CH(CO, Et) 
crystals on adding an leslie solution containing the calculated 
quantity of potash to a solution of the ethyl salt in alcohol. It 
separates from hot methyl alcohol in needles, but is only sparingly 
soluble in hot ethyl] alcohol : 

0°1968 gave 0:°0771 K,SO,. K=17'56. 

C,H,,O,NK requires K = 17°8 per cent. 

The potassium salt dissolves in water without change, and the 
solution, on acidifying, yields the ethyl salt from which the potassium 
salt was derived. The silver salt is prepared by adding the calculated 
quantity of silver nitrate solution to a solution of the potassium salt 
in water. When first precipitated, it is a white, curdy solid, which, 
however, rapidly becomes crystalline on shaking. It blackens on 
warming : 

0:2345 gave 0:0876 Ag. Ag=37°36. 

C,H,,0,NAg requires Ag = 37°5 per cent. 


2-Cyano-5-carbanilinocyclopentan-1-one, 


The potassium salt, | 


>CO, is precipitated in white 
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The Products of Hydrolysis of Ethyl 5-Cyanocyclopentan-1-one- 
2-carboxylate. 


(1) eycloPentanone.—This substance is the product of the complete 
acid hydrolysis of the above ester, and can be obtained in the following 
manner. ‘len grams are added to 20 grams of concentrated sulphuric 
acid, and the solution kept at the ordinary temperature for three 
hours, when three times the volume of water is added and the solution 
heated under reflux for three hours. Distillation of the solution in a 
current of steam yields an oil which distils at 130°/756 mm. as a 
colourless, mobile liquid : 

0°1921 gave 05015 CO, and 0°1660 H,O. C=71:21; H=9-62. 

C,H,O requires C=71°4 ; H=9°5 per cent. 

The substance was characterised by the formation of the semi- 
carbazone, which crystallises from alcohol in lustrous plates melting at 
203° : 

0°1893 gave 0°3535 CO, and 0°1349 H,O. C=50:92; H=7:92. 

C,H,,ON, requires C=51'1 ; H=7'8 per cent. 

(2) 2-Cyanocyclopentan-l-one.—The details of the preparation and 
the properties of this substance are given on p. 709, 

(3) Adipie Acid.—Ethyl 5-cyanocyclopentan -1-one-2-carboxylate, 
owing to the formation of the alkali salt, is very stable towards 
alkaline-hydrolysing agents, but on prolonged boiling ammonia is 
evolved, and if the action is continued until the evolution has ceased, 
the solution, on acidifying and extracting, yields adipic acid melting 
at 149°. 


Ethyl 5-Cyano-5-methyleyclopentan-1-one-2-carboxylate (XII, p. 687). 


‘This substance is readily prepared by the action of methyl iodide on 
the potassium salt of ethyl 5-cyanocyclopentan-l-one-2-carboxylate, 
although subsequent experiments on its hydrolysis showed that a 
small quantity of the methoxy-derivative (XIII, p. 687) is formed at 
the same time. For this purpose 10 grams of the dried salt were 
suspended in absolute alcohol, mixed with excess of methyl] iodide, 
and heated on the water-bath for three hours. The alcohol and 
excess of methyl iodide were then evaporated, water added, and the 
resulting oil, after extraction with ether, distilled without decom- 
position at 170—171°/18 mm. : 

0°1873 gave 04209 CO, and 01151 H,O. C=61:29; H=6°83. 

C,,H,,0,N requires C=61'5; H=6°7 per cent. 


The methyl derivative 1s insoluble in cold aqueous solutions of 
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alkali carbonates and hydroxides. Its alcoholic solution gives an 
intense red coloration with ferric chloride. 
2-Cyano-5-carbanilino-2-methylcyclopentan-1-one, 
CH,——CMe(CN) 
(H,-CH(CO-NHPh) -”’ 

is the only crystalline derivative we could prepare from the methyl 
derivative in order to characterise it. It is formed when the ethyl 
salt is boiled with excess of aniline for fifteen minutes, and is isolated 
by pouring the cooled product into dilute hydrochloric acid. The oil 
which remains undissolved slowly becomes solid, and when crystallised 
from ethyl alcohol, yields white, feathery needles melting at 163°: 


0:2015 gave 05111 CO, and 0:1037 H,O. C=69:16; H=5-71. 
C,,H,,0,N, requires C=69°4 ; H=5°8 per cent. 
Ethyl 5-cyano-5-methylcyclopentan-1l-one-2-carboxylate does not 
react with semicarbazide, and when treated with phenylhydrazine 
yields on oily phenylhydrazone which could not be crystallised. 


The Products af Hydrolysis of Ethyl 5-Cyano-5-methylcyclopentan-1-one- 
2-carboxylate. 


(1) 2-Cyano-2-methyleyclopentan-l-one.—A. full description of the 
properties of this substance is given on p. 711, where another 
method for its preparation is described. Its formation from ethyl 
5-eyano-5-methyleyclopentan-l-one-2-carboxylate in the present in- 
stance is of importance, however, as showing that the methyl group 
in the methylation of this ethyl salt attaches itself to the carbon atom 
united with the nitrile group and not to that attached to the 
carbethoxyl group. 

The preparation can be effected as follows: Five grams of the ethyl 
salt are added to 100 c.c. of a 10 per cent. solution of sulphuric 
acid, and the mixture is slowly distilled in a current of steam. The 
keto-nitrile, as soon as formed, passes over, and is finally obtained as 
an oil distilling at 230°/765 mm. : 

01795 gave 04451 CO, and 071165 H,O. C=67:°92; H=7-21. 

C,H,ON requires C=68°3 ; H=7'3 per cent. 

The compound was characterised as 5-cyano-5-methyleyclopentan- 
lone by the formation of the semicarbazone melting at 210°. 

(2) 2-Methyleyclopentan-1-one. —This substance is the chief product of 
the prolonged action of dilute sulphuric acid on ethyl 5-cyano-5-methyl- 
cyclopentan-1-one-2-carboxylate, and can be isolated in the following way. 
Ten grams of the ethyl salt are mixed with 20 grams of concentrated 
sulphuric acid, and the clear solution kept at the ordinary tempera- 
ture for six hours, when three times the volume of water is added, and 

ZZ2 
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the solution boiled in a flask under reflux for three hours. The 
solution is then distilled in a current of steam, the distillate furnish- 
ing 2-methyleyclopentan-l-one, boiling at 140°/765 mm., as found by 
Bouveault (loc, cit.) and Wallach (loc. cit.) : 


02103 gave 0°5657 CO, and 0:1951 H,O. C=73°37; H=10°31, 
C,H,,O requires C=73'5; H=10°2 per cent. 
The semicarbazone, C,H,,ON,, crystallises from alcohol in colourless 
plates melting at 174—176° (compare Wallach, loc. cit.) : 


0:1924 gave 0°3812 CO, and 0°1473 H,O. C=5403; H=8°51. 
C,H,,ON, requires C=54'2 ; H=8-4 per cent. 

(3) 8-Cyanobutylmalonic Acid (XXIII, p. 689).—Although exceed- 
ingly stable towards acid hydrolysing agents, the cyclopentane ring is 
readily broken by the action of alkalis, and when ethyl 2-cyano-2-methy]- 
cyclopentane is warmed with alcoholic potash, it is completely trans- 
formed into the above acid. The conditions employed were as follows: 
Eight grams of the ethyl salt were added to a solution containing two 
equivalents of potash dissolved in alcohol, when heat was generated, 
the solution became pale brown in colour, and a test portion added to 
water was found to precipitate no oil. Water was then added and the 
alcohol evaporated, the solution being subsequently acidified by means 


of hydrochloric acid. On adding the acid, a small quantity of oil 
separated, which was separated by means of ether and proved to be 
ethyl 5-cyanocyclopentan-l-one-2-carboxylate. It is evident there 
fore that a small quantity of the methoxy-derivative, 


CH,—— O(CN) 

CH,°CH(CO,Et) 
had been formed in the methylation of ethyl] 5-cyanocyclopentan-1-one- 
2-carboxylate. The mother liquor was then saturated with ammonium 
sulphate and extracted with ether, by which means a thick syrup was 
obtained which gradually solidified. The solid was spread on a porous 
plate and crystallised from dilute hydrochloric acid, from which 
colourless needles separated, melting at 95°, and evolving carbon 
dioxide at 170°: 

0:1872 gave 0°3550 CO, and 01005 H,O. C=51:'71; H=4°97. 

C,H,,0,N requires C=51‘9 ; H=5°9 per cent. 

The silver salt, C,H,O,NAg,, is obtained as a white, crystalline 
precipitate on adding the calculated quantity of a solution of silver 
nitrate to a neutral solution of the ammonium salt of the acid: 

0:2417 gave 0'1306 Ag. Ag=54°02. 

C,H,O,NAg, requires Ag = 54°14 per cent. 

(4) 8-Cyanohexoie Acid, CN‘CHMe’CH,°CH,°CH,°CO,H, and ¢ 

Methyludipic Acid, CO,H*-CHMe:’CH,°CH,°CH,:CO,H.—The prepara 
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tion of 6-cyanohexoic acid is described on p. 712, and its properties 
are given there. It is formed in the present instance by heating 
§-cyanobutylmalonic acid at 180° until the evolution of carbon dioxide 
has ceased. The oily product did not solidify. Methyladipic acid is 
formed by the prolonged action of aqueous potassium hydroxide on 
§-cyanohexoic acid, the experimental conditions being also described on 


p. 712 


Ethyl 5-Cyano-2 : 5-dimethylceyclopentan-1-one-2-carboxylate 
(XVI, p. 688). 


The further methylation of ethyl 5-cyano-5-methyleyclopentan-1l-one- 
2-carboxylate was; effected by the aid of sodium ethoxide and methyl 
iodide in the following manner. Ten grams of the ethyl salt were 
added to an alcoholic solution containing 1°2 grams of sodium, and the 
solution after being mixed with 10 grams of methyl iodide was heated 
on the water-bath until neutral. The excess of methyl iodide was then 
distilled off, water added, and the oil extracted with ether. Since a 
test portion of the oil still gave a red colour with ferric chloride in 
alcoholic solution, the above operation was again repeated with the same 
quantities, The final ethereal extract yielded an oil which distilled 
at 182—183°/15 mm. as a colourless, fairly viscid liquid : 

0:1947 gave 0°4489 CO, and 0°1280 H,O. C=62°87; H=7°31. 

C,,H,,0,N requires C= 631 ; H =7:2 per cent. 
The ethyl salt gave no coloration with ferric chloride. 

The semicarbazone, C,,H,,0,N,, erystallises from alcohol in micro- 
scopic needles melting and decomposing at 193° : 

0:1899 gave 0°3754 CO, and 0°1177 H,O. C=53:91 ; H=6°89. 

C,,H,,0,N, requires C=54'1 ; H=6°8 per cent. 


The Products of Hydrolysis of Ethyl 5-Cyano-2 : 5-dimethylcycio- 
pentan-1-one-2-carboxylate. 


(1) 2: 5-Dimethyleyclopentan-1-one.—This substance is formed by 
the prolonged hydrolysis of ethyl 5-cyano-2 : 5-dimethyleyclopentan-1- 
one-2-carboxylate with sulphuric acid, and can be prepared in the 
following way. Five grams of the ethyl salt are mixed with 20 grams 
of concentrated sulphuric acid, and the clear solution is kept for six 
hours, when three times the volume of water is added and the solution 
boiled in a flask under reflux for three hours. On distillation in a 
current of steam, an oil is obtained which distils at 149°/758 mm. as a 
clear, mobile liquid : 

0:2001 gave 0°5491 CO, and 0:1946 H,O. C=74:'83; IZ =10°81. 

C,H,,0 requires C= 75-0 ; H=10°7 per cent. 
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Zelinsky and Rudsky (Ber., 1895, 28, 404) give 145—147° as the 
boiling point of this substance. 

The semicarbazone, C,H,,ON,, crystallises from alcohol in colourless 
plates melting at 171°. 

(2) 2-Cyano-2 :5-dimethyleyclopentan-l-one (XVII, p. 688).—This 
substance was prepared by slowly distilling ethyl 5-cyano-2 : 5-di. 
methyleyclopentan-1-one-2-carboxylate (5 grams) from 10 per cent, sul- 
phuriec acid (100 c.c.) in a current of steam. The distillate furnished 
an oil, distilling at 241°/773 mm. as a colourless, mobile liquid : 

01793 gave 04596 CO, and 01325 H,O. C=69°91; H=8-21. 

C,H,,ON requires C=70°1; H=8-0 per cent. 
The keto-nitrile is sparingly soluble in cold water. 

The semicarbazone, C,H,,ON,, separates from alcohol in colourless 
plates melting and decomposing at 205°. 

(3) 8-Cyanomethylbutylmalonic acid (XXIV, p. 689) is formed by 
the hydrolysis of ethyl 5-cyano-2 : 5-dimethyleyclopentan-1-one-2-carb- 
oxylate by means of alcoholic potash in the following manner. Five 
grams of the ethyl salt were added to an alcoholic solution containing 
slightly more than the theoretical quantity of potash, and the solu- 
tion heated on the water-bath until a test portion was completely 
soluble in water. Water was then added, the alcohol evaporated, the 
solution acidified, and extracted with ether. The ethereal solution 
yielded a thick syrup, which slowly set to a crystalline mass. It was 
purified by spreading on a porous plate and recrystallising from dilute 
hydrochloric acid, which gave microscopic needles melting at 106° and 
evolving carbon dioxide at 170°: 

0°1915 gave 0°3835 CO, and 0:1093 H,O. C=5461; H=6:34. 

C,H,,0,N requires C=54'3 ; H=6°5 per cent. 

The silver salt, C,H,,0,NAg,, is a white, crystalline substance which 
rapidly darkens on warming : 

0:2193 gave 01144 Ag. Ag=52°17. 

C,H,,0,NAg requires Ag = 52:3. 

(4) 8-Cyano-a-methylhexoic Acid, CN‘CHMe'CH,-CH,*CHMe:C0,H. 
—This substance can be prepared by heating 5 cyanomethylbutylmalonic 
acid under the following conditions. Three grams of the acid were 
heated in a test-tube placed in a bath of sulphuric acid until the 
evolution of carbon dioxide had ceased. The viscid liquid remaining, 
which did not solidify, was shaken with ether, and the ethereal 
solution after evaporation yielded a liquid which showed no signs of 
crystallising after being kept for several weeks in an evacuated 
desiccator : 

0°1820 gave 0°4116 CO, and 0°1361 H,O. C=61°67; H=83l. 

C,H,,0,N requires C=61'9; H=8-4 per cent. 
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The silver salt, C,H,,0,NAg, separates from a neutral solution of 
the ammonium salt of the acid on addition of the calculated quantity 
of silver nitrate solution, as a white, gelatinous precipitate : 

0:2181 gave 0°0895 Ag. Ag=41:03. 

C,H,,0,NAg requires Ag = 41°2 per cent. 

The salt is soluble in hot water, and separates from the solution on 
cooling in needles. The solution, however, rapidly darkens, unless 
cooled immediately. 

(5) ad-Dimethyladipie Acid, CO,H-CHMe-CH,-CH,-CHMe-CO,H.— 
The complete hydrolysis of ethyl 5-cyano-2 : 5-dimethyleyclopentan- 
l-one-2-carboxylate by means of alcoholic potash leads mainly to the 
formation of the a-modification of the above acid, although a small 
quantity of the 8-modification was isolated from the mother liquors. 
The process adopted was as follows: Five grams of the ethyl salt were 
heated with a solution of one and a-half times the calculated quantity 
of potash dissolved in alcohol on the water-bath, water being added 
from time to time to replace the alcohol lost by evaporation. The 
process was continued ‘for six hours, when the odour of ammonia 
ceased to be apparent. The solution was then acidified, saturated with 
ammonium sulphate, and extracted with ether. The ethereal solution 
yielded on evaporation a thick syrup which rapidly solidified. The 
solid was spread on a porous plate, and crystallised several times from 
water, ultimately yielding prisms melting at 140—141° (compare 
Zelinsky, Ber., 1891, 24, 4002) : 

0:1911 gave 0°3849 CO, and 071416 H,O. C=54:92; H=8:23. 

C,H, ,0, requires C=55°1 ; H=8°0 per cent. 

The mother liquors on evaporation yielded a solid from which, by 
repeated recrystallisation, a small quantity of an acid melting at 74° 
was obtained. This was evidently the B-modification of the acid, but 
the quantity at our disposal was too small for further investigation. 


Ethylation of Ethyl 5-Cyanocyclopentan-1-one-2-carboxylate. 


The ethylation of this ester was carried out in order to ascertain 
whether the ethyl group would attach itself to oxygen or to carbon, 
with the result that the product was found to consist of a mixture of 
about four parts of the O-ethyl derivative to one part of the C-ethyl 
derivative. The operation was effected in the same manner as in the 
corresponding methylation (p. 702). An oil was obtained which 
distilled at 190—191°/18 mm. as a fairly viscid, colourless liquid, the 
alcoholic solution of which gave a red colour with ferric chloride : 


0:1987 gave 0°4575 CO, and 071303 H,O. C=62:80; H=7:29. 
C,,H,,0,N requires C= 63:1 ; H 7-2 per cent. 
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On account of the constant boiling point of this liquid, and the fact 
that it gave a coloration with ferric chloride, it was at first thought 
to be the pure C-ethyl derivative, but this view was at once found to 
be wrong when the behaviour of the substance towards alcoholic 
potash was studied ; when it was warmed with an alcoholic solution 
containing two equivalents of potash, a clear solution was obtained on 
adding water, and on rendering the solution acid, ethyl 5-cyanocyclo. 
pentan-l-one-2-carboxylate was precipitated. The quantity of ethyl 
5-cyanocyclopentan-l-one-2-carboxylate regenerated in this manner 
showed that at least four-fifths of the above product of ethylation 
must have consisted of the O-ethyl derivative, and that the colour 
produced by ferric chloride must therefore have been due to the 
presence of a small quantity of the C-ethyl derivative. We were 
unable to devise any method for the separation of these two substances, 

Acid Hydrolysis of the Miature.—The presence of both the C-ethyl 
and O-ethyl derivatives of ethyl 5-cyanocyclopentan-l-one-2-carboxylate 
in the product formed by the ethylation of the potassium salt of this 
’ substance was also demonstrated by distilling the mixture (20 grams) 
from 10 per cent. sulphuric acid (200 ¢.c.) in a current of steam, when 
both 2-eyanocyclopentan-l-one and 2-cyano-2-ethyleyclopentane were 
formed. The distillate yielded an oil which on fractionation under 
ordinary pressure yielded ultimately two fractions: (a) 228—231°, 
giving a semicarbazone melting at 190°, and (b) 240—241°, giving a 
semicarbazone melting at 220°. The lower boiling fraction was there- 
fore 2-cyanocyclopentan-l-one and the higher boiling fraction was 
2-cyano-2-ethyleyclopentan-l-one, the proportion of the two com- 
pounds being about four parts of the former to one part of the 
latter, This experiment therefore confirms the composition of this 
mixture ascertained by the alkaline hydrolysis in the manner stated 
above. 


1-Jmino-2-cyanocyclopentane (IV, p. 685). 


This substance was originally prepared in an attempt to methylate 
ethyl 2-imino-3-cyanocyclopentane-l-carboxylate by the action of 
sodium ethoxide and methyl iodide, and was found to be the sole 
product of this reaction. As it had evidently been formed by the 
elimination of the carbethoxy! group from this substance by the action 
of the sodium ethoxide, an attempt was made to prepare it by the 
action of this reagent alone, and a small yield was obtained by this 
means. The reaction is, however, difficult to control. Thus ethyl 
2-imino-3-cyanocyclopentane-1-carboxylate, when added to an equiva- 
lent of sodium dissolved in alcohol, forms a pale yellow solution, 
which, however, rapidly darkens, and if, after the lapse of a few 
minutes, the solution is neutralised with acetic acid and the excess of 
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alcohol evaporated in a vacuum, a residue remains which when treated 
with water yields a quantity of the above insoluble imino-nitrile. 
This substance can, however, be readily and quantitatively prepared 
from ethyl 2-imino-3-cyanocyclopentane-1-carboxylate by the following 
process. Ten grams of the ethyl salt are suspended in 20 c.c. of water and 
the mixture rendered strongly alkaline with aqueous potassium hydr- 
oxide, On warming to 50° and shaking, the ethyl salt quickly dissolves, 
and if the warm solution is at once acidified with acetic acid, carbon 
dioxide is at once evolved and 1-imino-2-cyanocyclopentane separates 
out. The solution, however, must be only just acid, and it is better, 
in the first instance, to neutralise the solution with acetic acid and 
filter the imino-nitrile formed, subsequently adding more acetic acid to 
obtain a further quantity of this substance. This is advisable because 
excess of acetic acid slowly hydrolyses 1-imino-2-cyanocyclopentane to 
2-cyanocyclopentan-l-one. = 1-Zmino-2-cyanocyclopentane crystallises 
from benzene in long, flattened needles resembling m-dinitrobenzene in 
form and colour, It melts at’ 147° and distils at 271°/751 mm. 
without decomposition. At a lower temperature it sublimes in fern- 
like needles : 

(1) 0°:1880 gave 0°4609 CO, and 0°1269 H,O. C=66:86; H=7°50. 

(2) 01803 ,, 04411 CO, ,, 0°1260 H,O. C=66'72; H=7°76. 

C,H,N, requires C=66'7; H=7'4 per cent. 

The imino-nitrile is sparingly soluble in cold ether and can be 
recrystallised from this solvent. It is sparingly soluble in cold 
alcohol, and can be recrystallised from hot water, but undergoes partial 
hydrolysis during the process, It dissolves instantly in dilute mineral 
acids, forming 2-cyanocyclopentan-l-one and the ammonium salt of the 
acid used, but it is remarkably stable towards alkali hydroxides ; thus 
it can be fused with concentrated aqueous potassium hydroxide at a 
temperature of 150°, and merely sublimes unchanged from the solution. 
We were in fact unable to prepare adipic acid from it by this method. 
The imino-nitrile reacts with phenylhydrazine in acetic acid solution, 
forming the phenylhydrazone of 2-cyanocyclopentan-l-one, and with 
semicarbazide in acetic acid, forming the semicarbazone of this 
substance, but the formation of these compounds is evidently due to 
the hydrolysis of the imino-group by the acetic acid present. These 
substances are described below. 


2-Cyanocyclopentan-1-one (IX, p. 687). 


This keto-nitrile can be prepared by the distillation of ethyl 
2-imino-3-cyanocyclopentane-1-carboxylate or ethyl 5-cyanocyclopentan- 
l-one-2-carboxylate (10 grams) from their solutions in 10 per cent. 
sulphuric acid (100 c.c.) in a current of steam, and this is the best way of 
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preparing this substance in quantity, since, owing to the fact that at 
the moment of its formaticn the keto-nitrile is removed by the steam, 
the formation of other products is prevented. It may also be prepared 
from 1-imino-2-cyanocyclopentane by dissolving this imino-nitrile in 
dilute hydrochloric acid and, after saturating the solution with 
ammonium sulphate, extracting with ether. 2-Cyanocyclopentan-1-one 
is a mobile oil which distils without decomposition at 229—230° 
773 mm. : 
0°1769 gave 0°4272 CO, and 0:0998 H,O. C=65°86; H=6:26 
C,H,CN requires C=66'1 ; H=6°4 per cent. 

The keto-nitrile dissolves in about 20 volumes of cold water, 
and the solution gives a green colour with ferric chloride. It is 
insoluble in aqueous solutions of alkali hydroxides or carbonates, 
but is at once acted on by alcoholic potash or the warm aqueous 
alkali, forming 5-cyanovaleric acid (see below). It possesses a most 
characteristic odour. 

The semicarbazone, C,H,,ON,, separates from alcohol, in which it is 
sparingly soluble, in small plates melting and decomposing at 190°: 

0°1931 gave 0°3595 CO, and 0:1076 H,O. C=50°77; H=6'19. 

C,H,,ON, requires C=50°6 ; H=6-0 per cent. 

The phenylhydrazone, C,.H,,N,, crystallises from alcohol in colourless 
needles melting at 126°: 

0°1864 gave 0°4959 CO, and 0°1137 H,O. C=72:55 ; H=6°77. 

C,,H,,N, requires C=72°4 ; H=6°5 per cent. 

The sodium compound, C,H,ONNa, separates as a crystalline 
precipitate on adding an alcoholic solution containing the calculated 
quantity of sodium ethoxide to an alcoholic solution of the keto- 
nitrile. It is sparingly soluble in hot alcohol, but separates from a 
large volume of this solvent in fine needles 

0°2359 gave 0:1275 Na,SO,. Na=17°51. 

C,H,ONNa requires Na=17°6 per cent. 

The sodium compound readily dissolves in water with immediate 

dissociation, formi@y the sodium salt of 6-cyanovaleric acid. 


The Products of Hydrolysis of 2-Cyanocyclopentan-1-one. 


(1) eycloPentanone.—The cyclopertane ring is stable towards acid 
hydrolysing agents, and if 2-cyanocyclopentan-l-one is boiled with 
dilute sulphuric acid for six hours and the product distilled in a curreat 
of steam, cyclopentanone passes over. 

It was characterised by the formation of its semicarbazone melting 
at 203°. 

(2) 8&-Cyanovaleric Acid (XXVII, p. 690).—This is at once formed 
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by the action of alkali hydroxides in alcoholic solution on 2-cyano- 
cyclopentan-l-one, but is best prepared by dissolving the sodium 
compound of this substance in water, acidifying the solution with 
hydrochloric acid, and extracting with ether. ‘The acid appears to be a 
liquid at the ordinary temperature (compare Dieckmann, Ber., 1900, 
33, 574): 
01891 gave 0°3912 CO, and 0°1186 H,O. C=56°42; H=6:97. 
C,H,O,N requires C= 56°7 ; H=7°1 per cent. 

The silver salt, C,H,O,NAg, is precipitated from a neutral solution 
of the ammonium salt of the acid on adding the calculated quantity of 
silver nitrate solution. It isa white, crystalline powder which darkens 
on exposure to light: 

0'2179 gave 0°1004 Ag. Ag=46-07. 

C,H,O,NAg requires Ag = 46:2 per cent. 

By the further action of aqueous potassium|jhydroxide on 6-eyano- 
valeric acid, ammonia is evolved, and if the action is continued until 
the evolution has ceased, the solution on acidifying with hydrochloric 
acid and extracting with ether yields adipic acid melting at 149°. 


2-Cyano-2-methyleyclopentan-l-one (XLV, p. 688). 


This compound can be readily prepared from 2-cyanocyclopentan- 
lone in the following way. Ten grams of the keto-nitrile are mixed 
with an equal volume of alcohol, and the solution added to an 
alcoholic solution of 2:2 grams of sodium. The sodium compound, 
which is very sparingly soluble in cold alcohol, separates quantita- 
tively, and is collected and washed with alcohol. It is then suspended 
in aleohol, mixed with excess of methyl iodide, and heated on the 
water-bath under a reflux condenser for three hours, when the sodium 
compound will have dissolved. The alcohol and excess of methyl 
iodide are then evaporated, and after extraction with ether an oil 
is obtained which distils at 230°/764 mm. as a clear, mobile liquid : 

01795 gave 0:4451 CO, and 0°1165 H,O. C=67°92; H=7:21. 

C,H,ON requires C=68°3 ; H=7°3 per cent. 

The keto-nitrile is soluble in about 30 volumes of water, and gives 
no colour with ferric chloride. It is insoluble in cold alkali hydr- 
oxides, but is immediately hydrolysed on warming, yielding 6-cyano- 
hexoic acid. 

The semicarbazone, C,H,,ON,, crystallises from alcohol in glistening 
plates melting and decomposing at 210°: 

0'1860 gave 0°3609 CO, and 01041 H,O. C=52:91; H=6°22, 

C,H,,ON requires C=53'3 ; H=6°7 per cent. 
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The Products of Hydrolysis of 2-Cyano-2-methyleyclopentan-1-one, 


(1) 2-Methyleyclopentan-l-one.—-This substance is formed when 
2-cyano-2-methyleyc/opentan-l-one is boiled for six hours with dilute 
sulphuric acid, and is isolated by distilling the product in a current of 
steam. The details of the method are given on page 703, where the 
formation of this substance from ethyl 5-cyano-5-methylcyclopentan- 
1-one-2-carboxylate is described. 

(2) &-Cyanohexoie Acid, CN*'CHMe*CH,°*CH,°CH,°CO,H.—This is 
best prepared by the action of alcoholic potash on the keto-nitrile, 
Five grams are added to an alcoholic solution of the calculated 
quantity of potash, when much heat is generated, and the solution 
becomes first dark brown and then pale yellow. The alcohol is 
evaporated, water added, the solution acidified with hydrochloric 
acid, and extracted with ether. The ethereal extract yields the 
acid as a viscid oil which could not be crystallised : 

01903 gave 04130 CO, and 0°1320 H,O. C=59:19; H=7°71. 

C,H,,0,N requires C=59°6 ; H=7°8 per cent. 

The silver salt, C,H,,O,NAg, is precipitated as a white, micro- 
crystalline solid on adding the calculated quantity of silver nitrate 
solution to a neutral solution of the ammonium salt of the acid. It 
darkens on exposure to light : 

0:2213 gave 0°0961 Ag. Ag=43°42. 

C,H,,O,NAg requires Ag = 43°5 per cent. 

The further action of excess of aqueous potassium hydroxide on 
5-cyanohexoic acid causes ammonia to be evolved, and if the solution 
is heated until the evolution has ceased and then acidified and 
extracted with ether, a-methyladipic acid, 

CO,H:CH Me-CH,°CH,°CH,°CO,H, 
melting at 64°, is obtained (compare Bone and Perkin, Trans., 1895, 
67, 115 ; Montemartini, Gazzetta, 1896, 26, ii, 278): 
0°2012 gave 0°3866 CO, and 0°1380 H,O. C=52°41; H=7°62. 
C,H,,0, requires C= 52:5 ; H=7°5 per cent. 


2-Cyano-2-ethyleyclopentan-l-one (XX, p. 688). 


The conditions for the preparation of this ethyl derivative are the 
same as those just described for the methyl derivative. It is 
mobile oil, which distils at 241°/769 mm. as a colourless liquid : 

0'1896 gave 0°4868 CO, and 0°1401 H,O. C=70°01; H=8-21. 

C,H,,ON requires C=70'1 ; H=8:0 per cent. 

The keto-nitrile is sparingly soluble in cold water, and is insoluble 

in cold potassium hydroxide solution. It is, however, immediately 
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hydrolysed on warming, forming the potassium salt of 8-cyanoheptoic 


acid. 
The semicarbazone, C,H,,ON,, separates from alcohol in colourless 
plates melting at 220°: 


0:2107 gave 0°4293 CO, and 0:1396 H,O. C=55:57; H=7°'36. 
C,H,,ON, requires C=55'7 ; H=7-2 per cent. 


The Products of Hydrolysis of 2-Cyano-2-ethylcyclopentan-1-one. 


(1) 2-Ethyleyclopentan-l-one (XXII, p. 689).—This substance is 
prepared by boiling 5 grams of 2-cyano-2-ethylcyc/opentan-l-one with 
100 c.c. of 10 per cent. sulphuric acid under reflux for six hours and 
then distilling the product in a current of steam. A mobile oil is 
obtained which distils at 149°/756 mm. : 


01940 gave 0°5330 CO, and 0°1890 H,O. C=74:92; H=10°83. 
C,H,,0 requires C= 75:0; H=10°7 per cent. 


The ketone is soluble in about 15 parts of cold water. 
The semicarbazone, C;H,,ON,, crystallises from alcohol in feathery 
needles melting at 177°: 


01943 gave 0°4032 CO, and 0°:1574 H,O. C=5658; H=9-00. 
C,H,,ON, requires C=56°8 ; H=8'9 per cent. 

(2) 8-Cyanoheptoic Acid, CN'CHEt:CH,°CH,°CH,°CO,H.—2-Cyano- 
2-ethyleyclopentan-l-one is at once hydrolysed by alcoholic potash, 
yielding the above acid ; the conditions are as follows. 

Five grams of the keto-nitrile are added to an alcoholic solution 
containing the calculated quantity of potash, when much heat is 
generated and the solution becomes light brown. The alcohol is 
evaporated, and the solution, after diluting and acidifying, extracted 
with ether. The ethereal extract yields the acid as a viscid oil which 
does not show any tendency to crystallise : 

01837 gave 04156 CO, and 0:1373 H,O, C=61:70; H=8'30. 

C,H,,0,N requires C=61°9 ; H=8*4 per cent. 

The silver salt, C,H,,.O,NAg, is obtained as a white, crystalline 
precipitate on adding the calculated quantity of silver nitrate solution 
toa neutral solution of the ammonium salt of the acid. It rapidly 
darkens on exposure to light : 

02372 gave 0:0973 Ag, Ag= 41°02. 

C,H,,0,.NAg requires Ag = 41°2 per cent. 

The further action of aqueous potassium hydroxide on &-cyano- 

heptoic acid causes the evolution of ammonia, and if the action is con- 
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tinued until the evolution has ceased, the solution on acidifying and 
extracting with ether yields a-ethyladipic acid, 
CO,H:CHEt-CH,*CH,°CH,°CO,H, 
melting at 49° (compare Lean and Lees, Trans., 1897, 71, 1067): 
0°1853 gave 0°3734 CO, and 0:1374 H,O,. C=54:95; H=8:24, 
C,H,,0, requires C=55°1 ; H=8°0 per cent. 


Part of the cost of this research has been met by grants from the 
Government Grant Committee of the Royal Society and from the 
Research Fund Committee of the Chemical Society, for which we 
desire to express our indebtedness. 


THE UNIVERSITY, 
MANCHESTER. 


LXXXIIL—Nitrosoacetylamino-derivatives of the 
Benzene and Diphenyl Serves. 


By Joun CaNnNELL CaINn. 


In a recent paper (Trans., 1908, 93, 681) was described the 
isolation of two solid modifications of p-nitrosoacetanilide, namely, 
the green, unimolecular and the white, bimolecular forms. As 
this seemed to be the first case of its kind, it appeared to be of 
interest to prepare other similar nitrosoacetylamino-compounds 
with the object of ascertaining if another pair of isomerides could 
be obtained. Accordingly, corresponding nitroso-compounds 
derived from toluene and chlorobenzene have been prepared, and, 
in addition, the analogous derivatives of diphenyl and _ ditolyl. 
In no case, however, has the existence of more than one form 
of nitroso-compound been observed, and hence the former instance 
must still be regarded as unique. 

All the nitroso-compounds described in this paper were prepared 
by oxidising the corresponding amino-compounds with Caro’s acid 
by the method already described in detail (loc. cit.), and they all 
give the usual reactions of the nitroso-group. 

For the preparation of the diphenyl and ditolyl derivatives, the 
corresponding amino-compounds are very conveniently obtained 
by acetylating benzidine or tolidine in aqueous-alcoholic solution 
with acetic anhydride. The monoacetyl derivative of tolidine has 
not previously been described, whilst monoacetylbenzidine has 
only been isolated in very small amount in the preparation of 
the diacetyl derivative. It would seem, therefore, that this 
method may be of some value for the preparation of monoacetyl 
derivatives of the diamines of the diphenyl series, 
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EXPERIMENTAL, 
2-Nitrosoaceto-p-toluidide, NO*-C,H,Me-NHAc. 


This was prepared from 4-acetylamino-o-toluidine (a solution of 
which was obtained by acetylating 2: 4-tolylenediamine), and 
separates from alcohol in pale yellowish-brown crystals, melting 
at 195° to a yellowish-brown liquid. It dissolves in glacial acetic 
acid, giving a pale yellow solution, and is insoluble in benzene or 
water : 

0091 gave 12°4 c.c. N, at 17°5° and 756 mm. N=16°01. 

C,H,yO,N, requires N=15°71 per cent. 

Some attempts were made to prepare a monoacetyl compound 
from 2: 5-tolylenediamine dihydrochloride. On boiling this sub- 
stance with acetic acid and one molecular proportion of sodium 
acetate, or on adding acetic anhydride to an aqueous solution of 
the salt mixed with the same proportion of sodium acetate, a 
deep purple solution was. obtained, from which a pure compound 
could not be isolated. On the other hand, acetylation of the free 
base in aqueous solution by means of acetic anhydride gives rise 
to the diacetyl compound, which is not hydrolysed by cold 
ammonia solution or by hot aqueous barium hydroxide. On boiling 
the aqueous solution with one molecular proportion of sodium 
hydroxide for several hours, hydrolysis indeed occurs, but 
apparently a mixture of the two possible monoacetyl compounds 
is formed. Further work in this direction was then abandoned, 
owing to the publication of patents in which both the desired 
compounds were described as having been obtained by a different 
method. 


6-Nitrosoaceto-m-toluidide, NO-C,H,;Me-NHAc. 


This was prepared from 5-acetylamino-o-toluidine (Fr. Pat. 
388454), and crystallises from alcohol in aggregates of green 
needles melting at 128—129°. It is sparingly soluble in ether, 
but readily so in glacial acetic acid: 

01325 gave 17°9 c.c. N, at 17° and 760 mm. N=15°98. 

C,H,O,N, requires N=15°71 per cent. 


5-Nitrosoaceto-o-toluidide, NO-C,H,;Me-NHAc. 


This was prepared from 6-acetylamino-m-toluidine (compare 
D.R.-P. 205037). It is sparingly ‘soluble in ether, and crystallises 
from alcohol in long, flattened, green needles melting at 135—136°: 

0'1326 gave 18°4 c.c. Ny at 21°5° and 750 mm. N=15'95. 

CyH,O.N, requires N=15°71 per cent. 
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2-Chloro-4-aminoacetanilide, NH,*Cg,H,Cl-NHAc. 


The starting point for the preparation of a chloronitroso. 
acetanilide was 2-chloro-4-nitroaniline, which was acetylated as 
described by Cohn (JM/itt. Technol. Gewerb-Mus. Wien., 1902, [ii], 
11, 205), and the acetyl derivative, on reduction with iron powder 
and a few drops of acetic acid, yielded 2-chloro-4-aminoacetanilide, 
which crystallises from water in pale yellow plates melting at 
132°: 

0°1660 gave 21°3 c.c. N, at 19° and 754 mm. N=14°95. 

C,H,ON,Cl requires N=15'18 per cent. 


2-Chloro-4-nitrosoacetanilide, NO-C,H,Cl-NHAc. 


On oxidising the base just described with Caro’s acid, this 
compound is formed. It is soluble in alcohol, and sparingly so in 
hot water, from which it separates on cooling in green needles 
melting at 112—113°: 


0°1205 gave 0°08532 AgCl. Cl=17°50. 
C,H,O,N,Cl requires Cl=17°86 per cent. 


3: 3/-Dichloro-4: 4!-diacetyldiaminoazobenzene, 
NHAc’C,H,Cl*N,°C,H,Cl-NHAc. 


In the above reaction was also formed a small quantity of this 
azo-compound, which is insoluble in alcohol and crystallises from 
glacial acetic acid in microscopic, pale yellow needles melting at 
280°: 

0°0434 gave 5°5 c.c. N, at 17° and 770 mm. N=15'18. 

C,¢H,,0,N,Cl, requires N=15°34 per cent. 


Preparation of Monoacetyl-benzidine and -tolidine. 


Of the common diamines of the diphenyl series, the only 
monoacetyl derivative which has hitherto been prepared is that 
of benzidine, but it was isolated only in very small amount as 4 
by-product in the preparation of the diacetyl derivative by heating 
benzidine with glacial acetic acid (Schmidt and Schultz, Ber., 
1879, 12, 489). A much more convenient method of obtaining this 
and the corresponding derivatives of other diamines is to carry out 
the acetylation by means of acetic anhydride in aqueous-alcoholic 
solution. In this way, a large proportion of the base is converted 
into the monoacetyl derivative, the proportion of monoacetyl to 
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diacetyl compound being roughly, in the case of benzidine, 100: 53, 
and in the case of tolidine, 100: 35.* 

Monoacetylb enzidine.—Benzidine (9°2 grams) is dissolved in hot 
dilute alcohol, the solution cooled, and acetic anhydride (5°2 grams) 
added. The solution is neutralised with ammonia, filtered hot 
(the residue is diacetylbenzidine), and water added until a turbidity 
is produced, when, on cooling, monoacetylbenzidine crystallises 
out. 

Monoacetyltolidine, NHAc*C,H,Me’C,H,;Me*NH,,H,O.—For the 
preparation of this compound an equivalent amount of tolidine is 
treated as just described. 

Monoacetyltolidine crystallises from water in white, shining 
plates, which contain one molecule of water of crystallisation and 
melt at 103°: 

0°1491 gave 13°1c.c. N, at 20°5° and 760 mm. N=10°27. 

C,,H,s0N,,H,O requires N=10°28 per cent. 

This substance is rather remarkable in that the acetyl group is 
very readily eliminated ; even when recrystallised from water, some 
tolidine is formed, and the elements of acetic acid are expelled at 
100°: 

02578 lost 0°0538. Loss=20°86. 

C,,H,sON,,H,O requires C,H,O,=22°05 per cent. 

That the substance was not merely tolidine acetate was proved 
by dissolving it in hydrochloric acid, rendering the solution 
alkaline with sodium carbonate, and crystallising the precipitate 
from water, when the original compound was again obtained in 
white, shining plates melting at 103°. Its constitution is also 
confirmed by the preparation from it of the nitroso-compound 
described later. — 

4-Nitroso-4!-acetylaminodiphenyl, NO-C,;H,-C,;HyNHAc.—This 
compound, prepared from monoacetylbenzidine, crystallises from 
alcohol in yellowish-brown, feathery needles, which darken at 200° 
and are completely melted at 275°. Its solution in glacial acetic 
acid is yellow: 


01306 gave 12°8 c.c. N, at 22°5° and 761 mm. N=11°40. 
C,,H,,0,N, requires N=11°66 per cent. 

4-Nitroso-4!-acetylamino-3 : 3/-ditolyl, NO-C;H,Me:C,H,Me-NHAc. 
—This compound was prepared from monoacetyltolidine, and 
crystallises from alcohol in pale brown crusts melting at 154—155°. 
It is sparingly soluble in ether, but: readily so in glacial acetic 
acid; the solutions are pale yellow: 

* In the case of dianisidine, no diacetyl derivative is formed under the same 
conditions, 
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0°1192 gave 10°6 c.c. N, at 19° and 764 mm. N=10°50. 
C,¢H,gO.N2 requires N=10°44 per cent. 


My thanks are due to the Badische Anilin- und Soda-Fabrik 
for kindly sending me a specimen of 6-acetylamino-m-toluidine, 
to the Farbenfabriken vorm. F. Bayer & Co., for the 
5-acetylamino-o-toluidine, and to Messrs. L. Cassella & Co., for 
the 2-chloro-4-nitroaniline. 

I also take this opportunity of expressing my thanks to the 
Research Fund Committee of the Chemical Society for a grant 
which has, in part, defrayed the expenses of this investigation, 
and also to Sir William Ramsay, K.C.B., for permission to carry 
out the work at University College. 


UNIVERSITY COLLEGE, 
LONDON. 


LXXXIV.—The Relation between the Strength of Acids 


and Bases and the Quantitative Distribution of 


Affinity in the Molecule. 


By BernyarD FLirscHemm. 


““ NEGATIVE” radicles, that is, radicles which preferably dissociate as 
anions, generally raise the dissociation constant of an acid and reduce 
that of a base, whereas “ positive” radicles have the opposite effect. 
In a number of cases, however, the reverse has been observed. To 
explain these apparent exceptions, various authors have suggested 
hypotheses differing from compound to compound and inapplicable to 
other cases. 

A general theory cf these phenomena can, however, only be form- 
ulated if, besides the polar character of substituents hitherto alone 
taken into consideration, attention is also paid to the amount of 
affinity which the linking of a substituent requires. An attempt to 
formulate such a general theory is made in this paper, and it may be 
observed that the views put forward do not necessitate any special 
conception concerning the nature of chemical affinity beyond the 
negative one, that atoms are not linked together by the interposition 
of electrons. 

In order to make the subsequent deductions more intelligible, it 
may be well first to convey a clear idea of the factors which determine 
the strength of a chemical bond. Vorlinder (Annalen, 1902, 320, 
110) stated that “the radicles have a double nature, which, on the 
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one hand, corresponds to the positive and negative nature of the 
elements, and, on the other, to the saturated and unsaturated state.” 

The present author has shown (J. pr. Chem., 1905, [ii], 71, 500; 
1907, 76, 200 ; Ber., 1906, 39, 2016) that the strength of a chemical 
bond is a function of the disposable amounts of chemical force in the 
atoms which combine, and also of the polar nature of that force, and 
that the rate at which a bond is formed depends partly on both these 
factors. Later, Werner has adopted the same view regarding the 
affinity values of atomic linkings (Chem. News, 1907, 96, 1351). 
Recently (Annalen, 1908, 363, 21; Amer. Chem. J., 1909, 41, 
119), Michael has formulated a similar idea, and the resultant of the 
above two factors has been termed “chemical potential” by Michael 
and “affinergy ” by Hibbert (Proc., 1909, 25, 57). 

In addition, Werner (loc. cit.) has pointed out, as a deduction from 
the above views, that elements which take a middle position between 
metals and non-metals, such as carbon and hydrogen, when combining 
with other elements saturate amounts of aflinity practically inde- 
pendent of the polar nature of the latter elements ; that, on the other 
hand, the strength of linking between elements of electrochemically 
more decided character greatly depends on their polarity, only small 
amounts of affinity being saturated in the case of allied elements, and 
vice versa. 

Extending these views now a little further, it is clear that the most 
polar element is an electron ; between the electron and hydrogen there 
exists therefore the fundamental difference that the strength of the 
former’s bond with an atom mainly depends on the atom’s polarity, 
whilst this factor hardly affects the strength of the bond between 
hydrogen and another atom. 

The application of these fundamental conceptions to the subject of 
the present paper gives rise to the following deductions. 

1. Acids.—The constant of the equilibrium : 


R-CO-0OH — (R:CO-0....@)+(H...- @) 


(the dualistic theory of electricity is used for convenient graphical 
representation) depends, for the same solvent, on two factors, namely : 
() the dissociation constant is directly proportional to the force with 
which the negative electron adheres to the acidic radicle. This force 
wainly depends on the polar nature of the acidic radicle, which again 
is determined by the polar nature of the substituents; the more 
legative these are the greater that force becomes (polar factor). 

(5) The dissociation constant is inversely proportional to the force 
vith which hydrogen is linked to the acidic radicle. This chiefly 
depends on the amount of affinity which the atom to which hydrogen 
islinked can place at the latter’s disposal. This amount is variable 

3A 2 
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and depends on the force with which the substituents are linked to 
the molecule, and on their position (quantitative factor). 

Claus has shown (Ber., 1881, 14, 432) that the force with which 
two atoms are linked is not a constant, but that, depending on the 
nature of the other atoms in the molecule, it must be assumed to 
vary from compound to compound. Later, Werner pointed out 
(Vierteljahrschr. Ziiricher. Naturf. Gesellsch., 1891) that substitution in 
aliphatic acids takes place in the position a-, because the carbonyl. 
oxygen absorbs much of the carbonyl-carbon atom’s affinity, which 
therefore can but weakly bind the carbon atom, thus leaving free 
affinity in the latter, by which substituents are attracted. The 
present author has shown (J. pr. Chem., 1902, [ii], 66, 321; ibid, 
1905, 71, 497 ; 1907, 76, 165 and 185) that unsaturated atoms, when 
directly linked to the benzene nucleus, cause substitution in the ortho- 
and para-positions, since their unsaturated nature enables them to 
bind the benzenoid carbon atom more strongly than hydrogen would, 
whereby the affinity which that carbon atom can place at the disposal 
of the ortho- and para-carbon atoms is reduced in amount, thus 
increasing the free affinity of the latter atoms; this again causes 
substituting molecules to be attracted by them, with the result that 
ortho- and para-disubstituted compounds are formed. 

These views may be applied to the determination of the distribution 
of affinity in acids; if we have, for example, an unsaturated atom 
substituting hydrogen in the a-position, the carbon atom will be more 
strongly bound by it; this leads to a reduction of the force with 
which the a-atom binds the carbonyl-carbon atom, to a stronger 
linking between the latter and oxygen, and therefore to a weakening 
of the bond between oxygen and hydrogen. The following examples 
illustrate this case. 

Although aniline is a base, anilinoacetic acid (100 &=0-0038) is 
stronger than acetic acid (100 k=0-0018) (Ostwald, Zettsch. physikal. 
Chem., 1889, 3, 189). 

a-Anilinopropionic acid (100 k=0°0022) is stronger than propionic 
acid (100 £=0-0013); a-anilinoisobutyric acid (100 &4=0-0036) is 
stronger than isobutyric acid (100 £=0-0014). 

On the other hand, an unsaturated atom substituting hydrogen in 
the B-position must have exactly the opposite effect; it takes up 4 
greater amount of the affinity of the B-carbon than does hydrogen; 
the amount of affinity with which the B-carbon can bind the a-carbon 
is thereby lessened, the strength of the linking between the latter 
and the carbonyl-carbon is increased, that between the latter and 
oxygen diminished, and the bond between oxygen and hydrogen is 
strengthened. 

8-Anilinopropionic acid (100 k=0°0004) is weaker than propionic 
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acid (100 &=0°0013); B-anilinoisobutyric acid (100 4=0-0003) is 
weaker than isobutyric acid (100 & = 0:0014). 

Graphically, linkings strengthened by the substituent may be repre- 
sented by thick lines, and those which are weakened, by thin ones : 
(jH,NH—CH,—C<Q._ jy and 0H, NH—CH,—CH,—C<0_,, 

a-, B-, and yé-Unsaturated acids are weaker than fy-unsaturated 
acids, notwithstanding that in the aB-acid the negative double linking is 
nearest the carboxyl group, as is shown by the following figures (Fichter 
and Pfister, Annalen, 1904, 334, 203) : 

k. k. 
Valerie acid 000161 n-Hexoic acid ......... 0°00146 
aB-Pentenoic acid ... 0°00148 aB-Hexenoic acid ... 0°00189 
By-Pentenoic ,, ... 0°00335 By-Hexenoic ,,  ... 0°00264 


yd-Pentenoic ,, ... 0°00209 y5-Hexenoic ,, ... 0°00174 
de-Hexenoic ,,  ... 0°00191 


Here we have: 


R-CHiCH—0<?_, 


O 
O—H 


R-CH:CH—CH,—CH,—C<> yy. 


R-CH:CH—CH,—C< 


m-Chloro- and bromo-benzoic acids are stronger than the para- 
isomerides, notwithstanding that usually the influence of a para-sub- 
stituent is greater than that of a meta-. The explanation is again 
that the halogens, being unsaturated when univalent (which leads to 
their directing to the ortho- and para-positions), bind the benzene- 
carbon atom more strongly than hydrogen : 


and (l= Cyn 


In the meta-acid, therefore, the quantitative influence of chlorine 
supports its polar effect, whereas in the para-acid the quantitative 
and polar factors work in opposite directions. 

If the polar effect becomes less pronounced than is the case with the 
halogens, whilst the quantitative factor remains of the same order 
or even becomes stronger, it can be foreseen that cases must arise 
where the quantitative factor will mask the polar one, so that, for 
instance, a negative substituent may either raise or lower the constant, 
according to its quantitative effect, that is, according to its position. 
For this the groups ‘OH and -O-CO°CH, furnish examples : m-hydroxy- 
benzoic acid (100 &=0-0087) is stronger than benzoic acid (100 
k=0-0060), whereas p-hydroxybenzoic acid (100 &=0°00286) is 
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weaker ; in the same way, m-acetoxybenzoic acid (100 £=0-0099) 
and m-acetylaminobenzoic acid (100 k=0-:0085) are stronger than 
benzoic acid, whereas the para-isomerides are weaker (100 k=0-0049 
and 0:0052 respectively) (Ostwald, Joe. cit.). 

o- and p-Hydroxycinnamic acids (100 k=0:0021 for both) are 
weaker than cinnamic acid (100 = 0-0035), and op-dihydroxycinnamic 
acid (100 &=0-00188) is still weaker (Ostwald, oc. cit.). 

Graphically, the influence of the substituents on the strength of the 
various linkings can again be expressed thus : 


O 
O—H* 


me a 
d HO i 2 C< 


»—CH=CH=C<O_ ay. 


OH 


2. Bases.—(a) Quaternary Ammonium Hydroxides and Analogous 
Derivatives of Oxygen, Iodine, Sulphur, Tin, ete. 


These may be subdivided into three classes : 

(i) Those which undergo thermic dissociation (but no intramole- 
cular rearrangement) at a comparatively low temperature, and the 
central atom of which (nitrogen, etc.) therefore is linked to more 
atoms than it can retain in a stable condition. Ammonium, iodonium, 
sulphonium, phosphonium, arsonium, stilbonium, and _ selenonium 
hydroxides belong to this class. The central atom being oversaturated, 
it can but weakly retain the hydroxyl group, which accordingly easily 
undergoes electrolytic dissociation; thus tetramethylammonium 
hydroxide is a base comparable with the alkalis, because, for instance, 
its fluoride dissociates into methyl fluoride and trimethylamine at 180° 
in a vacuum. 

Even distinctly negative substitution does not affect the strength of 
these bases, as is proved by the case of diphenyliodonium hydroxide, 
triphenylalkylphosphonium hydroxide, naphthyltrimethylammonium 
hydroxide, and many others. 

(ii) Those which do not undergo thermic dissociation even at an 
elevated temperature, and the central atom of which can therefore firmly 
retain all the atoms to which it is linked, as, for example, the compounds 
OH-Hg-OEt and OH-SnEt,. The linking between hydroxy] and the 
central atom not being a weak one, electrolytic dissociation does not 
take place readily; these compounds are therefore weak bases (Bredig, 
Zeitsch. physikal, Chem., 1894, 13, 303). Trimethylplatinie hydroxide 
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(Pope and Peachey, Proc., 1907, 23, 86) also seems to belong to this 
class. 

(iii) Those which undergo intramolecular rearrangement. Di- 
azonium, oxonium, and azonium hydroxides belong to this class. From 
the investigations of Hantzsch (see below), Kehrmann (numerous 
publications), Decker (Annalen, 1909, 364, 6, etc.), and others, the 
conclusion may be drawn that in the equilibria 


R-N=N:OH — R:-N=N CNS 


Nou “O) + (OH... ©) 


(or in the corresponding, equally well applicable, formule of Cain) and 


in the middle phase, the undissociated quaternary hydroxide, has no 
more real existence than in the case of amines (see below), that is, 
that all these hydroxides, as well as those derived from the amine 
bases, are of alkaline strength. If they do not generally appear to be 
so, it is simply because intramolecular rearrangement and thermic 
dissociation respectively are shifting the electrolytic equilibrium 
toward the left. The view of Hantzsch, that benzenediazonium 
hydroxide is weaker than the alkalis, and that of Decker, that some 
quaternary oxonium salts are partly hydrolysed to oxonium hydroxide, 
are not in agreement with the views advanced here, and are not 
a necessary conclusion from observed facts. If even the salts of 
oxonium bases can to some extent undergo intramolecular rearrange- 
ment, it should be rather due to a direct rearrangement of the 
cation, through the action of the hydroxyl ions of water, and 
without intermediate formation of the hypothetical undissociated 
oxonium hydroxide. Acids, by reducing the concentration of hydr- 
oxyl ions, of course counteract this change : 


IXY 3s 8 
* Fi ih 
(iv) Those forming salts which suffer thermic dissociation in 


solution at the ordinary temperature. A number of these have been 
discovered by v. Halban (Ber., 1908, 41, 2417) and by Wedekind 
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(Ber., 1908, 41, 2659; 1909, 42, 303). This change is shown by 
some quaternary ammonium salts containing both the phenyl and 
benzyl groups attached to nitrogen. As it occurs readily in non- 
dissociating solvents, more slowly or not at all in dissociating 
solvents, it must be produced by the non-dissociated salt. This 
thermic dissociation does not differ in principle from that shown 
by all ammonium salts at a somewhat higher temperature. The ease 
with which it takes place is proportional to the negativity of the 
substituents, which lowers the polar affinity between nitrogen and 
halogen, but still more to the quantitative absorption of the nitrogen’s 
affinity by substituents, whereby its capacity of binding as many as 
five groups is lessened. The following constants for the rate of 
thermic dissociation in chloroform illustrate this : 

Benzylphenylmethylallylammonium bromide, at 35°: k=0-000674, 

Benzylphenyldiethylammonium bromide, at 35°: k=0°00204. 

In alcohol or water no change even at 45°. 

Phenylbenzylmethyl-[methylphenylaminoethy]]-ammonium bromide 
undergoes this change even in alcoholic solution at 18°; the rate 
in a mixture of chloroform and alcohol is considerably higher than 
that of the above compounds. Graphically, we have : 

C,H,-NBrPhEt, CH,.CH—CH—NBrMePh:C,H, 
(Middle rate. ) (Lower rate. ) 
PhMeN—NBrMePh-C,H,. 
(Higher rate. ) 

With allyl and bromine, therefore, the quantitative factor prevails 
over the polar one; with allyl and an electron (which is much more 
polar than halogen) the electropolar influence must be expected to 
prevail ; and actually allylamine (100 =5-7 x 10~) as ion undergoes 
thermic dissociation more readily than propylamine (100 k= 4°7 x 10-°), 

(b) Amines.—Hantzsch has shown, partly in conjunction with 
Davidson and Engler (Ber., 1898, 31, 340, 1612 ; 1900, 33, 2147), 
that in the equilibrium 


R:NH,+H,0 = R-NH,-OH = (R-NH,. .. (®)+0H’ 


the middle phase has no real existence. 
The equilibrium can therefore be written : 


R-NH,+(H... G)) =— (@-NH,.... ()) 
and it is shifted the more towards the left, that is, in the direction of 
hydrolysis, (i) the more negative the substituents are, since they 
proportionally lower the polar affinity between nitrogen and the 
positive electron; thus the nitroanilines and halogen-substituted 


anilines are all weaker than aniline. 
(ii) the more the nitrogen’s affinity is absorbed by substituents 
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since its capacity of additionally binding a hydrogen atom and an 
electron is correspondingly lowered. 

Thus hydrazine is a weaker monoacidic base than ammonia (Bredig, 
loc, cit.), since the tervalent nitrogen of each amino-group partly 
neutralises the residual affinity of the other: (NH,—NH,... (+))- 

o-Phenylenediamine is a weaker monoacidic base than aniline ;- 


(c) Alkalis—Where a hydroxide does not undergo thermic dissocia- 
tion and the hydroxyl group is therefore stably bound, a base can only 
be strong if this weakening factor is counteracted by a very pro- 
nounced positive polarity of the central atom, whereby the latter’s 
polar affinity for the positive electron is increased. This explains 
why both thermally non-dissociating hydroxides of strongly positive 
metals (alkalis, etc.), and also thermally dissociating hydroxides of 
non-positive radicles (diphenyliodonium, diazonium, etc.), are strong 
bases, whereas thermally non-dissociating hydroxides of only 
moderately positive radicles (zinc, cadmium, trialkylstannic, etc.) 
are not. 


3. The Influence of Steric Hindrance on the Strength of Acids and 
Bases, 


Besides the two factors mentioned above, a third one must in many 
cases be taken into consideration, namely, steric hindrance. In the 
reversible reactions : 

R-CO-OH = (R°C0-0...©) + (H... ©) 

and (R-NH,.. -G)) —R:'NH, + (H... G)) 

steric hindrance must affect less the velocity from left to right 
than from right to left; for, apart from the electrons, the reaction 
from left to right is unimolecular, that from right to left bimolecular. 
In consequence, the equilibrium in both cases is, through steric 
hindrance, shifted towards the right, that is, the dissociation constant 
rises in the case of an acid and falls in that of an amine. This 
actually happens quite invariably. 

Since, however, no substituent can exercise a steric influence without 
likewise making itself felt in a polar and quantitative way, it may be 
preferable to consider the steric effect in conjunction with the other 
two factors. 

4. Combination o7 all Three Factors. 


A number of compounds has been cited in which no appreciable 
part falls to steric hindrance. These were meta- and para-substituted 
acids and certain unsaturated aliphatic acids. The quantitative and 
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polar influence are, however, always simultaneously present, since al] 
substituting atoms possess a different degree of saturation and q 
different state of electropolarity. It has been shown that these two 
factors may support or counteract each other, and that it is possible to 
foresee at a glance which of these two alternatives will take place, 
If the former, then the change in the dissociation constant will be 
found to lie in the direction assigned to it by the electropolar nature 
of the substituent, but to be more marked than this alone would 
lead one to expect (compare fy-unsaturated acids); if the latter, 
it can be foreseen that marked unsaturation of the substituent must 
prevail over weak electropolarity, and vice versa (compare p-hydroxy- 
benzoic acid, which is weaker than benzoic acid, and p-chlorobenzoic 
acid, which is stronger, etc., pp. 721, 722). The question as to which 
substituting atom is more and which less unsaturated is not subject 
to an arbitrary reply, but can be exactly ascertained from the relative 
directing power of the respective substituents when simultaneously 
present in the benzene nucleus ; the substituent which prevails over 
the other possesses the greater amount of free affinity in the atom 
linked to the nucleus (compare previous papers, Joc. cit.). As to the 
relative electropolarity of substituents, it may be fairly accurately 
determined by eliminating the quantitative factor in this way : in the 
meta- and para-isomerides of a substituted acid, for which steric 
hindrance hardly counts, the quantitative factor has opposite signs (com- 
pare pp. 721,722). By adding the respective constants, it is therefore 
practically eliminated. The sums thus obtained represent the relative 
polarity of the substituents and may be applied to the analysis of 
ortho-substituted compounds, aliphatic and others. The following 
purely electropolar values have been calculated in this way, taking 
Kmeta + para , 
2kpenzoic acid ‘ 
-NO, = 6:2 ; -Cl=2 ; -O-CO-CH, = 1'2 ; -NH-CO-CH, = 1°15; —CH,= 
0°85 ; for -OH = 1 and -NH, = 0°25, a small upward correction must be 
made, because the slight predominance of the quantitative influence in 
the para-position over that in the meta- (Joc. cit.) makes itself most 
felt with theee two most strongly linked groups. 

The relative quantitative sequence can already be given as a first 
approximation ; the definite sequence will only be available when 
experiments on the relative directing power in the benzene nucleus, 
which are in progress, will be completed : 

‘NH,, -NH(Alk), -NH(Ar), -N(Alk),, ‘OH, -O(Alk), *CH:CH, 
‘NHAc, Cl, Br, I, Alk, ‘OAc, H, *CH:0, -C(Alk):0, -C(OH)-0, 
*C:N, -NO,, *SO,H.* 

* It may be mentioned that the fact that ‘"NH*COR is linked much less strongly 

to the nucleus than *NH,, and O°CO*CH; less than OH, is explained by the hypo 


hydrogen (2 x & for benzoic acid) as a unit: kpotar = 
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These considerations now make it possible to consider the effect 
of steric hindrance in detail. The relative sequence of steric effects is 
approximately known from the rate of acid esterification (compare 
Werner’s Manual of Stereochemistry and numerous publications by 
Sudborough and others) : 


‘I>-Br, -C,H,>°Cl, -O, -N, -C(-CH,, °C in carbonyl) >°H ; 
ortho>B>a; and y, 3, m, p, side-chain in ortho =almost 0 ; 


effect of second group in ortho, B, a> effect of first group. 

The following typical cases (partly taken from the tables of Lundén, 
Afinitatsmessungen, Stuttgart, 1908) have been selected to show how 
an analysis of the magnitude of the three factors and their combination 
permits one to foresee the direction in which the affinity constant must 
be affected, even when all three factors are united in a substituent. 
The approximate effect on the constant is represented by +++ +, 
+++, ++, +, and ----, —--—-, -—-, —, according to its 
magnitude and direction, p standing for sito, q for quantitative, and 
sfor steric. By multiplication of the three effects, the direction of 
the change and the order of its magnitude can almost invariably be 
foreseen with an accuracy which, in the circumstances, must be con- 
sidered very satisfactory. By giving each + or — the value of, say, 
2, the total effect is obtained as the following example shows: 


4x6 
pt+ 3; q-j5; s+ ++; total 5 =12. 


In the tables, total effects from 1 to 5 have been represented by + 
and — ; from 5 to 25 by + + and — — ; and over 25 by + + + and 

0 expresses a very small or no effect, ? cases where the total 
foreseen effect equals 1, and where therefore the substituent should 
only exert a very small influence either way. 

In estimating the quantitative factor, it must also be remembered 
that its influence decreases with the number of intervening atoms 
(loc. cit.), and that an equilibrium being established (loc. cit.), the 
strength of linkings is more affected by an unsaturated atom in the 
para- and ortho-positions than in the B-position of an aliphatic chain. 
Similarly, methyl-carbon acts as an unsaturated atom only when 
attached to an unsaturated atom (/oc. cit.). In naphthalene the 
a-carbon is more unsaturated than the B- or a phenyl-carbon atom 
(loc. cit. For the formulation adopted for the primary and secondary 
nitro-groups, compare J. pr. Chem., 1902, [ii], 66, 16 and 321). 

It will be noticed that among more than 100 compounds discussed 
in the tables and in the text, there is only one which shows a slight 


thesis of Briihl (Ber., 1907, 40, 896) and of Miss Smedley (Trans., 1909, 95, 235) 
of a neutralisation of residual affinity between N and O, and O and O. 
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change in the wrong direction. This is B-naphthylacetylaminoacetic 
acid, which should be rather stronger than phenylacetylaminoacetic 
acid, but is slightly weaker. Since the constant of the latter acid, 
however, is too high when compared with all similar compounds, it js 
intended to determine it anew. Of all the constants of bases and 
monocarboxylic acids not mentioned in this paper, only the following 
—so far mainly estimated by a colorimetric method—were found to 
disagree: m-chloro- and m-bromo-aniline, p-chloro- and _ p-bromo. 
aniline, and p-aminophenol. These also will be measured by Farmer 
and Warth’s method, and likewise triphenylacetic acid, which, although 
no constant is yet known, is described, without sufficient reason, as 
a very weak acid, whereas it should be very much stronger than 
acetic acid, It will then be further shown how the present theory is 
capable of throwing some additional light on other problems, such as 
the constitution and reaction of some triphenylcarbinol- and dibenzyl- 
idene-acetone derivatives, the configuration of isomeric ethylenic acids, 
the seeming discrepancy between the influence of alkyl substitution 
on the constants of malonic acid on the one hand and succinic acid 
on the other hand, etc. Lastly, it will be shown how, by a graphic 
method, the effects produced by the successive introduction of the same 
atom or group into acetic acid or ammonia can be even more 
accurately represented than by the simpler, but less elastic, method 
adopted in the table. 

The experimental part of the present paper contains a crucial test 
in support of this theory. If merely considered from the electropolar 
point of view, the introduction of the basic phenylmethylamine group 
into the molecule of m-nitroaniline in the ortho-position with respect 
to the amino-group would result in an increase of the constant. By 
this theory, however, the result would be : 


p++3¢--38--——; result —-. 


The observed result was a decrease of the constant & from 4x 107" 
to 5x 10718 at 25° 


EXPERIMENTAL. 


The preparation and properties of 4-nitro-2-amino-diphenyl- 
methylamine, C,H,-NMe-C,H,(NO,)*NH,, will be described in a 
paper on “the mechanism of the reduction of nitroanilines and nitro- 
phenols.” 

The following measurements and calculations were carried oul 
strictly according to Farmer and Warth’s method (loc. cit.). q (see 
below) was, however, taken at 0°058, instead of 0°059, this value 
being determined by a special experiment. 
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First, the determination of the constant for m-nitroaniline was 
repeated, but at 17° instead of 25°. The letters signifying 


c, = original concentration of the acid 

c, = original concentration of base 

c=concentration of base in aqueous layer 
F=distribution-coefficient of base between benzene and water 
qg=volume of benzene for 1 litre of water 

v= dilution in litres per gram-equivalent 

a= degree of hydrolysis 

k=dissociation constant 

C, =concentration of hydrogen ions of water ; 


the following were the results : 
Used: substance =1°2473 grams ; benzene= 90 c.c. ; water = 1500 
C6, 3 = 17°, 
Found : residue from 75 c.c. benzene = 0°6473 gram ; / = 26:1. 
Used : substance = 2°2293 grams ; benzene = 90 c.c. ; water (including 
acid) = 1500 c.c. ; ¢=17°. ° 
N-HCl= 16°15 ¢.c.=1 equivalent, calculated on base. 
Cuan) = 0°77 x 107-7; ¢, = 0°01077 ; c,=0°01077 ; v= 92°9 ; g= 0-058. 
Found: residue from 75 c.c. benzene=0°5569 gram ; c= 0°00206 ; 
#2 =0°339 ; ki) = 3°17 x 10732, 
This is a good agreement with Farmer and Warth, who found 
Kos = 4 x 10722, 
Nitroaminodiphenylmethylamine being practically insoluble in 
water, both the distribution-coefficient and the hydrolysis were not 
ietermined by evaporating the benzene layer, but by exhaustive 
extraction of the aqueous layer. 
Used: substance=0°8050 gram; benzene=60 c.c.; water = 1000 
c.c, ; ¢ == 25°, 
Found : in aqueous layer =0°0020 gram ; F'= 6920. 
Used: substance =0°6776 gram; benzene=35 c.c.; water =1200 
C.c, ; ¢= 25°, 
Found : in aqueous layer = 0°0034 gram ; F= 6997. 
Used: substance = 0°6935 gram ; benzene = 60 c.c. ; water (including 
acid) = 1000 c.c. ; t= 25° ; 
N-HCl=114 e.c.=40 equivalents,calculated on base. 
Cues) = 1°09 x 10-7 ; ¢, =0°114 ; c,= 000285 ; v=351 ; ¢=0°058. 
Found ; in aqueous layer =0-0045 gram ; c=0°000007 ; =0°902; 
hy = 5°0 x 107 38, 


{was thus determined: the above 0°8050 gram, which gave 0°0020 
gram in the aqueous layer, also gave 0°6935 gram in 50 of the 60 e.c. 
VOL. XCV. 3B 
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of benzene that had been used. From this, the total benzene layer is 
calculated at 58 c.c., or g=0°058. 


In conclusion, the author wishes to thank Dr. Senter for his kind 
help in connexion with this paper. 


FLEET, 
HANTS. 


LXXXV.—The Constituents of the Rhizome of 


Apocynum androsaenifolium. 


By Cartes Watson Moore. 


Unper the title of ‘‘Apocynum,” the Pharmacopeeia of the United 
States recognises “ the dried rhizome of Apocynum cannabinum, Linné, 
or of closely allied species of Apocynum.” In “Gray’s New Manual 
of Botany,” 1908, 7th ed., p. 662, only three species of Apocynum are 
described, namely, A. androsaemifolium, Linné, A. médium, Greene, 
which is similar in its characters to the preceding, and A, cannabinum, 
Linné. The last-mentioned species, however, is stated to vary greatly, 
and several varieties of the plant are regarded by some botanists as 
definite species, to which distinctive names have been assigned. 

An investigation of material, described as the root of Apocynum 
cannabinum, L., was conducted some years ago by Schmiedeberg 
(Arch. exp. Path. Pharm., 1883, 16, 161), who obtained two products, 
designated as apocynin and apocynein, the latter having been regarded 
as a glucoside similar in character to saponin. Both these products 
were, however, only obtained in an amorphous state, and evidently 
consisted of mixtures. 

Wood (J. Amer. Med. Assoc., 1904, 43, 1953) obtained from a fluid 
extract of Apocynum cannabinum a crystalline substance, m. p. 112, 
which he believed to be identical with the so-called ‘ crystalline 
apocynin” of commerce, but found the latter to be, physiologically, 
almost inert. The same investigator was “inclined to believe that 
the active principle is in the nature of a glucoside,” but this opinion 
was based only on the observation that a solution which had beet 
heated with an acid had thereby become deprived of its physiological 
activity. [he present investigation has shown that the above view is 
incorrect, but that the active principle, which has now been obtained 
in a pure state, is decomposed on heating with acids, although it is 
not a glucoside. 

Finnemore (Trans., 1908, 93, 1513), in a publication entitled “ The 
Constituents of Canadian Hemp, Part I,” has recorded the isolation 
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of a crystalline substance from the root (rhizome) of Apocynum 
cannabinum. This substance, which was described under the name 
of “apocynin ’—having been found to correspond to the crystalline 
apocynin of commerce—he has shown to be identical with aceto- 
vanillone. 

The present investigation of the rhizome of Apocynum androsaemi- 
folium, Linné, commonly known as “Spreading Dogbane,” has resulted 
in the isolation of its chief active constituent, which is designated apo- 
cynamarin, C,,H,,0,,H,O, m. p. 170—175°. This substance has an 
intensely bitter taste, and is highly toxic. The rhizome has, further- 
more, been shown to contain a considerable proportion of aceto- 
vanillone, the glucoside of which, CH,*CO-°C,H,(O-CH,):O°C,H,,0,, 
m, p. 218—220°, has also been isolated, and designated androsin. A 
summary of the results of the complete investigation of the rhizome, 
in the course of which a number of other substances have been 
isolated, is given in a summary at the end of this paper. 


EXPERIMENTAL, 


The material employed in this investigation was obtained from the 
United States, and was supplied as representing the “‘ Apocynum” of 
the U.S. Pharmacopeia. It conformed in its anatomical characters to 
the description given of the rhizome of Apocynwm androsaemifolium, 
Linné. 

A portion of the material (25 grams) was tested for the presence of 
an alkaloid, but the reactions were so slight as to indicate that it 
contained not more than traces of such a substance, 

Twenty grams of the ground material were successively extracted 
in a Soxhlet apparatus with various solvents, when the following 
amounts of extract, dried at 90—100°, were obtained ; 


95 per cent. 
95 
“4 


Petroleum (b, p. 35—50°) extracted 1°19 grams 
Ether #9 0°39 
Chloroform 0°09 
Ethyl acetate 0°24 
Alcohol 2°74 


9? 


nue uu 


Total 4°65 grams 


23°25 per cent. 


For the purpose of a complete examination, a quantity (39-92 kilo- 
grams) of the ground material was extracted by continuous percolation 
with hot alcohol. After the removal of the greater portion of the 
ileohol, a viscid, dark-coloured extract was obtained, amounting to 
1048 kilograms. 
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Distillation of the Extract with Steam. Separation of an Essential Oil, 


A quantity (5 kilograms) of the above-mentioned extract, represent- 
ing about 19 kilograms of the rhizome, was mixed with water, and 
steam passed through the mixture for several hours. The distillate, 
which amounted to about 10 litres, contained some drops of oil 
floating on the surface. It was thoroughly extracted with ether, 
and the ethereal liquid shaken with a dilute solution of ammonium 
carbonate. On acidifying this alkaline liquid, a small quantity of am 
oily acid separated, which was removed by ether and distilled under 
the ordinary pressure, when it passed over between 210° and 215° as 
an almost colourless, viscid liquid, and amounted to about 2:0 grams. 
It was converted into the ammonium salt, from which five fractions of 
silver salt were precipitated. The analysis of these salts showed that 
the acid consisted chiefly of an octoic acid. The ethereal liquid which 
had been extracted with ammonium carbonate, as above described, 
was shaken with successive portions of a dilute solution of potassium 
hydroxide. The alkaline liquids thus obtained were united, acidified, 
and extracted with ether, when a small amount (1‘2 grams) of a 
crystalline substance, melting at 112—114°, was obtained. This 
proved to be identical with a substance which was afterwards obtained 
in larger quantity, and was shown to be acetovanillone. 

The ethereal liquid which had been extracted with potassium 
hydroxide, as above deseribed, yielded, after removing the solvent, a 
small quantity of an essential oil, which distilled between 130° and 
250°. It was a pale yellow liquid, possessing a strong persistent 
odour and the following constants ; d 12°/12°=0°948 ; ap +0°50' ina 
1-dem. tube. The amount of this essential oil was 3°0 grams. It gave 
a strong furfuraldehyde reaction. 


Non-volatile Constituents of the Extract. 


After the distillation of the extract with steam, as above described, 
there remained a quantity of a brown resin (A) and a dark-coloured 
aqueous liquid. The latter was separated by filtration while still hot, 
and the brown resin repeatedly treated with boiling water until 
nothing further was removed. The aqueous liquid and washings from 
the brown resin were united and kept for several days, when a quantity 
of a brown resin (2) slowly separated, This was removed from the 
liquid and thoroughly washed with cold water, the washings being 
added to the aqueous liquid, which may be designated as (C). 
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Examination of the Resin (A). 


This resin, at the ordinary temperature, was a dark brown, sticky 
solid, and amounted to 1010 grams. It was first treated with a large 
volume of cold light petroleum (b. p. 35—50°), the undissolved material 
being allowed to deposit, and the clear liquid decanted, after which the 
same operation was repeated. The brown, undissolved residue was then 
further extracted in a Soxhlet apparatus with light petroleum, and the 
combined petroleum extracts concentrated as far as possible on the 
water-bath. 

The portion of the resin (A) which was insoluble in light petroleum 
amounted to 368 grams, and formed a dark brown, amorphous powder. 
This was thoroughly extracted with alcohol in a Soxhlet apparatus, 
when 140 grams of it were dissolved. The remaining 228 grams 
consisted of a dark brown powder, which, although originally extracted 
from the rhizome by alcohol, had evidently suffered some change, and 
was now insoluble in al] the usual solvents. ‘The portion soluble in 
alcohol was mixed with purified sawdust, the thoroughly-dried mixture 
being then successively extracted in a Soxhlet apparatus with ether, 
chloroform, ethyl acetate, and alcohol. 


Petroleum Extract of the Resin (A). 
Isolation of Ipuranol, C,,H,.0,(OH),. 


This extract was a dark-coloured, sticky solid, and amounted to 642 
grams. It was dissolved in 4 litres of ether, and the solution allowed 
to stand for about ten days, when a grey, sparingly soluble substance 
separated. This was collected, washed with a little ether, and crystal- 
lised several times from dilute pyridine, when it formed tufts of 
colourless, microscopic needles melting at 285—290°: 

0'1365 gave 0°3625 CO, and 0:1290 H,O. C=72'4; H=10°5. 

C.,H 490, requires C=72°6 ; H=10°5 per cent. 

The substance was thus shown to be identical with ipuranol, a dihydric 
alcohol which has recently been obtained in these laboratories from 
several plants. The amount of ipuranol obtained in the present 
instance was 15 grams. On boiling the substance with acetic 
anhydride, it yielded diacetylipuranol, which separated in colourless 
leaflets melting at 162°. 


The ethereal solution, after the removal of the ipuranol as above 
described, was diluted with ether to about 8 litres, then shaken with 
successive portions of an aqueous solution of sodium carbonate, and 
finally washed with water. The alkaline liquids and washings were 
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united and acidified, when a quantity of solid separated. On attempting 
to remove this by shaking with ether, an inseparable emulsion was 
formed. The acid liquid was therefore heated to boiling and cooled, 
after which the precipitated solid could easily be removed by filtration, 
The solid material so obtained was distilled under diminished pressure, 
when most of it passed over between 240° and 260°/25 mm. as a viscid, 
oily liquid which solidified on cooling. It amounted to 20 grams and 
consisted of a mixture of fatty acids, which were examined in connexion 
with a similar product obtained from the neutral portion of the 
petroleum extract after hydrolysis. 

The aqueous liquid from which the above-described fatty acids had 
been separated yielded, on extraction with ether, about 1 gram of 
acetovanillone, melting at 112—114°. 


Unsaponifiable Constituents of the Petroleum Extract. 


The ethereal liquid which had been extracted with sodium carbonate, 
as above described, was subsequently shaken with a solution of sodium 
hydroxide, which, however, removed nothing. The ether was then 
evaporated, when a quantity of a sticky solid was obtained. This was 
boiled for five hours with an alcoholic solution of potassium hydroxide, 
the alcohol removed, and water added, when a quantity of amorphous, 
grey material was precipitated. This was separated by filtration, and 
well washed with boiling water, after which it was treated with ether, 
when nearly all of it dissolved. The ethereal solution was concentrated 
to 1500 c.c., when, after some time, small, colourless needles separated. 
These, when dry, weighed 200 grams. The material contained in the 
mother liquor yielded, after solution in dilute alcohol, a further 35 
grams of this crystalline material. The final mother liquor contained 
215-grams of uncrystallisable products, which will be referred to later. 

The entire amount (235 grams) of the above-mentioned crystalline 
product was recrystallised from dilute alcohol, when nearly 200 grams 
of the material was obtained in small, colourless needles melting at 
153—155°. One hundred grams of this crystallised ‘product were 
subjected to a prolonged process of fractional crysstallisation from 
ethyl acetate. A large number of fractions was thyis obtained, which 
showed indefinite melting points, ranging from 151-—155° to 180—.185". 
The specific rotatory power of these fractions ajlso varied ; thus the 
fraction melting at 180—185° had [a], + 31°6°, w,hilst the more soluble 
fraction, melting at 151—155°, had [a],+54%°6°. The percentage 
composition of the various fractions was uniforrm within the limits of 
experimental error ; the mean of six analyses be.ing C = 83°9, H=117 
per cent. From the results it was evident that the above-described 
erystalline product consisted of a mixture of substa nces of very similar 
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composition, but all attempts to separate them by fractional crystal- 
lisation were unsuccessful. The entire mixture was therefore heated 
with acetic anhydride, after which the acetylated product was sub- 
mitted to fractional crystallisation from ethyl acetate. Although by 
this means the separation was far from complete, the isolation of two 
pure substances was effected. 


Iwlation of a New Monohydric Alcohol, Androsterol, C,)H,.°OH. 


One hundred grams of the above-mentioned acetylated product were 
repeatedly crystallised from ethyl acetate, when a small fraction 
(5 grams) was eventually obtained, which melted constantly at 
212—214°, and appeared to be a pure substance. This substance 
was hydrolysed by boiling with an excess of a 10 per cent. alcoholic 
solution of potassium hydroxide for four hours. The solvent was 
then removed, water added, and the resulting solid crystallised from 
a mixture of ethyl acetate and alcohol, from which it separated in 
small, colourless needles melting at 208—210° : 

0:3350, dried at 115°, lost 0°0130 H,O. H,O=3°9. 

01452 of anhydrous substance gave 0°4488 CO, and 0°1538 H,0O. 

C=84'3; H=11°7. 
C,,H,,0,H,O requires H,O = 4:0 per cent. 
C,)H;,0 requires C=84°5 ; H=11°7 per cent. 

This compound is evidently a monohydric alcohol of the formula 
C,H,"OH. As it does not agree in its properties with any substance 
of this formula which has hitherto been described, it is proposed 
to designate it androsterol, with reference to the specific name of the 
plant from which it has been obtained. 

A determination of its specific rotatory power gave the following 
result : 

02060, in 20 cc. of chloroform, gave ay+0°37' in a 2-dem, tube, 
whence [a], + 29°9°. 

If to a solution of androsterol in acetic anhydride a few drops 
of concentrated sulphuric acid are added, a fine magenta-red colour 
slowly develops, which is permanent for several hours. 

Monoacetylandrosterol, C,,H,,0*;CO*CH,.—On heating androsterol 
with acetic anhydride, the pure acetyl derivative, melting at 
212—214°, was regenerated. When crystallised from ethyl acetate, 
it separates in long, fine needles : 

0'1252 gave 0°3760 CO, and 071250 H,O. C=81:9; H=11'l. 

C,,H,,0, requires C=82:0; H=11°l per cent. 

A determination of its specific rotatory power gave the following 

result : 


t 
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0°3025, in 20 c.c. of chloroform, gave a) +1°15’ in a 2-dem. tube, 
whence [a], + 41°3°. 

Monobromoacetylandrosterol, C,,H,,BrO°-CO-CH,.—One gram of 
acetylandrosterol was dissolved in 50 c.c. of chloroform, and to the 
cold solution a 5 per cent. solution of bromine in the same solvent 
was added, drop by drop, until a slight excess of bromine was present. 
The liquid, which evolved hydrogen bromide, was then at once shaken 
witb a solution of sodium hydrogen sulphite, washed with water, 
dried, and the solvent removed. A syrup was thus obtained which, 
after treatment with ethyl acetate, yielded a crystalline product. 
The latter, after repeatedly crystallising from the same solvent, 
separated in colourless prisms, melting at 228—230°, and amounted 
to 0°6 gram: 

0°1494 gave 0°3850 CO, and 0:1270 H,O. C=70'3; H=94. 

0°1570 ,, 0°4026CO, ,, 01325 H,O. C=69:9; H=9°'3. 

0:2614 ,, 0:0906 AgBr. Br=14°7. 

C,,H,,0,Br requires C=70'2; H=9°3; Br=14°6 per cent. 

This substance is evidently a monobromo-derivative of acetyl 
androsterol. 


Isolation of a New Monohydrie Alcohol, Homoandrosterol, C,,H,,°OH. 


Some of the numerous mother liquors obtained during the separa- 
tion of the above-described acetyl derivative of androsterol (m. p. 
212—214°) deposited on standing small amounts of sparingly 
soluble, prismatic needles, which, after recrystallisation from ethyl 
acetate, melted constantly at 234—236°. The amount of this 
substance was 2 grams, aud its properties indicated that it was 
a pure compound. It was hydrolysed by boiling for four hours with 
an excess of a 10 per cent. alcoholic solution of potassium hydroxide, 
the solvent removed, water added, and the resulting solid recrystal- 
lised from dilute alcohol, from which it separated in small, colourless 
needles melting at 192°: 

0°1201 gave 0°3702 CO, and 0:1270 H,O. C=840; H=117. 

C,,H,,0 requires C = 84:4; H=11°4 per cent. 

This compound is evidently a monohydric alcohol of the formula 
C,,H,,,OH. As it does not agree in its properties with any substance . 
of this formula which has hitherto been described, and differs from 
androsterol by the elements C,H,, it is proposed to designate it 
homoandrosterol. 

If to its solution in acetic anhydride a drop of concentrated sulphuric 
acid is added, a magenta-red colour is at once produced, which is 
permanent for several hours. 

Monoacetylhomoandrosterol, C.,H,,0*CO*-CH,.—On heating homo- 
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androsterol with acetic anhydride, the pure acety/ derivative, melting 
at 234—-236°, was regenerated. It crystallises from ethyl acetate in. 
glistening, prismatic needles : 
0:1292 gave 0°3852 CO, and 071256 H,O. C=816; H=10°8. 
C,,H,,0, requires C= 81-7 ; H=10°8 per cent. 


A determination of its specific rotatory power gave the following 


result : 

03000, in 20 c.c. of chloroform, gave ap + 2°29’ in a 2-dem. tube, 
whence [a]p + 82°8°. 

If to a chloroform solution of acetylhomoandrosterol bromine is 
added, the halogen is very slowly absorbed and hydrogen bromide is 
evolved. The reaction is accelerated by the addition of a little iodine. 
From the reaction mixture a small quantity of a bromine derivative 
was obtained, which crystallised in needles melting and decomposing 
at 212—-214°. Owing to the limited amount of material at disposal, 
this derivative was not further investigated. 


After the separation of the two above-described compounds, a large 
amount of material remained in the mother liquors, from which 
nothing further could be obtained in a pure state by crystallisation. 
It has already beeu mentioned that while acetylandrosterol absorbs 
bromine very rapidly, acetylhomoandrosterol only does so very slowly. 
It was, therefore, thought possible that a similar behaviour might be 
shown by the constituents of this mixture of acetyl derivatives, and 
that by taking advantage of this property some separation might be 
effected. 

Ten grams of the mixture were therefore dissolved in 150 c.c. 
of chloroform, and a-dilute solution of bromine in the same solvent 
cautiously added. It was found that 1°7 grams of the halogen were 
rapidly absorbed, whereas the addition of 1 molecule of bromine would 
have required 3°6 grams, assuming the constituents of the mixture to 
have the composition C,,H,,0Ac. As soon as the rapid absorption of 
bromine had ceased, the excess of the halogen was removed and the 
solvent evaporated. A syrupy mass was thus obtained, which was 
dissolved in acetic acid, when, on standing, a small quantity (0:5 
gram) of monobromoacetylandrosterol separated. 

The material remaining in the acetic acid mother liquor was 
precipitated by water, and dissolved in chloroform. To this solution 
) grams of bromine were added and the mixture kept for twenty-four 
hours, when copious fumes of hydrogen bromide were evolved. At 
the end of this time the excess of bromine was removed and the 
solvent evaporated. A syrupy mass was thus obtained, which was 
dissolved in a small quantity of hot ethyl acetate, and allowed to stand 
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for some time, when a substance separated in glistening plates, This 
was purified by recrystallisation from a mixture of chloroform and 
ether, when it formed handsome plates, melting at 266—268°, ang 
amounted to 2 grams : 

0°1425 gave 0°3681 CO, and 01210 H,O. C=70°4; H=9-4, 

01382 ,, 00475 AgBr. Br=14°6. 

C,.H,,0,Br requires C=70°2 ; H=9°3; Br=14°6 per cent. 

This bromine derivative differs from both of the two monobromo. 
acetyl derivatives described above, and therefore must be derived 
from a substance other than androsterol or homoandrosterol. In the 
hope of obtaining the parent substance, attempts were made to replace 
the bromine by hydrogen, but these were unsuccessful. 

It has already been mentioned that from the unsaponifiable material 
obtained from the petroleum extract of the resin (A) only 235 grams 
of crystalline products could be obtained. The remaining material 
(215 grams) formed a light-coloured, resinous mass, from which nothing 
definite could be separated, either by solvents or by fractional dis- 
tillation under diminished pressure. A quantity (50 grams) of the 
material was acetylated, when it yielded 25 grams of a mixture 
of acetyl derivatives similar to that previously described. 


Identification of the Fatty Acids. 


The alkaline, aqueous solution of potassium salts from which the 
unsaponifiable material had been removed by filtration, as above 
described, was allowed to stand for some days, when a small quantity 
of a sparingly soluble potassium salt separated. This yielded an acid 
which melted at 72—74°, and appeared to consist chiefly of arachidic 
acid. The clear alkaline filtrate from which the sparingly soluble 
potassium salt had been removed yielded nothing on extraction with 
ether. It was therefore acidified and again extracted with ether, 
when a quantity (60 grams) of fatty acids was obtained. The latter, 
when distilled under diminished pressure, passed over between 240° 
and 260°/25 mm. as a viscid, oily liquid which solidified on cooling. 

As these acids distilled within the same range of temperature 
as those previously obtained, which existed in the rhizome in the free 
state, equal parts of each portion were mixed for their examination. 

A determination of the iodine value of this mixture gave the 
following result : 

0:4807 absorbed 0°3770 iodine. Iodine value= 78-4, 


Twenty grams of the mixed acids were converted into their lead 
salts, and the latter digested with ether, when a portion was dissolved. 
Both the soluble and insoluble portions were decomposed by hydro- 
chloric acid, and the regenerated fatty acids purified by distillation 
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under diminished pressure, The soluble portion of the lead salts 
yielded 11 grams of liquid acids, whilst the insoluble portion gave 
8 grams of solid acids. 

The Liquid Acids.—These acids, when distilled under diminished 
pressure, passed over between 215° and 225°/15 mm. 

A determination of the iodine value gave the following result : 

04250 absorbed 0-6162 iodine. Jodine value= 145. 

This indicated that the liquid acids consisted of a mixture of oleic 
acid and an acid of a higher degree of unsaturation. 

In order to obtain more definite information respecting the com- 
position of the above mixture, a quantity of it was oxidised with 
potassium permanganate according to the method described by 
Lewkowitsch (Chemical Technology and Analysis of Oils, Fats, and 
Waaes, 1904, Vol. I, 360). This resulted in the formation of approxi- 
mately equal quantities of dihydroxystearic acid (m. p. 125—127°) 
and tetrahydroxystearic acid (m. p. 157—160°), and, with considera- 
tion of the iodine value, it would thus appear that the liquid acids 
consisted of a mixture of oleic and linolic acids in about equal 
proportions. 

The Solid Acids.—These acids were fractionally crystallised from 
glacial acetic acid, but no separation was effected, since all the 
fractions melted at about 55—62°. The analysis of these acids and of 


their silver salts indicated that the mixture consisted principally of 
palmitic and stearic acids, together with a small amount of some acid 
of higher carbon content. 


Ether, Chloroform, Ethyl Acetate, and Alcohol Extracts of the Resin (A). 


These extracts amoanted to 40, 14, 11, and 30 grams respectively. 
The remainder of the original resin (45 grams) had undergone change 
and become insoluble. All the extracts were dark brown resins, and 
with the exception of a small quantity (7 grams) of acetovanillone and 
a trace of ipuranol, nothing definite could be isolated from them. The 
ethyl acetate extract appeared to contain some glucosidic material, as 
on acid hydrolysis it yielded a small quantity of sugar. 


Examination of the Resin (B). 


This was a dark brown powder and amounted to 110 grams. It was 
mixed with purified sawdust, and the mixture successively extracted 
in a Soxhlet apparatus with ether, chloroform, ethyl acetate, and 
alcohol. 

The ether and chloroform extracts together amounted to 7 grams, 
and consisted of almost pure acetovanillone. 
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The ethyl acetate and alcohol extracts amounted to 10 and 80 grams 
respectively, and consisted only of resinous material. 


Examination of the Aqueous Liquid (C). 
Isvlation of Acetovanillone. 


The aqueous liquid (C), which amounted to about 15 litres, was 
repeatedly extracted with ether, and the combined ethereal extracts, 
after drying over anhydrous sodium sulphate, evaporated on the water. 
bath to a small volume. On keeping, about 45 grams of a substance 
were deposited in fineprisms. This substance was collected on a filter, 
washed with a little ether, and recrystallised from ethyl acetate, 
when it separated in colourless prisms melting at 112—114°. 

The ethereal filtrate and washings were united, diluted with ether 
to about 300 c.c., and the solution shaken with successive portions of 
an aqueous solution of ammonium carbonate. The alkaline liquids 
thus obtained yielded, on acidifying, a viscid acid liquid, from which 
nothing definite could be isolated. 

The ethereal liquid was then shaken with successive portions of a 
solution of sodium carbonate. On acidifying the alkaline extracts thus 
obtained and extracting with ether, a further quantity (15 grams) of 
the above-described crystalline substance, melting at 112—114°, was 
obtained. This, together with the portion previously obtained, was 
recrystallised from ethyl acetate, when the melting point rose to 115° 
The yield of pure material was about 50 grams: 

01217 gave 02900 CO, and 0:0670 H,O. C=65:0; H=6:l. 

C,H,,0, requires C=65°1 ; H=6-0 per cent. 

A methoxyl determination by Perkin’s modification of JZeisel’s 
method gave the following result : 

0:1612 gave 0:2290 Agl. OMe=18°7. 

C,H,0,"OMe requires OMe = 18°6 per cent. 

This substance is thus seen to be acetovanillone (4-hydroxy-3- 
methoxyacetophenone), which was first obtained by Tiemann (Ber., 
1891, 24, 2855) from another source, and has quite recently been 
shown by Finnemore (Trans., 1908, 93, 1513) to be that constituent 
of Apocynum cannabinum, Linné, which had hitherto been known as 
“crystalline apocynin.” 

The identity of the above-described substance with acetovanillone 
was further confirmed by the preparation of its monoacetyl derivative 
(m. p. 57°), its methyl ether (m. p. 51°), and its phenylhydrazone 
(m. p. 126°) (Nietzel, Ber., 1891, 24, 2863). 

The material contained in the mother liquors from which the aceto- 
vanillone had been separated, as above described, was distilled, when 4 
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further small amount of acetovanillone was obtained, together with a 
trace of a substance, melting at about 301°, which corresponded in its 
properties to dehydrodiacetovanillone (Nietzel, Ber, 1891, 24, 


9688). 


The aqueous liquid from which the acetovanillone had been removed 
by extraction with ether was treated with a solution of basic lead 
acetate. This produced a voluminous, yellow precipitate, which was 
collected, washed, and then suspended in water and decomposed by 
hydrogen sulphide. On filtering the mixture, a liquid was obtained 
which gave a bluish-black coloration with ferric chloride and evidently 
contained a quantity of tannin. The liquid was evaporated to dryness 
under diminished pressure, when about 200 grams of a brown, 
amorphous product were obtained, from which, however, nothing 
definite could be isolated. 


Isolation of a Toxic, Bitter Principle, Apocynamarin, C,,H,,03,H,0. 


The filtrate from the above-mentioned basic lead acetate precipitate 
was treated with hydrogen sulphide for the removal of the excess of 
lead, and the filtered liquid concentrated under diminished pressure to 
a volume of 4°5 litres. The syrupy liquid thus obtained was kept for 
about four weeks, during which time a crystalline substance slowly 
separated. This substance was collected, washed with cold water, and 
dried in the air, when it amounted to 12 grams. It was purified by 
crystallisation from dilute alcohol, when it formed handsome, colourless 
prisms melting and decomposing at about 170—175°. 

The air-dried substance was analysed : 

0'1324 gave 0°3175 CO, and 0:°0965 H,O. C=65:4; H=8:l. 

1:2010 of the ain duied substance, on drying in a vaguum, a 
0205 H,O. H,O=1°7 per cent. 

The substance after drying in a vacuum was analysed : 

01390 gave 03390 CO, and 0°1020 H,O. C=66:5; H=8'l. 

After recrystallisation and drying in a vacuum, it was again 
analysed : 

01372 gave 0°3352 CO, and 0:1005 H,O. C=66:°6; H=8:l. 

0:4020 of the substance, dried in a vacuum, when heated at 110—115°, 
very slowly lost 0°0286 H,O. H,O=7'1. 

C,,H,,0,,H,O requires C=66°7 ; H=8:0; H,O=7'1 per cent. 

A determination of the moleeular weight of the substance, dried in 
4 vacuum, was kindly conducted by Mr. A. J. Ewins, B.Sc, according 
to Barger’s microscopic method (Trans., 1904, 85, 286), and gave the 
following result : 
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0°1100 in 2°41 pyridine was between 0°18 and 0°19 mol. benzil jp 
pyridine, hence M.W. 254—240. 

C,,H,,0, requires M. W. = 252. 

It is evident that this substance possesses the formula C,,H,,0,, and 
that it crystallises with one molecule of water, the small additiona] 
amount of water contained in the air-dried substance being doubtless 
occluded moisture. As it does not agree in its properties with an 
substance of the above formula which has hitherto been described, it 
is proposed to designate it Apocynamarin, with reference to the 
generic name of the plant from which it has been obtained, and the 
fact that it possesses an extremely bitter taste. 

If to a solution of apocynamarin in acetic anhydride a few drops of 
concentrated sulphuric acid are added, a red colour is produced, which 
rapidly changes, first to blue and then to green, the green solution 
showing a fine reddish-bronze fluorescence. 

On dehydrating apocynamarin by heating it at 115°, the water is 
only very slowly eliminated, the substance at the same time undergoing 
some further change, becoming brown and amorphous, The water of 
crystallisation may, however, be removed by prolonged boiling with 
chloroform, when the substance slowly dissolves. On evaporating the 
solvent a syrup, consisting of anhydrous apocynamarin, is obtained, 
and on treating this with water it at once crystallises, regenerating 
the original substance. 

Apocynamarin is a neutral substance, but is changed by prolonged 
boiling with acids or alkalis. It contains no methoxyl group, and 
attempts to prepare an acetyl derivative resulted only in the formation 
of a syrup. Apocynamarin combines with phenylhydrazine, but the 
resulting hydrazone was amorphous and could not be obtained pure. 
It contained 5°6 per cent. of nitrogen, whereas theory requires 8'5 per 
cent. It appears, therefore, that apocynamarin contains a carbony! 
group, and may be an aldehyde, since it readily reduces ammoniacal 
silver nitrate and alkaline potassium permanganate solutions, 


Isolation of a New Glucoside, Androsin, 
CH,°CO-C,H,(0°CH,):O°C,H,,0,,2H,O 


(Acetovanillone Glucoside). 


The aqueous liquid from which the apocynamarin had been removed 
by filtration, as above described, was concentrated to the volume of 2 
litres and kept for some weeks, but nothing further separated from it. 
The concentrated liquid, which formed a viscid syrup, contained a con- 
siderable quantity of sugar, as it readily reduced Fehling’s solution, 
and yielded d-phenylglucosazone, melting at 208—210°. 

One-eighth of the total liquid was diluted with water to 1 litre, and 
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then shaken with successive portions of chloroform in order to remove 
any possible traces of acetovanillone. About 50 grams of concentrated 
sulphuric acid, diluted with an equal weight of water, were sub- 
sequently added, and the solution boiled forthree hours. The contents 
of the flask, which consisted of a dark brown aqueous liquid and a 
quantity of resinous material, were allowed to cool, and then filtered. 
The clear, aqueous filtrate yielded on extraction with chloroform 1°5 
grams of acetovanillone. It thus appears probable that the glucoside 
of acetovanillone was present in the original aqueous liquid and in 
considerable quantity, as the amount of acetovanillone liberated by 
hydrolysis corresponded to about 24 grams of its glucoside in the total 
aqueous liquid. 

With the object of isolating the glucoside, 1 litre of the above- 
described aqueous liquid was mixed with 3 litres of alcohol, and 
allowed to stand for twelve hours at 0°. The clear alcoholic liquid 
was then decanted from the syrup which had separated, and the latter 
again extracted with alcohol in a similar manner. The combined 
alcoholic extracts were evaporated to about 2 litres, when a further 
quantity of syrup separated, from which the supernatant liquid was 
decanted. The syrup was repeatedly extracted with small quantities 
of absolute alcohol, and the combined alcoholic liquids were evapor- 
ated. From the resulting alcoholic extract, after a prolonged process 
of extraction, a quantity of a syrup was eventually obtained which 
was entirely soluble in ethyl acetate containing a little alcohol. This 
syrup was dissolved in water, and the solution repeatedly extracted 
with chioroform, after which it was extracted twice with cold amyl 
alcohol, The aqueous liquid was concentrated as far as possible under 
diminished pressure, the residue dried, and then extracted many times 
with small quantities of dry, boiling ethyl acetate. The product 
removed by the latter solvent was dissolved in a small quantity of 
alcohol, when the solution, after some days, deposited a crystalline sub- 
stance. This was collected and washed with alcohol, after which it 
was crystallised, first from 70 per cent. aleohol and finally from water. 
Bythis means about 1 gram of a substance was obtained in long, 
colourless needles, melting at 218—220° : 


0:2039, heated at 115°, lost 0°2100 H,O. H,O=10°4. 
C,;H..0,,2H,O requires H,O = 9°9 per cent. 
0:0980 of anhydrous substance gave 0°1969 CO, and 0°0560 H,O. 
C=54'8 ; H=6°3. 
C,;H.,0, requires C=54°9; H=6:1 per cent. 


Half a gram of the substance was boiled for two hours with 5 per 
cent, aqueous sulphuric acid, when, on extracting the solution with 
chloroform, acetovanillone was obtained. The aqueous liquid, after 
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being deprived of sulphuric acid and concentrated, yielded, on treat. 
ment with phenylhydrazine, d-phenylglucosazone, melting at 
208—210°. 

It is evident that the above-described substance is the glucoside of 
acetovanillone, and, being a new compound, it is proposed to designate 
it androsin. 

Androsin is readily soluble in hot water or hot dilute alcohol, but 
sparingly soluble in cold water or in absolute alcohol. It is q 
B-glucoside, since it is hydrolysed by emulsin. 

When androsin is heated with acetic anhydride, it yields an acetyl 
derivative, which crystallises from absolute alcohol in colourless 
needles melting at 154°. 


Physiological Tests. 


The physiological action of a number of the products obtained 
in the course of this investigation was kindly determined by Dr, 
H. H. Dale, Director of the Wellcome Physiological Research 
Laboratories. 

The only active products obtained from resin (A) were the ethyl 
acetate and alcohol extracts, and these, when administered per os to 
dogs in doses of 0°5 gram, caused death, preceded by vomiting. The 
ethyl acetate and alcohol extracts of the resin (B) had only an emetic 
action. Acetovanillone, when injected intravenously into a cat, pro- 
duced a small and very evanescent rise of blood pressure, whilst its 
glucoside, androsin, had no definite effect. One decigram of apocyna- 
marin, when administered per os to a dog, had a powerful emetic action 
and no after effects. When, however, 10 milligrams of this substance 
were injected intravenously into a cat, a very large increase of blood 
pressure occurred, soon terminated by heart failure. Apocynamarin, 
when injected into the circulatory system, has also a pronounced 
diuretic action. The aqueous liquid from which the apocynamarin had 
been obtained produced some effects similar to those caused by the 
latter compound. 

The conclusion, therefore, seems warranted that the emetic, diuretic, 
and cardiac tonic actions for which apocynum has been employed in 
therapeutics are all attributable to apocynamarin. It is probable, 
however, that the toxic action of the products obtained from resin (A) 
is due to another active principle: The physiological action of 
apocynamarin is being further investigated by Dr. H. H. Dale. 


Summary. 


The results of this investigation may be summarised as follows: 
The material employed was the air-dried rhizome of Apocynwm 
androsaemifolium, Linné. An alcoholic extract of the rhizome, when 
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distilled with steam, yielded a small amount of an essential oil, 
together with some acetovanillone. The essential oil, deprived of acidic 
substances, distilled between 130° and 250°, and possessed a strong, 
persistent odour. The non-volatile constituents of the rhizome, as 
obtained after treating the alcoholic extract with steam, consisted of 
a brown resin (A) insoluble in either hot or cold water; a brown 
resin (B) readily soluble in the hot aqueous liquid, but which was 
slowly deposited on standing ; and material which remained dissolved 
in the cold aqueous liquid. The brown resin (A), amounting to about 
53 per cent. of the weight of the rhizome, yielded small quantities of 
ipuranol, C,,H,,0,(0H), (m. p. 285—290°), and acetovanillone, 
palmitic, stearic, oleic, and linolic acids, and a large quantity of 
unsaponifiable material. From the latter, two new alcohols, androsterol, 
C4H,°OH (m. p. 208—210°), and homoandrosterol, C.,H,,"OH (m. p. 
192°), were obtained, whilst the presence of a third alcohol, apparently 
isomeric with androsterol, was proved by the isolation of its bromo- 
acetyl derivative (m. p. 265—268°), Androsterol yields an acetyl 
derivative (m. p. 212—214°) and a monobromoacetyl derivative (m. p. 
228—230°). Acetylhomoandrosterol melts at 236°. The brown resin 
(B), amounting to 0°58 per cent. of the weight of the rhizome, yielded 
a further small quantity of acetovanillone. The portion of the alcohol 
extract of the rhizome which was soluble in cold water, and from 
which the above-described resins had been removed, contained large 
amounts of sugar and tannin. It yielded a quantity of acetovanillone 
(m. p. 115°), which was also present in the form of its glucoside, 
androsin, CH,*CO-C,H,(O°CH,)*O°C,H,,0,,2H,O (m. p. 218—220°), 
and a new substance, apocynumarin, C,,H,.0,,H,O (m. p. 170—175°), 
which possesses an intensely bitter taste, is highly toxic, and represents 
the chief active constituent of the rhizome. 


Addendum. 


Since the above paper was written, a preliminary note by Horace 
Finnemore (Proc., 1909, 25, 77) has appeared, in which he records the 
isolation of an active principle from the root (rhizome) of Apocynum 
cannabinum. This substance he proposes to designate “ cynotoxin,” 
and assigns to it the formula C,,H,,0,. The properties attributed by 
Finnemore to “cynotoxin” are practically the same as those of 
apocynamarin, the composition of which agrees with the empirical 
formula C,,H,,0,,H,O. In this connexion it is significant that 
apocynamarin, when air-dried, yields results on analysis which are in 
accordance with the formula assigned by Finnemore to “cynotoxin.” 
It has been shown, however, that air-dried apocynamarin contains, not 
only water of crystallisation, but also some occluded water, the latter 
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being lost on drying in a vacuum. It therefore seems probable that 
the active principle of Apocynum cannabinum is identical with 
apocynamarin, 

With consideration of the formula assigned by Finnemore ((oc. cit.) 
to the active principle of Apocynum cannabinum, and his conclusion 
that “it is a dilactone, either of Kiliani’s digitic acid, C,)H,,0, (Ber., 
1891, 24, 339), or of a closely related isomeride,” the present author 
has redetermined the molecular weight of apocynamarin, 

The substance, after drying at 115° until constant in weight, gave 
the following result : 

03420 in 25°00 nitrobenzene gave A‘ —0°192°. M.W.=492. 

As, however, apocynamarin when dried at 115° suffers some 
decomposition, the molecular weight was also determined by the 
cryoscopic method in acetic acid solution, first with the hydrated 
substance, and then with anhydrous material, as obtained after 
removing the water of crystallisation by means of chloroform, the last 
traces of the latter having been expelled by anhydrous acetic 
acid ; 

05305 of hydrated substance in 24°65 acetic acid gave A’ -0:307°. 

M.W. = 268. 
0°4990 of anhydrous substance in 21°50 acetic acid gave At —0°187° 
M.W. = 473. 
C,,H,,0;,H,0 requires M.W. = 252. 
C,,H,,0, »  M.W.=468. 

Apocynamarin, when dehydrated by boiling with chloroform, does 
not appear to suffer any change other than the loss of water of 
crystallisation, as the material thus obtained is instantly converted 
into the crystalline hydrated substance when brought in contact with 
water. lt would therefore appear probable that the values given by 
the anhydrous substance indicate the correct molecular weight of the 
compound, and that the lower figure yielded by the hydrated compound 
is due to the water of crystallisation. 

Dr. G. Barger has kindly conducted two determinations of the 
molecular weight with the hydrated substance by his microscopic 
method, which gave the following results, and therefore support the 
above view. 

(1) 0:0933 in 0887 acetic acid at 80° was between 0°225 and 

0°250 mol. 

(2) 0°1072 in 1-914 alcohol was between 0°111 and 0:147 mol. 

(1) Mean M.W. = 442. (2) Mean M.W.= 441. 


The correct formula for apocynamarin would thus appear to be 
C,,H,,0,,2H,0, that is, double the formula assigned to it in the 
preceding part of this paper. The lower value obtained for the 
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substance in pyridine solution, which indicated its formula to be 
(,,H,,0;,H.O, cannot as yet be explained. 

The result obtained by the analysis of the phenylhydrazone of 
apocynamarin (p. 746) is also in agreement with the double formula, 
since this compound was found to contain N=5'6, and C,,H,,0,N, 
requires N = 5°0 per cent. 

In view of tne above facts it is, therefore, possible that apo- 
cynamarin is the dilactone of Kiliani’s oxydigitogenic acid, C,,H,,0, 
(loc. ctt.), or of an isomeride. 


In conclusion, the author wishes to express his thanks to Dr. F. B. 
Power for suggesting this research, and for advice and assistance given 
throughout the course of the work. 


THE WELLCOME CHEMICAL RESEARCH LABORATORIES, 
Lonpon, E.C. 


LXXXVI.—A Crystalline Bleaching Powder. 
By Kennuevy Josern Previré Orton and WILLIAM JacoB JONES. 


The constitution of bleaching powder has been a subject of controversy 


since Odling (1861) first suggested the graphic formula Carn for 


the bleaching compound present in bleaching powder. This formula was 
supposed to account for the following properties of the powder : bleach- 
ing powder does not deliquesce ; carbon dioxide causes the expulsion of 
the major part of the active chlorine (88 per cent. in most favour- 
able circumstances). Lunge, as the result of exhaustive researches 
(Lunge and Schippi, Polyt. Journ., 1881, 23'7, 63 ; compare Lunge, 
Soda-Industrie, Vol. 111, p. 366, et. seg.), lent the great weight of his 
authority in favour of Odling’s formula. But in reply to Kraut’s 
criticism (Annalen, 1882, 214, 354) that the non-deliquescent 
character of bleaching powder only indicated a ‘double salt” of 
calcium chloride and calcium hypochlorite, analogous to the non- 
deliquescent double salt of calcium chloride and calcium acetate, 
CaCl,,Ca(O,C-CH,),,5H,0, 
Lunge states (Lunge and Naef, Annalen, 1883, 219, 130) that the 


formulas Ca<Oo and CaCl,,Ca(ClO), have quite the same meaning. 


The former merely represents the simplest composition of the bleach- 
ing compound. 
3c 2 
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Attempts to come to a decision between these two formule by 
extracting one or other of the salts from the solid by solvents which 


would not decompose the compound Oa<Cop that is, by solvents 


other than water, have recently been made by von Tiesenholt (J, 
pr. Chem., 1901, [ii], 65, 512). He extracted the hypochlorite by 4 
mixture of alcohol and chloroform, but inasmuch as the solvent reacts 
with, and does not merely dissolve one constituent, the hypochlorite, 
little weight can be placed on this experiment. 

Light has recently been thrown on the second property of bleaching 
powder, the expulsion of chlorine by carbon dioxide, from several 
sides. von Tiesenholt (oc. cit.) showed that chlorine is expelled from 
an artificial bleaching powder, prepared by mixing calcium chloride 
and calcium hypochlorite, the latter being obtained by passing 
chlorine monoxide over dry calcium hydroxide. Later (J. pr. Chem, 
1906, [ii], 73, 301), he observed that chlorine was evolved from moist 
mixtures of solid chlorides and hypochlorites at temperatures from 40° 
to 100°. These reactions indicate that: hypochlorous acid (hydro- 
lytically dissociated or expelled from its salts by carbon dioxide) 
attacks chlorides, yielding chlorine and the free base or the carbonate: 
MCl + HClO = MOH + Cl,. 

Moreover, the researches of Foerster (J. pr. Chem., 1899, [ii], 59, 
244 ; ibid., 1901, [ii], 63, 141) on the mechanism of the transforma- 
tion of hypochlorites, etc., into chlorates and chlorides have shown the 
existence of a direct action of hypochlorous acid on chlorides in which 
chlorine is evolved : NaCl + 6HCIO = NaClO, + 3H,0 + 3C],. 

Between the decomposition of bleaching powder and the reaction 
studied by Foerster there is a resemblance in that the formation of 
chlorate accompanies the evolution of chlorine. 

In the face of these facts the evolution of chlorine from bleaching 
powder under treatment with carbon dioxide can scarcely be urged 


as evidence of the presence of the molecule Oar 


The constant presence of calcium hydroxide in bleaching powder has 
led many authorities to maintain that this substance is a necessary 
constituent of the compound. In recent times, Ditz (Zettsch. angew. 
Chem., 1901, 14, 3, 25, 49, 105; 1902, 15, 749) has made an 
elaborate study of the bleaching powder formed at different tempera- 
tures and with increasing quantities of water added to the calcium 
hydroxide. He infers that bleaching powder is a mixture of two 


compounds, compound 4, Ca0,Ca< hyp H,0 [which provides 309 


per cent. active chlorine, and may be written 
2Ca(OH),,CaCl,,Ca(OCl) , 
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((IrCarO-Ca:Cl),(C10-Ca+O-CaOCl),2H,0, or Oncor noah 


and a compound B, CaO ry H0, which provides 48°9 per cent. 


of active chlorine. These two compounds are distinguished among 
other things by their behaviour when heated. Compound A is 
produced at —10°; at higher temperatures compound B appears. 
Finally, Ditz obtained a bleaching powder yielding 48°74 per cent. of 
active chlorine, that is, compound B nearly pure. 

von Tiesenholt (loc. cit.) and Winteler (Zeiisch. angew. Chem., 1902, 
15, 773), on reviewing the evidence accumulated by themselves and 
others, agree in the opinion that ordinary bleaching powder is a very 
complex material and contains basic chlorides and hypochlorites, 
Thus the first phase of the reaction of chlorine and calcium 
hydroxide would lead to the formation of a complex, 

CaO Ca vied 

a material of the same composition as Ditz’s first compound (A). In 
highly chlorinated bleaching powders these basic salts are partly 
converted into normal salts. In von Tiesenholt’s opinion the pro- 
perties of bleaching powder, when compared with those of mixtures 
of chlorides and hypochlorites of metals other than calcium, necessitate 
the conclusion that bleaching powder contains a compound of calcium 
chloride and hypochlorite, either a double salt, CaCl,,Ca( wh (or 


the basic salts), or a compound of the structure Onn: The 


formation of this complex is a property of these particular salts ; it is 
not produced by chlorides and hypochlorites of other metals, and 
hence arises the peculiar suitability of calcium hydroxide (apart from 
its low solubility) for yielding a stable bleaching powder. 


Up to the present no crystalline bleaching powder has been described, 
although the fact that an aqueous solution of bleaching powder yields 
a crystalline separation on cooling has long been known. Kingzett 
(Trans., 1875, 28, 404) obtained crystals, on the one hand by cooling 
and, on the other, by evaporating in a vacuum over sulphuric acid 
4 concentrated extract of the powder. His analysis of one specimen 
(prepared by evaporation) led to his describing them as calcium hypo- 
chlorite, Ca(Cl1O),,4H,O. In other preparations, however, he was not 
able to obtain specimens which gave very satisfactory analytical numbers. 

Winteler (oc. cit.) states that he has frequently prepared crystals 
from solutions of bleaching powder by cooling in a freezing mixture. 
He affirms that these crystals, of which no analyses are given, are 
merely calcium oxychloride. 
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Our experiments started in the chance separation of large, prismatic 
crystals from a concentrated solution of bleaching powder which had 
been left for some weeks in a dark cupboard in the autumn. The 
solution could not have been exposed at any time to a lower tempera. 
ture than 8°, and must have generally been at about 12°. These 
crystals had grown each separately from the walls of the bottle, and 
could thus be easily isolated from the mother liquor. 

Properties.—The crystals (in all about 0°9 gram) were in the form 
of long'(0°5 to 1:2 em.), colourless prisms, with a lustre equal to that 
of lead chloride. With water they disintegrated, the solution being 
alkaline, and containing both chloride and hypochlorite ; the residue, 
which was of low solubility, was mainly calcium hydroxide, but 
contained also both chloride and hypochlorite. The crystals behave, 
in fact, to water very much in the same manner as ordinary bleaching 
powder. This reaction with water excluded the possibility of washing 
the crystals with water or an aqueous salt solution (procedures which 
were adopted by Kingzett and Winteler). 

They were kept for several weeks in an atmosphere free from 
carbon dioxide without material change, although their lustre 
gradually disappeared ; the yield in active chlorine had not, however, 
undergone any perceptible alteration. 

The crystals did not deliquesce in the air, but after several days’ 
exposure it was found that calcium carbonate had been formed, and 
the hypochlorite had mostly disappeared, chloride and chlorate taking 
its place. The material was now deliquescent, again closely resembling 
bleaching powder. On heating at 100° the crystals attained constant 
weight after three-quarters of an hour. Although they had lost 375 
per cent. of their weight, it was found that there was no diminution 
of the proportion of active chlorine. 

Owing to the small quantity of material, the analyses had to be 
carried out on unusually small weights. Estimations were made of 
the water (lost at 100°), calcium, total chlorine, active chlorine, and 
alkalinity, that is, calcium oxide either as basic salt or as hydroxide; 
the latter was estimated by dissolving the crystals in excess of standard 
hydrochloric acid, removing the chlorine by aspiration, and then 
titrating the acid not neutralised. The deficiency, failing evidence of 
the presence of either carbonate or chlorate, was taken to be water 
combined as calcium hydroxide : 


0-1163 set free iodine equivalent to 5:15 c.c. W/10 I. Active chlorine 
= 15°66. 

0:0643 lost 00241 at 100°. H,O=37-48. 

0°1475, after reduction with arsenite, gave 0°0942 AgCl. Cl= 15-925. 

0:0960 gave 0:0389 CaO. Ca= 28°94. 
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00993 neutralised 14:17 V/10 HCl and 4°25 c.c, V/10 Na,S,0, ; 
hence CaO neutralised 9°92 c.c. V/10 HCl. CaO= 28:0. 

From these numbers: CaCl, = 12°66, Ca(ClO), = 15°82, CaO = 28°00 
H,0=37'48, H,O as Ca(OH), = 6-04 per cent. 

These figures lead to a somewhat complicated formula, on the 
exactness of which too much stress cannot be laid, namely : 
90aCl,,2Ca(Cl0),,9CaG,[5H,0],,37 H,0 or, preferably, 

2(Cl-Ca*O*Ca-Cl),2(OC1*Ca*O-Ca:OCl),5Ca(OH),,37H,0, 
which requires: CaCl, =12°55, Ca(ClO),=16:17, CaO=28'54, H,O 
= 37°65, H,O as Ca(OH), =5-09 per cent. 

Since calcium hydroxide has a very low solubility in water, it is 
obvious that no great amount of a compound with such a large pro- 
portion of caleium oxide could be obtained from a solution of bleaching 
powder. A comparison of the composition of the separation with 
that of the solution brings out a striking contrast, The bleaching 
powder from which the solution was prepared contained 31:16 per 
cent. of active chlorine; the molecular ratio CaCl, :Ca(ClO), was 
1396: 1. The solution was prepared by extracting the powder for 
several days with cold water, and contained CaCl, = 96°71, Ca(ClO), = 
70°15, Ca(ClO,),= 2°74, and Ca(OH),=1°7 grams per litre.* The 
solution contained 69°65 grams of active chlorine per litre, and its 
density was 1:140 at 7:7°/7:7°. The ratio CaCl, :Ca(CaO), was 
177: 1, but the solution was far from being saturated with respect to 
calcium chloride. 

Cooling the mother liquor to — 5° caused the separation of a small 
amount of white, feathery, lustrous crystals, which, owing to their 
form and nature, could only be very imperfectly separated from the 
mother liquor, and hence but approximately analysed. Both in 
general characters and composition they resembled the large crystals. 
The calcium chloride and hypochiorite were in the molecular ratio 1 : 1, 
but the caleium hydroxide comes out somewhat less. 

Solutions of bleaching powder of other concentrations were examined. 
Spontaneous crystallisation at the ordinary temperature was not 
again observed. A very highly concentrated solution of bleaching 
powder (CaCl, =141°6, Ca(ClO),=90°97, Ca(OH),=1'4 grams per 
litre), in which the ratio CaCl, : Ca(ClO), =2:004:1, yielded only at 
~18° crystals simultaneously with ice. The crystals (0°7 gram 
separating from 1 litre of solution) resembled in all respects, except 
form, those described in the foregoing, the ratio CaCl, : Ca(ClO), 

* Lunge (Soda-Industrie) gives a typical composition of a solution of bleaching 
powder, in which he finds Ca(OH),=4°21 grams per litre, that is, the solution 
contains a quantity of calcium hydroxide which is more than twice that present in 


asaturated solution of the base. Moody and Leyson (Trans., 1908, 98, 1767) find 
that 1 litre of water dissolves 1°643 grams of calcium hydroxide at 15°, 
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being still 1:1, in spite of the higher proportion and concentration 
of calcium chloride in the solution. The proportion of calcium 
hydroxide had still further fallen. 


The description of the crystals obtained by Kingzett and Winteler 
leaves little doubt that the latter in any case was dealing with a 
similar material. He isolated it only as fine feathery needles, and 
records no analyses ; he washed it with concentrated calcium chloride, 
which he states removed hypochlorite and left an insoluble material, 
This he took to be calcium oxychloride, and hence concluded that the 
original separation consisted of that substance. Moreover, he con- 
cluded that Kingzett’s material was of the same nature, a conclusion 
which appears to have been accepted by many chemists. 

The material which Kingzett obtained on cooling the solution was 
probably of the same nature as ours ; he did not examine it minutely, 
but there can be no doubt that the crystals which he obtained by 
evaporation and analysed were of a different nature. He believed 
that they were a hydrated calcium hypochlorite. 


To satisfy ourselves on this point, we have tried the concentration 
of solutions of bleaching powder: (I) by distillation under reduced 
pressure, and (II) by evaporation over sulphuric acid and potassium 
hydroxide (Kingzett’s method). 

When the concentration had proceeded until the solution was about 
4N (active chlorine = 142 grams per litre), a crystalline powder began 
to separate. ‘hese crystals, which were characteristically soft and 
soapy when pressed on porous plate, are very different from the 
material obtained by cooling the more dilute solutions of bleaching 
powder. They had a strong odour of hypochlorous acid, and when 
warmed gave off water and chlorine. They were readily and con- 
pletely soluble in water. At 100° they came to constant weight in 
thirty minutes, but had lost chlorine (or hypochlorous acid) besides 
water. Nevertheless, the percentage of active chlorine in the dry 
material was 71:74, whilst if the loss on heating had been only due to 
water, it would have been 78°8, Dehydration over sulphuric acid and 
potassium hydroxide was very slow, and was also accompanied bya 
similar loss of active chlorine. The anhydrous material was not 
markedly hygroscopic. Analyses were made of the hypochlorite, 
chloride, calcium, and alkalinity, and indicate that the substance is 
mainly a hydrated calcium hypochlorite (Ca(C1Q), = 58°35, H,O = 28°69, 
and Ca(OH),=9°61 per cent.). The ratio Ca(ClO),:H,0 was 1:4, 
but we find calcium hydroxide present, the ratio Ca(OH), : Ca(Cl0), 
being 1:3, and hence either the substance is a basic salt or, more 
probably, is mixed with a basic salt. 

The material is obviously identical with that described by Kingzett, 


DER. 


tration 
alcium 


inteler 
with a 
Ss, and 
loride, 
terial, 
at the 
@ con- 
‘lusion 


N was 
utely, 
ed by 
lieved 


ration 
duced 
ssium 


about 
began 
t and 
a the 
ching 
when 
com- 
ht in 
esides 
» dry 
ue to 
1 and 
bya 
; not 
orite, 
ce is 
8°69, 
1 74, 
10), 
more 


zett, 


ORTON AND JONES: A CRYSTALLINE BLEACHING POWDER. 1757 


and correctly believed by him to be a hydrated calcium hypochlorite, 
(a(Cl0),,4H,O. Recently, the Chemisehe Fabrik, Griesheim-Elektron 
(D.R.-P. 1906, No. 188524, Chem. Zentr., 1907, ii, 1950 ; D.R.-P. 1907, 
No. 195896, Chem. Zenétr., 1908, i, 1109) has obtained similar basic 
hypochlorites by evaporating solutions made by saturating milk of 
lime with chlorine. 

Conclusions. —The most notable feature of the crystalline separa- 
tions which we have obtained from bleaching powder solutions of 
moderate concentrations at low temperatures is the remarkable 
constancy of the ratio of the calcium chloride to hypochlorite. 

This constancy was maintained in crystals separating from solutions 
in which the ratio CaCl, :Ca(ClO), was not only very different, but 
varied ; the value of the ratio was not affected by the temperature at 
which the separation took place. On the other hand, the proportion of 
calcium hydroxide and water is without doubt variable, even when 
full regard is had to the uncertainty of the analytical numbers. Since 
the yield of the crystals is obviously limited by the low solubility of 
the calcium hydroxide, the chloride and hypochlorite are probably in 
the form of basic salts. 

On the other hand, from solutions which are saturated with respect 
to the hypochlorite, this salt, and not the compound, separates alone, 
at least at temperatures above 0°. 

This constancy of the proportion in which the two salts are found 
points, in our opinion, to the existence of a compound of calcium 
hypochlorite and chloride, and probably also of their basic sults. 
This compound of the basic salts would be identical with Ditz’s sub- 
stance (A) which is obtained from calcium hydroxide at — 10°, 

2Ca(OH),,CaCl,,Ca(OCl).. 

From the variability of the calcium hydroxide in the crystals, we 
infer that the association of the base with the compound is of the 
nature of an isomorphous mixture. The alternative hypothesis, that 
we are dealing with a series of different basic salts, seems scarcely 
probable in the light of the constancy of the ratio of chloride to 
hypochlorite. 

The nature of these crystalline compounds is entirely in harmony 
with, and affords strong additional evidence for, the view, which has 
been arrived at by a study of the properties of bleaching powder, that 
the powder contains a compound of calcium chleride and hypochlorite. 
Moreover, as recent studies of bleaching powder have shown, this 
compound consists of basic salts, except when. the bleaching powder is 
exceptionally highly chlorinated. Only in the early stages of chlorina- 
tion should we expect to find the calcium hydroxide playing the part 
which we suggest it takes in the crystalline bleaching powder. 

University CoLLEGE oF NortH WALES, 
BaNnGor. 
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LXXXVII—The Affinity Values of Certain Alkaloids, 
By Victor HersBert VELEY. 


Ir is a matter of common knowledge that determinations of the 
affinity values of most naturally occurring alkaloids present consider. 
able experimental difficulties ; their insolubility in water, and in most 
cases the very slight hydrolysis of their salts at the ordinary tempera. 
ture, preclude determinations by the electric conductivity or ester 
catalysis methods, and, except in a few cases, by the methyl-orange 
method. Bredig (Zeitsch. physikal. Chem., 1894, 13, 289) gave certain 
results obtained by the electric conductivity method for the hydro- 
chlorides of a few alkaloids, from which the general conclusion was 
arrived at that the velocity of their ions was of a comparatively 
low order. 

On the other hand, it is well known that the greater number of 
alkaloids are precipitated or displaced by solutions of ammonia, 
although a few are not so precipitated, but only by solutions of sodium 
hydroxide. 

To express the matter in its most general form if the functions 
of the affinity values of an alkaloid be represented by ¢(0’) and that of 
ammonia by $(b), in terms of the acids, (a), then in the one case 
¢ (a)b(b)>¢'(a)p(0'), and in the other,. ¢'(a)pb<¢'(a)h(0’) ; in any 
equilibrium equation ¢ (a) disappears if the acid is the same in all 
cases. It is also known that some alkaloids will displace others from 
their salts, so that a classification of a general type has been arrived at. 

In the present communication it is desired to give an account of 
results obtained (1) by the methyl-orange method in a few cases, and 
(2) by a precipitation method, together with a few prefatory remarks 
on each. 

Methyl-orange Method.—Since the date of my last publications 
(Trans., 1908, 93, 652, 2114, 2122; this vol., 1) Lundén (Sammi. 
Chem.-ti. Chem-techn. Vorirdge, 1908, 14, 32, et. seg.), alluding to my 
method in the course of a discussion on the relative accuracy of the 
methods proposed for the determinationsof hydrolysis and affinity values, 
expresses the opinion that as methyl-orange is the sodium salt of 
an aminosulphonic acid, some of .the hydrochloric acid, whether free or 
liberated by the hydrolysis of a hydrochloride, is used up in the 
neutralisation of the amino-group to form a hydrochloride. Accepting 
this view, which sets forth a possible contingency, if the proportion of 
hydrochloric acid thus used up varies with the relative masses of acid 
and methyl-orange, there would be an error dependent on the mass of 
acid liberated by hydrolysis, but, as a matter of fact, it is found that 
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whether the hydrolysis is 90 per cent. or 1 per cent. the results 
obtained by my method are concordant with those obtained by other 
methods against which no such objection is possible. Lundén also 
alludes to the possibility that the proportion of acid used up may be 
the cause of my result, that Arrhenius’ hydrolysis formula is not 
applicable to the ultimate point (lim.)e=1, v=, which I have 
attributed to a possible reversal of hydrolysis at extreme dilutions. 
Until some method has been devised for the accurate determination of 
hydrolysis values when v<1 104, it will not be possible to decide 
between the two views. 

I desire to take this opportunity of replying to queries as to 
simple examples which are suitable for demonstrating to large classes 
of students the methyl-orange method as applied to illustrate differ- 
ences of hydrolysis and hence of affinity values. Such examples might 
be (1) o-toluidine and benzylamine hydrochlorides, both in JV/20 
solution, as illustrating the effect of isomerism, and (2) the hydro- 
chlorides of glycine and its ethyl ester, both in 1/20 solution, as 
illustrating the effect of substitution of carboxylic hydrogen by a 
hydrocarbon grouping, namely, the alteration of an amphoteric 
electrolyte to a strongly basic substance. Both these illustrations are 
quite simple, and require no tintometer ; 2 c.c. of the hydrochloride 
solutions can be added to 200 c.c. of a methyl-orange solution, which 
may be conveniently prepared by diluting the reagent as made up for 
laboratory purposes, namely, 1: 1000, up to 1:100,000. The diluted 
solution is best when freshly prepared, but the 1: 1000 solution 
appears to remain unaltered for several months. 

Suitableexamples for individual students, working with a tintometer,* 
can be selected from my papers, such as m-phenylenediamine hydro- 
chloride, giving half the value cf hydrochloric acid, both solutions being 
of same concentration; betaine or caffeine hydrochlorides, giving 
approximately identical values as hydrochloric acid, and others. I 
would only suggest the advisability of previously testing persons with 
coloured skeins of wool or slips of glass, as there are many, by 
no means colour blind, who are more or less unable to differentiate 
changes of tint (compare Burch, Phil. Zrans., 1908, B, 199, 231). 

Precipitation Method.—This method, described in outline in my 
former communication (this vol., p. 5—6), is based on the determina- 
tion of the mass of sodium hydroxide contained in a hydrolysed 
aqueous solution of borax which is required to produce an 
initial precipitation of the alkaloids in aqueous solutions of their 
hydrochlorides ; it is only applicable if the solubility of the alkaloid 
in water is less than 1/800, and if the hydrochloride is sufficiently 


* An improved form of instrument applicable for such work and designed 
according to my specifications can be obtained from Messrs. Baird and Tatlock. 
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soluble in water to form a WV/40-solution at least. In detail jt 
consists of dropping the borax solution from a burette, or in the case 
of smaller quantities, from a 1 ¢.c. pipette divided into 1/100th (both 
instruments being calibrated), into a known volume of alkaloid hydro. 
chloride contained in a flask resting on black paper until a permanent 
precipitate is produced. 

The reaction, with the one exception of papaverine, was perfectly 
sharp. Then, as previously explained, the relative masses of sodium 
hydroxide contained in the borax solution, and of the alkaloid 
combined initially with the hydrochloric acid, form a factor of these 
affinities just at that point at which a homogeneous system, all 
substances remaining in solution, passes into a heterogeneous system, 
namely, precipitation of alkaloid. Hence, therefore, if (b) and ¢())' 
be functions of the affinities of the soda and alkaloid respectively for 
hydrochloric acid (or of their ions for the chlorine ion), and M and I’ 
their respective masses, then 


P(O)/G(O)=M/M . . . . . . «~~ (I) 
The same result could be arrived at by the hydrolysis equations : 

l-z ’ 1-2’ 
ko[lew = and ky [lew = ap R oe 
hence ky[ko' =x'2(1 —a)M'/ar(l—a’')M . . w . (8). 
But as the hydrolysis both of the sodium chloride and alkaloid 
hydrochloride is very small, equation (3) resolves itself into 
equation (1) with an inappreciable error. 

In order to convert the functions 4(b), 4(5)’ in equation (1) into 
aflinity values ky, ky’ in equation (3), the following data have been 
utilised, 

The hydrolysis of a V/10-sodium borate solution is taken at 1 per 
cent. (compare preceding communication) ; the relative affinities of 
sodium and ammonium hydroxides are, according to the mean of 
Ostwald’s determinations by various methods, in the ratio 100:;1°%8. 
The affinity value of ammonia iy,;=1:7 10~> according to Lundén 
(J. Chim. Phys., 1907, 3, 574), according to Denham (Trans, 
1908, 93, 50) Koes) cai. =4 10-9, which corrected for temperature 
is kyus,=3°7 10-5, and the mean of these two values, namely, 
kinsy= 2°7 10-°, has been taken. The value kia =5 10-%, obtained 
by Moore (Trans., 1907, 91, 1382) by the chloroform extraction 
method, is probably too high. Hence, therefore, M’/M x 1°8/100 
gives the factor (f) of the relative affinities of ammonia and an 
alkaloid, and also 2°7 10-5/f gives the actual affinity value of the 
latter. 

The errors of the method depend on (i) the correctness of all the 
data given above ; (ii) the tendency of supersaturation taking place 
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before initial precipitation ; (iii) the relative solubilities of the 
alkaloids, which introduces an indeterminable function, and (iv) the 
accuracy in reading small volumes of solutions. 

As regards (iii), results obtained with V/20- and /40-solutions of 
the alkaloid hydrochlorides were concordant within experimental 
. error ; as regards (ii), two to three minutes were allowed, the solutions 
being agitated if supersaturation was suspected. It is, of course, 
only desired to put forward the method as an attempt at approximations, 
since other methods are not applicable, unless an ester can be found, 
which is hydrolysed by a base of high affinity value within a reason- 
able limit of time, and is not hydrolysed by water under the same 
conditions. But, however this may be, it will be shown in the 
sequel that such approximations are in complete accordance with 
general conclusions which have been arrived at by physical and 
analytical data. 


Classification of Alkaloids. 


It will be proposed, for the sake of convenience only, to divide the 
alkaloids (including the artificially-prepared stovaine and its homo- 
logues) into three classes, as follows : 

(l) Relatively weak alkaloids, the hydrochlorides of which show traces 
(about 1 per cent.) by the methyl-orange method at the ordinary 


temperature, or when their solutions are heated for a certain time 
(three hours) at 60°; the affinity value of these is rather less than 
11077, 

(2) Stronger alkaloids, the hydrochlorides of which show no 
hydrolysis by the methyl-orange method under above conditions 
(although a few show hydrolysis when solutions are heated to 100°) ; 
the affinity value of these varies from 310° to 1 10~* (roughly in 
ratio 1: 30). It will be seen in the sequel that one or two alkaloids 
of affinity value less than 1 10-7 (and bence should belong to Class [) 
come in this category. Members of this class are precipitated by 
ammonia solution. 

(3) Strongest alkaloids, not precipitated by ammonia, but precipi- 
tated by sodium hydroxide solutions, although not in all cases by a 
hydrolysed borax solution. The affinity value of these is greater 
than 3 1075, 

The above classification is not, of course, intended to be arbitrary. 


EXPERIMENTAL, 


Class I.— Narcotine.—A solution of the hydrochloride of this alkaloid 
was prepared by dissolving a weighed quantity of V/20-hydrochloric 
acid so as to form a WV/20 solution of salt, presuming no hydrolysis to 
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take place ; this process required several days for completion. A few 
results were obtained by the methyl-orange method (series I) ; the 
solution was heated for three hours at 60° and again examined 
(series 1]), when a slight separation of alkaloid took place. 
I (temp. 17°).* II (temp. 20°). 
V=4 x 108, 

0°4 

0°7 

1°0 

* The methods of stating results and factors are those adopted in my previous 
communications, 

Value of & for 1= 0°35, for I[=0°7 ; hydrolysis values 1-1 and 272; 
Koay from 1=7-9 107°. 

Hydrastine.—The hydrochloride of this alkaloid in V/20-solution 
gave no measurable value with methyl-orange at the ordinary 
temperature ; after heating the solution for three hours at 60° the 
following results were obtained : 

V=4x 10° (temp. 20°). 
0°6 
1‘1 
1°6 

Value of k= 0°55; hydrolysis value =1°7, Hence hydrastine is a 
stronger base than narcotine ; its aflinity value is probably about 
1 107%, 

Papaverine.—The behaviour of a V/20-solution of the hydrochloride 
of this alkaloid was precisely similar to that of hydrastine solution; 
after heating for three hours at 60° the following results were 
obtained : 

V=4x 103 (temp. 20°). 
0°6 
1°2 
ig 

Value of &=0°6; hydrolysis value =1-:9. Papaverine is therefore 
intermediate between hydrastine and narcotine, and its aflinity value 
ky =9 10-8 approximately. 

The sodium borate precipitation method was not available in the 
case of papaverine, as the reaction was not sharp; the precipitate at 
first formed slowly dissolved, the rapidity of the re-solution decreasing 
with increase of borate solution added. 

On comparison of the two allied alkaloids, narcotine and papaverine, 
it is evident from the above that the order is papaverine > narcotine ; 
this result is in complete accordance with the thermochemical investi- 
gations of Leroy (Compt. rend., 1899, 129, 220), who obtained values 

Papaverine +1 mol. HCl ~=41°5 
Narcotine + ,, ~=23°8 
although both numbers are lower than might be expected. 
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As both papaverine and narcotine consist of conjoint benzyl and 
isoquinoline residues (Freund and Becker, Ber., 1903,|36, 152: 
narcotine. Goldschmidt, Monatsh, 1884, '7, 495; Pope and Peachey, 
Trans., 1898, '73, 893: papaverine), it is clear that the high affinity 
yalue of benzylamine, k;, = 2°4 10-5, is modified by that of the csoquinoline, 
f)=3'6 107), the nitrogen atom being common to both, the affinity 
values, ky =8 to 9 10-5, of the alkaloid not being widely removed 
from the mean of the values of the two component bases. ‘Their case 
is precisely analogous to that of tropine (compare former communica- 

vious tion). 

Narceine.—The hydrochloride was not sufliciently soluble in water 

22; for the purpose of this investigation. 

Class IJ.—Of the alkaloids of this class, only cocaine hydrochloride 
showed any measurable trace of hydrolysis by the methyl-orange 
method when the solution was heated for three hours at 100°. This 
alkaloid was dealt with in my previous communication as a derivative 
of tropine ; it is only desired to alter the value of %, from 2°5 to 
410-7 on account of alteration of ammonia factor. 

Aconitine.—The affinity value of this alkaloid was found to be about 
310° by the borax precipitation method; it would therefore be 
expected that its hydrochloride would be sufliciently bydrolysed to 
give a reaction by the methyl-orange method, but none could be 
detected even after prolonged heating of the solution at 60°. In 
any case the comparatively high affinity value is remarkable, having 
regard to the presence of the acidic groupings, namely, benzoyl 
and acetyl, as shown by Dunstan (Trans., 1894, 65, 292); but until 
the constitution of the aconine residue becomes a matter of more 
accurate knowledge the above result cannot be duly interpreted. 

Stovaine and its Homologues.—These compounds, although not 
strictly alkaloids, can be considered under this class, The values 
obtained by the borax precipitation method for (1) stovaine or 
(imethylaminomethyl)methylethylearbinol benzoate hydrochloride, 
0BvCMeEt-CH,*NMe,,HCl, and (2) the corresponding methy! deriv- 
ative, OBz*CMe,*CH,*NMe,,HCl, are given in the following table, in 
which J/’= mass of base, dissolved as hydrochloride, in decimilligrams, 
= mass of sodium hydroxide contained in the volume of borax 
solution required to produce precipitation, / the factor in terms 
of ammonia, namely, M’/Mx1-8/100 (compare supra), and ky the 
derived affinity value at temperature, approximately 15°. (The 
figures given in succeeding tables will have the same significance.) 

M. M. f. kp 1077, 
(I.) 1185 0°12 179 1°51 
(II.) 1115 0°24 84 8°22 
The corresponding isoamyl and phenyl! derivatives gave precipitates 
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with the borax solution so immediately that accurate results could 
not be obtained ; their affinity values are, therefore, about 1 10-7, 

Two points appear to be of interest, (i) that the dimethyl] derivatiye 
is a stronger base than the methylethyl derivative, and both ar 
stronger than the isoamyl and phenyl derivatives, and (ii) the 
relatively high affinity value of all the bases having regard to 
the presence of the benzoyl grouping, thus presenting cases analogous 
to that of aconitine, which they further resemble in that their 
solutions, after heating for some hours at 100°, show no hydrolysis 
measurable by the methyl-orange method. 

The results obtained for stovaine illustrate in a quantitative manner 
the necessity, insisted upon in writings * on anesthetics for washing 
out syringes, previously used for borax solutions, before introducing 
stovaine solutions. 

he Cinchona Alkaloids—In my former communication it was 
pointed out that the aflinity value of the stronger or piperidine residue 
was less than that of ammonia and greater than 1 10—" (Trans., 1908, 
93, 2116); on applying the borax precipitation method, this conclusion 
was confirmed. 

In two cases experiments were conducted with .V/20- and J/40- 
solutions of the hydrochlorides, and the results obtained were within 
the limits of experimental error. In the following table the detailsare 
given : 

f, ky 1077, 
125 (mean) 2°16 
114 2°36 
165°5 1°63 


Cinchonidine ... 4 28 i aul 
ichonidi 355 ; 91°5 (mean) 3°72 


The only point in the above figures which calls for comment is the 
low value obtained for cinchonine, as it would be expected from 
thermochemical determinations that the order would be cinchonine= 
cinchonidine > quinine=quinidine, which is that found with the 
exception of the first named. 

But, however this may be, the cinchona alkaloids, as a class, 
present cases analogous to that of tropine, in that the high affinity 
value of the piperidine nucleus is modified by being conjoined to the 
weaker quinoline nucleus. 

Strychnine.—The following values were obtained with a 1/20. 
solution of the hydrochloride : 

Mm’. M. f, ky 10-7. 
1670 0°16 189 1°43 


—— 


* The references in clinical journals published in this country, France, and 
Germany are too numerous to give in detail. 
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In this case, also, the affinity value of the stronger hydropyridine 
nucleus is modified by being conjoined to another grouping, probably 
that of isoquinoline, the nitrogen atom of which forms part of an 
acidic residue (compare Trans., 1908, 93, 2120). 

Gelsemine.—A. N/40-solution of the hydrochloride was used, owing 
to the sparing solubility of the salt; the values obtained are as 


under : 

M"'. M. : ky 10-®. 

2230 2°64 ‘ 1°8 

Emetine.—I am indebted to Mr. W. C. Reynolds for a sample of the 

hydrobromide (C,;H,,0,,N,HBr,2H,O) of this alkaloid, which is the 
salt most conveniently obtained, the free base, as also its solution in 
hydrochloric acid, turning a yellow colour quickly owing to absorption 
of oxygen from the air. The following values were obtained 
with a V/20-solution of the salt, three quite concordant determinations 
being made : 


M’. M, S. ke 10-5, 
2380 33°6 1°2 1°98 


The above result may not, of course, be quite strictly comparable 
with the others given, as the hydrobromide, instead of the hydro- 
chloride, was used. 

Class [1i.—Alkaloids of affinity value greater than ammonia. 

Brucine.—The following values were obtained : 


M’. M. J. k, 10-4, 
1672 80 0°376 72 

Attention was called in my previous communication to the great 
difference between the affinity values of brucine and its congener, 
strychnine. 

Sparteine.—No precipitation or turbidity was produced by the 
V/10-borax solution ; hence its affinity value is greater than about 
110-4, This result is in accordance with the most recent views of 
Moureu and Valeur (Compt. rend., 1903, 141, 261 and 328), who 
regard this alkaloid as a dipiperidyl derivative of constitutional 
formula : 

Ci, Ga, ¢H,———¢H, 
H°CH,°CH,"N N-CH,°CH,°CH 
H, CH:’CH,-CH-—-—--Cd, 


As both the residues are alike, there would be no modification, the 
one of the other, hence the affinity of both would be approximately that 
of piperidine, 1 10-, 

Cotarnine.—Experiments with the hydrochloride of this alkaloid by 
the borax precipitation method led to a negative result ; it would 

VOL. XCV. 3D 
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appear that under such conditions the salt would be converted 
mainly into the ammonium base form, and into a small proportion 
only of the carbinol form (Dobbie, Lander, and Tinkler, Trans., 1903, 
83, 605 ; compare Hantzsch and Kalb, Ber., 1899, 32, 3109). 

But, however this may be, it is evident that cotarnine should be 
placed among the alkaloids of high affinity value, a conclusion which 
is confirmed by the observations of Dobbie and his co-workers as to 
the difference of the amount of change produced on the hydrochlorids 
by ammonia as compared with the alkaline and alkaline earth 
hydroxides, 

The affinity values %, (about 15°), as determined by the methods 
adopted, of the naturally occurring alkaloids are put together in the 
following table (that of ammonia being introduced for the sake of 
comparison) ; in column J, the values in ascending order are given 
for mono-nitrogen bases, and those of the stronger grouping of the 
di-nitrogen bases ; in column J, the values of the weaker grouping of 
the latter. The wide difference between the WV, and WV, values is very 
remarkable, and illustrates the difficulty of obtaining salts of the 
general type B,2HCI. 


Name. 


Aconitine 
Narcotine 
Papaverine 
Hydrastine 
Pilocarpine 
Strychnine 
Cinchonine 
Quinine 
Quinidine 
Cinchonidine 
Cocaine 
Gelsemine 
Emetine 
Ammonia 
Brucine 
Sparteine 
rectal ee eeereete 


© 


eoe°9 
22 & 
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bd “1S 0 
oo 


“10 D> > 
NAH wb 


nil 
2°52 10-1 


Summarye 


(i) Determinations are given of the affinity values of some of the 
important alkaloids by the methyl-orange method, as described in 
former communications and the borax precipitation method, only put 
forward as giving approximate results for cases in which the 
insolubility and high affinity value preclude the application of the 
electric conductivity and ester catalysis methods. 

(ii) It is shown that the affinity values of only a few alkaloids, 
mainly those derived from opium, are less than 1 10’, those of the 
greater number are between the limits of 1 10-7 and 3 10-® (value of 
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ammonia), and lastly, only a few have a value higher than the last 
figure, and hence may be classed with the tetra-alkylammonium 
hydroxides. Possibly some further information as to the last class 
night be obtained by a study of the relative absorptive power of 
carbon dioxide. 

(iii) It appears in most cases that when alkaloids consist of two 
conjoint residues, which, if considered each by itself, would give 
affinity values of a widely different order, such as piperidine or beuzyl- 
amine, on the one hand, and quinoliae or pyrrolidine, on the other, the 
stronger residue is modified by the presence of the weaker. It seems 
to be immaterial whether each residue contains a nitrogen atom (case 
of cinchona alkaloids) or whether a nitrogen atom is common to both 
(cases of tropine, papaverine, narcotiue, etc.). 

(iv) The affinity values of certain mono- and di-nitrogen alkaloids, 
as determined by the methods applied, are collected together in a 
table for the sake of comparison. 


I have again to express my obligations to the Research Fund 
Committee of the Chemical Society for a grant for purchase of 
materials, and also to Messrs. Burroughs Wellcome & Co., for kindly 
supplying me with certain samples of alkaloids and their salts for the 
purpose of this investigation. 


LXXXVIUI.—Diazohydroxylamino-compounds and the 
Influence of Substituting Groups on the Stability 
of their Molecules. 


By Norman Lesiig GEBHARD and Hersert Bayan THompson. 


Tae action of B-arylhydroxylamines on diazonium salts has formed 
the subject of several papers (compare Bamberger, Ber., 1896, 29, 
103; 1897, 30, 2280). When such a hydroxylamine (or a B-alkyl- 
hydroxylamine, Ber., 1897, 30, 2282) reacis with a diazonium salt 
under favourable conditions, a reaction takes place according to the 
following equation : 
Ar-NH:OH + CIN,’R= Ar-N(OH):N:N-R+ HCl, 
and a diazohydroxylamino-compound is formed (for other literature on 
this subject compare Walther, J. pr. Chem., 1895, [ii], 52, 144; 
Barr, Ber., 1887, 20, 1497; O. Fischer and Wacker, Ber., 1888, 21, 
2609 ; 1889, 22, 622; Bamberger and Landsteiuer, Ber., 1893, 26, 
483). These diazohydroxylamino-compounds differ in several respects 
3D 2 
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from the closely related diazoamines, chiefly in their behaviour 
towards reagents, for whilst the compound formed by the interaction 
of an amine and a diazonium salt reacts as if it existed in two tauto- 
meric forms, a similar phenomenon is not ‘shown by the substance 
resulting from a hydroxylamine and a diazonium salt ; thus the two 
forms : 

R:NH-N:N’R, and R:-N:N:NH-R, 
are identical, and the imino-hydrogen atom is looked upon as being 
“mobile” (Meldola and Streatfeild, Trans,, 1887, 51, 102, 434; 1898, 
53, 664; 1889, 55, 412; 1890, 57, 785). On the other hand, the 
two forms : 

R-N(OH):N:N-R, and R-N:N-N(OH)*‘R, 

are quite distinct (Bamberger, Ber., 1896, 29, 104). 

Only a limited number of these diazohydroxylamino-compounds 
have been described, so that the preparation of a further number was 
of interest; at the same time the object of the research was widened 
considerably by the attempt to select such compounds as might lead 
to the determination of the influence of the various substituting groups 
on the general stability of the molecule. 

Two methods are possible for carrying out this idea: 

(1) By using the same f-arylhydroxylamine throughout all the 
experiments and acting on it with differently substituted diazonium 
salts, and 

(2) By using the same diazonium salt throughout and acting on it 
with differently substituted B-arylhydroxylamines. : 

The former method has been adopted in the present paper, which 
deals only with those diazohydroxylamino-compounds resulting from 
the action of differently substituted :diazonium salts on the same 
f-arylhydroxylamine (compare Bamberger and Rising, Annalen, 1901, 
316, 257). The hydroxylamine chosen as typical of its class was 
p-tolylhydroxylamine (compare D’Orsa, Diss. Wiesbaden, 1896), chiefly 
by reason of its ease of preparation. 

The parent substance to be considered is benzenediazohydroxyl- 
amino-p-toluene, 

C,H,"N:N-N(OH)-C,H,Me, 
obtained by the action of p-tolylhydroxylamine on benzenediazonium 
chloride; all the other substances described may be regarded as 
substitution products of this. Only mono-substituted derivatives have 
been considered, and those substituting groups only chosen which are 
commonly met with, namely: methyl, nitro-, bromo-, hydroxyl, 
sulphonic acid, and carbethoxy] groups. 

Primarily, only the ortho-substituted compounds were prepared, and 
attempts were made to determine the influence of the substituting 
group on the power of reactivity of the diazonium salt from con- 
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siderations of the various yields obtained (Bamberger and Rising 
loc, cit.) ; this method was found to be untrustworthy ; first, because 
of the immense difficulty in keeping the conditions of the experiment 
identical for all combinations, and secondly, because of the presence 
(ue to secondary reactions) of substances other than the diazo- 
hydroxylamino-compounds, which might or might not influence the 
velocity of the various reactions. For these reasons, then, the pro- 
cedure of Bamberger and Rising (Joc. cit.) was not adopted. The 
best method of preparation for each individual diazohydroxylamino- 
compound was worked out, and the substances were obtained in the 
pure state in as good a yield as possible, The real influence of the 
substituting groups was then determined from experiments on the 
decomposition of the pure substances by specified means, and not from 
observations of the rate of formation of the compound in question. 
In this way the influence (if any) of any by-products formed during 
their preparation was entirely eliminated. The scope of the work 
was further increased by the inclusion of the other isomerides contain- 
ing substituting groups in the para- and meta-positions respectively. 
The results of work on the decomposition of the various compounds 
described in this paper will form the subject of a future communica- 


tion. 


Preparation of the Diazohydroxylamino-compounds. 


The method made use of in each case consisted in the addition of a 
solution of p-tolylhydroxylamine in 90 per cent. alechol, and cooled to 
about — 5° to a similarly cooled solution of the diazonium salt in water, 
the proportions of the reacting substances being those demanded by 
their equation of formation. The concentration in each case was kept 
as near as possible the same. Considerable difficulty was initially 
experienced in preventing the reaction from proceeding in other than 
the desired direction, the two most important factors affecting this 
being temperature and concentration. Increase of temperature and 
diminution of concentration both appeared to increase the reducing 
properties of the hydroxylamine, which generally caused nitrogen to 
be evolved and p-azoxytoluene to be formed. This decomposition may 
be formulated thus : 

CH,°C,H,-NH-OH —_—_> CH,°C,H,-NO 
p-Tolylhydroxylamine, p-Nitrosotoluene. 
On acting as a 
reducing agent 
with another molecule of 
v4 unchanged hydroxylamine. 
A 
CH,°C,H,;-N—N:C,H,°CH, 
2 
O 
p-Azoxytoluene, 
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The experiments on the effect of temperature and concentration were 
carried out initially in the preparation of o-carbethoxybenzenediazo- 
hydroxylamino-p-toluene, and from the results obtained it was found 
possible to prepare all the subsequent substances quite easily and 
without the formation of by-products in any quantity. 

Attempts to prepare hydroxy- and sulphonic acid derivatives were 
not attended by success. In the case of the phenols, all efforts to 
effect a direct coupling failed, a large amount of p-azoxytoluene only 
resulting (compare the experience of A. Wohl, Ber., 1903, 36, 4143, 
on the production of similarly substituted diazoamino-compounds, 
who accounts for their non-formation on theoretical grounds). Regard. 
ing the sulphonic acid derivatives, many direct coupling experiments 
were tried, but owing to the poorness of the yields and the extreme 
difficulty found in purifying the products, further work in this 
direction was abandoned. 


General Properties of the Diazohydroxylamino-compounds, 


All the compounds prepared by us are finely crystalline solids, show- 
ing a tendency to become darker in colour on exposure to light, a fact 
particularly noticeable in the case of the more unstable ones: the 
unsubstituted benzenediazohydroxylamino-p-toluene and its methy! 
substituted derivatives coming first in this category, whilst the more 
stable ones, the nitro-derivatives, for example, can be exposed to light 
and the atmosphere for an indefinite period without any deep-seated 
change taking place. Almost all are of a faint yellow colour, which is 
intensified only on the entrance of a chromogenic group, for instance, 
the nitro-group into their molecule, and here is to be observed, too, the 
fact that, of the three different nitro-substitution products prepared, 
the ortho-derivative is the most highly coloured, which is evidently 
occasioned by the closer proximity of the nitro- and azo-groups or the 
two chromogenic groups to one another in the ortho- than in the meta- 
and para-isomerides. The melting points should be better termed 
temperatures of decomposition, being always attended by frothing 
and gas evolution. Great care is necessary in the selection of solvents 
for the initial purification of these substances, as, when they are in the 
impure state, they are particularly easily decomposed ; in some cases 
the mere boiling of the impure substance with acetone or chloroform, 
or gentle warming with methyl alcohol, was sufficient to bring about a 
violent gas evolution ; on the other hand, when ence in the pure state 
they may be crystallised from almost any solvent with impunity. 
Generally speaking, acids have a decomposing influence (Bamberger, 
Ber., 1897, 30, 2284). The action of hot or cold aqueous hydrochloric 
acid, dilute and concentrated, is a moderately mild one : when applied 
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in an organic solvent, however, its action is far more powerful. 
Alkali hydroxides possess a slight solvent action, a faintly yellow 
glution generally ‘resulting, evidently attributable to salt formation 
owing to the presence of a hydroxyl group in the molecule. If the 
compound be initially dissolved in alcohol, the yellow coloration 
becomes more distinct on addition of alkali, and the yellow colour 
varies in depth with the substituting group contained in the molecule. 
The acidic nature of the hydroxyl group is further shown by the action 
of bases, like ammonia, methylamine, etc., which, when applied in 
absolute alcoholic solution in the cold, gradually deposit crystals of 
the salts ; weaker bases, like aniline, do not give this reaction. It is 
further found that the reducing action of the hydroxylamine has not 
entirely disappeared, for when treated in alcoholic solution with cold 
ammoniacal silver nitrate, a yellow precipitate at first results (evidently 
due to salt formation), which gradually becomes darker and darker on 
slight warming, and a silver mirror is deposited, a gas evolution taking 
place, and an odour like that of a nitroso-compound becoming evident. 
Whether any reduction takes place with Fehling’s solution is extremely 
doubtful. One of the most characteristic reactions which these com- 
pounds show is that in alcoholic solution towards ferric chloride, when 
acoloration varying from a deep bluish-black to a bright grass-green 
is obtained (compare Bamberger, Ber., 1897, 30, 2280); whilst in 
glacial acetic acid solution other colorations are almost invariably 
given with the two naphthylamines respectively. 


EXPERIMENTAL. 


p-Tolylhydroxylamine was prepared according to the directions of 
D'Orsa (Diss. Wiesbaden, 1896). On account of its tendency to 
decompose, it was found necessary in all the experiments to prepare 
the compound immediately before use, otherwise it became so impure 
that it was practically insoluble in alcohol, and the yield of the con- 
densation product prepared from it was very poor. 

The following general method of preparation of the diazohydroxyl- 
amino-compounds was uniformly adopted. The amine, dissolved in 
water and hydrochloric acid, was diazotised at about — 10°, and to it 
was slowly added with constant shaking a well-cooled solution of the 
calculated amount of p-tolylhydroxylamine in alcohol and hydrochloric 
acid. The product of the reaction was immediately precipitated, and, 
after diluting with ice-water and keeping in the freezing mixture for 
couple of hours, the liquid was filtered, the resulting solid dried on a 
porous plate, and recrystallised from suitable media until of constant 
melting point. 

Benzenediazohydroxylamino-p-toluene crystallises in short, flat 
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needles, melting and decomposing at 125°5—126° (Bamberger, Ber, 
1900, 33, 3508, gives 123-5—124°), It is sparingly soluble in alcoho] 
or light petroleum, but very readily so in benzene, ether, acetone or 
chloroform. 

The substance is decomposed by warming with concentrated hydro. 
chloric acid. A yellow turbidity is produced by adding ammoniaca] 
silver nitrate to the alcoholic solution, gentle warming causing the 
deposition of a silver mirror. Ferric chloride gives an intense 
greenish-black coloration. 

The glacial acetic acid solution gives with a-naphthylamine a faint 
pink, and with B-naphthylamine a yellow, coloration, both of which 
become deeper on warming and eventually turbid. The substance is 
readily soluble in cold concentrated sulphuric acid to a deep yellow 
solution, which turns intense green on gentle warming. 

0-Tolyldiazohydroxylamino-p-toluene, C,H,Me*N.N*N(OH)-C,H, Me, 
erystallises in pale yellow, columnar, glassy prisms with domed ends, 
and melts at 103°5°. The compound is rather unstable, particularly 
when in an impure state. It is sparingly soluble in cold methyl 
alcohol and light petroleum, more readily so in ethyl alcohol or ethyl 
acetate, and easily so in ether, chloroform or benzene; on warn- 
ing, however, it dissolves very readily in all these solvents : 


01750 gave 0°4480 CO, and 0:1040 H,O. C=69°81 ; H=6-60. 
01458 ,, 22:3cc. N, at 205° and 764mm. N=17'54. 
C,,H,,ON, requires C=69°72 ; H=6:22; N =17-43 per cent. 

On warming the substance with 2-sodium hydroxide, the solution 
turns yellow and a gas is evolved. The addition of ammoniacal silver 
nitrate to an alcoholic solution of the substance occasions a yellow 
precipitate, which rapidly darkens on warming, gas being evolved and 
a silver mirror deposited. Ferric chloride gives a deep bluish-black 
coloration, which assumes a green tinge on heating. a-Naphthyl- 
amine gives a yellow coloration, turning a deep reddish-brown on 
warming ; with B-naphthylamine the colour changes from very faint 
magenta to red. The substance is soluble in cold concentrated 
sulphuric acid to a deep green solution, and its glacial acetic acid 
solution decomposes on warming. 

m-7olyldiazohydroxylamino-p-toluene, C,H,Me*N:N-N(OH):C,H,Me, 
crystallises in long, slender, yellow prisms, the domes at the ends of 
which are sharply defined ; it melts at 136°5°. 

It is sparingly soluble in hot or cold ether or light petroleum, more 
readily so in alcohol, benzene or acetone, and very readily soinchloroform: 


0:1691 gave 0:4342 CO, and 00959 H,O. C=70-01; H=6:30. 
071351 ,, 203 c.c. N, at 18° and 756 mm. N=17-26. 
C,,H,,ON, requires C= 69°72; H=6:22; N=17-°43 per cent, 
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The substance is readily decomposed on warming with hydrochloric 
acid, both concentrated and dilute. Ammoniacal silver nitrate is 
rapidly reduced, a fine silver mirror being deposited. 

Ferric chloride produces a beautiful bluish-black coloration. 

a-Naphthylamine causes a magenta, and B-naphthylamine a yellow, 
coloration. Cold concentrated sulphuric acid dissolves the substance, 
forming a fine green solution, which turns brown on warming. 

p-Tolyldiazohydroaylamino-p-toluene, C,H,Me:N:N-N(OH)-C,E Me, 
erystallises in long, slender, canary-yellow prisms, melting at 130°5°. 
It is sparingly soluble in light petroleum, alcohol, glacial acetic acid 
or ether, dissolving more readily in acetone or chloroform : 

01950 gave 0°4960 CO, and 0°1136 H,O. C=69°44; H=6-47. 

01320 , 196 ce. N, at 16°and 757mm. N=17°26. 

C,,H,,ON, requires C= 69:72 ; H=6:22 ; N=17-43 per cent. 


The substance is rapidly decomposed by warming with hydrochloric 
acid. Ammoniacal silver nitrate is reduced with deposition of a silver 
wirror, Ferric chloride gives a greenish-blue-black coloration ; a- and 
fnaphthylamines produce magenta and deep yellow colorations 
respectively. 

o-Carbethoxybenzenediazohydroxylamino-p-toluene, 

CO, Et-C,H,°N:N-N(OH):C,H, Me. 

—This compound was the first of the series prepared in the course of 
the present investigation, and many experiments were carried out with 
the view of ascertaining the most suitable conditions of temperature 
and concentration. The former is apparently a most important 
factor, since, at a temperature of about 10°, the hydroxylamine exerts 
areducing action on the diazo-compound, and is thereby oxidised to 
pazoxytoluene, very little, if any, of the diazohydroxylamino-com- 
pound being formed. 

On carrying out the experiment, however, at — 5°, the diazohydroxy]- 
amino-compound was obtained in long, slender, pale yellow prisms 
melting at 122°5°. It is sparingly soluble in cold light petroleum or 
alcohol, more readily so in ether, and very easily so in benzene, chloro- 
form or acetone : 

01362 gave 03178 CO, and 0:0720 H,O. C=64:31; H=5°87 

01764 ,, 21'3c.c. N, at 13° and 748mm. N-=14-02. 

C,,H,,0,N, requires C = 64:21 ; H=5-69 ; N=14-05 per cent. 

Hydrochloric acid is apparently without action on the substance, and 
ammoniacal silver nitrate is only reduced to a very slight extent even 
on boiling. Ferric chloride gives a dark greenish-blue coloration, 
whilst a-naphthylamine produces a pink, and #-naphthylamine a red, 
colour. Concentrated sulphuric acid dissolves the substance jin the 
cold to a deep yellow solution. 
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m-Carbethoxybenzenediazohydroxylamino-p-toluene, 
CO, Et’C,H,*N:N-N(OH)-C,H,Me. 
—This compound is almost identical in appearance with the corre. 
sponding ortho-derivative, and melts at 149—150°. It is sparingly 
soluble in all the common organic solvents with the exception of 
chloroform ; on warming, it dissolves readily in glacial acetic acid, 
benzene or alcohol : 
0°1395 gave 03289 CO, and 0:0711 H,O. C=64°30; H=5°66. 
01239 ,, 15:7 ec. N, at 21° and 756 mm. N=14°35. 
C,,H,,0,N, requires C = 64:21; H=5°69 ; N=14-05 per cent, 
—The substance is decomposed by warming with dilute hydrochloric 
acid, and ammoniacal silver nitrate suffers reduction in the cold, 
a faint silver mirror being formed on warming. Ferric chloride 
produces a fine blue coloration, and a- and B-naphthylamines give pink 
and yellow ones respectively. The substance undergoes decomposition 
on warming with alkalis. 
p-Carbethoxybenzenediazohydroxylamino-p-toluene, 
CO, Et-C,H,-N:N:N(OH)-C,H,Me. 
—This compound erystallises in canary-yellow, long, slender, hair-like 
needles with glistening, silky lustre, and melts at 144—145° It is 
very sparingly soluble in light petroleum, more readily so in alcohol or 
ether, and very easily so in chloroform, benzene or ethyl acetate : 
0°1494 gave 0°3497 CO, and 00771 H,O. C=63°83 ; H=5°73. 
01543 ,, 198cc. N, at 25° and 767 mm. N=14-45. 
C,,H,,0,N, requires C= 64:21 ; H=5°69; N=14-05 per cent. 
—Hydrochlorie acid is without action on the substance, and ammoniacal 
silver nitrate shows only a trace of reduction even on boiling. Ferric 
chloride gives a blackish-green precipitate, and a-naphthylamine 
produces a pink, and B-naphthylamine a yellow, coloration. The 
substance is readily soluble in cold concentrated sulphuric acid. 
o- Nitrobenzenediazohydroxylamino-p-toluene, 
NO,°C,H,*N:N-N(OH)-C,H,Me, 
was obtained as a brilliant, golden-orange-coloured substance, crystal- 
lising in fine, apparently monoclinic, plates melting at 173—173°5. 
It is very sparingly soluble in ether or light petroleum, more readily 
so in alcohol, acetone, benzene or glacial acetic acid, and dissolves 
easily in chloroform : 
0:1583 gave 0°3319 CO, and 0:0659 H,O. C=57:19; H=4'62. 
01320 ,, 23:2cc. N,at 11° and 743 mm. N=20°48. 
C,,H,,0,N, requires C=57°34; H=4-41 ; N= 20-58 per cent. 
The substance is unacted on by hydrochloric acid, but ammoniacal 
silver nitrate suffers reduction slowly on heating. Ferrie chloride 
produces a greenish-yellow coloration, tuning brown on warming, 
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The naphthylamines give no colour reaction in the cold, but, on 
warming, @ very deep red is produced in both cases. On warming with 
alkalis, a deep red coloration is obtained, which on the addition of 
sicohol becomes a very deep crimson. The sulphuric acid solution 
possesses a deep red colour. 

m- Nits obenzenediazohydroxylamino-p-toluene, 

NO,-C,H,°N:N-N(OH):C,H, Me, 
erystallises in long, slender, sharply pointed, bright yellow needles 
melting at 184°, much resembling masses of thorns in their manner of 
grouping. 

In the cold it is very sparingly soluble in the common organic 
solvents; on warming, however, it dissolves rather more readily in 
glacial acetic acid, benzene, toluene or chloroform : 

0:1377 gave 0°2880 CO, and 0:0589 H,O. C=57:03 ; H=4:75. 

00925 ,, 164 cc. N, at 21° and 763 mm. N =20-28. 

C,,H,,0,N, requires C=57:34; H=4:41 ; N =20°58 per cent. 

The substance suffers slight decomposition on heating with con- 
centrated hydrochloric acid. It is questionable whether ammoniacal 
silver nitrate undergoes reduction, the yellow precipitate initially 
formed gradually turning brown on prolonged boiling. Ferrie 
chloride gives a dark green coloration, which assumes a violet tinge on 
warming. The naphthylamines produce no coloration in the cold ; on 
warming, a reddish-brown colour is developed in both cases. 

p:- Vitrobenzenediazohydroxylamino-p-toluene, 

NO,°C,H,°N:N-N(OH):C,H,Me, 
crystallises in long, sharply pointed, bright yellow needles and melts 
at 188°, the melting-point being, however, rather dependent on the 
rate of heating. It is very sparingly soluble in the cold in the usual 
organic solvents, but dissolves fairly readily on warming in chloroform, 
glacial acetic acid or benzene : 

0'1567 gave 0°3282 CO, and 0:0625 H,O. C=57:15; H=4-43. 

00954 ,, 17lee. N, at 22°and 766 mm. N=2048. 

C,,H,,0,N, requires C=57:34; H=4'41 ; N = 20°58 per cent. 

Hydrochloric acid has no action on the substance, and ammoniacal 
silver nitrite produces a bright scarlet precipitate, permanent on 
boiling. The naphthylamines give no coloration even on warming, 
but ferric chloride gives a sage-green coloration, which turns brown on 
heating. On warming with alkalis, the solution becomes pink and 
eventually dark red, almost chocolate. 

0-Bromobenzenediazohydroxylamino-p-toluene, 

C,H, Br-N:N:N(OH):C,H Me. 
—0-Bromoaniline was prepared by the reduction of the corresponding 
uitro-compound according to Fittig and Mager’s method (Ber., 1874, 
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7, 1175). A departure from this method was, however, made in order 
to isolate the pure substance, dry hydrogen chloride being passed into 
the dry ethereal solution of the amine, whereby its hydrochloride was 
precipitated as a pure white solid in an almost theoretical yield. : 

The diazohydroxylamino-compound crystallises in slender, faintly 
yellow needles melting at 92°. It is very readily soluble in all the 
common organic solvents with the ‘exception of alcohol and light 
petroleum, in which it dissolves rather more sparingly : 


0°1455 gave 18:1 cc. N, at 14° and 729 mm. N=14:03. 
01279 ,, 00780 AgBr. Br=25°95. 
C,,H,,ON,Br requires N=13°73 ; Br= 26°14 per cent. 


The substance undergoes slight decomposition on heating with 
concentrated hydrochloric acid. Ammoniacal silver nitrate js 
rapidly reduced on warming. Ferric chloride gives a very intense 
green coloration, and a- and f-naphthylamines magenta and pinkish. 
yellow ones respectively. 

m-Bromobenzenediazohydroxylamino-p-toluene, 

C,H,Br-N:N-N(OH)-C,H,Me, 
crystallises in very pale yellow, long, striated needles melting at 173°. 
It is very sparingly soluble in light petroleum or glacial acetic acid, 
rather more readily so in alcohol, acetone, benzene or ether, and 
dissolves very easily in chloroform : 

0°1480 gave 17°45 c.c. N, at 13° and 758 mm. N=13°90. 

01361 ,, 0°0836 AgBr; Br= 26°14. 

C,,H,,ON,Br requires N=13°73 ; Br= 26°14 per cent. 

The substance is unaffected by hydrochloric acid, but ammoniacal 
silver nitrate gives a yellow precipitate, which darkens rapidly on 
warming. Ferric chloride gives a greenish-black coloration, but « 
and B-naphthylamines are without action in the cold, although, on 
warming, rose-pink and pale yellow colorations are produced, which 
ultimately become turbid. 

p-Bromobenzenediazohydroxylamino-p-toluene, 

C,H,Br-N:N-N(OH):-C,H,Me, 
erystallises in fine hair-like, pale yellow needles ‘melting at 162°. It 
is very sparingly soluble in light petroleum, alcohol, ether or glacial 
acetic acid, more readily so in benzene or acetone, and very easily in 
chloroform : 


0°1536 gave 18:1 c.c. N, at 13° and 763 mm. N=13°98. 
01868 ,, 01153 AgBr. Br=26-26. 
C,,;H,,ON,Br requires N=13°73; Br=26°14 per cent. 
Hydrochloric acid is without action on the substance, but ammoni- 
acal silver nitrate gives a yellow precipitate, which rapidly darkens 00 
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heating. Ferric chloride gives an intense bluish-black coloration; 
a-naphthylamine gives a faint pink colour, which deepens on warming, 
whilst B-naphthylamine on warming produces a pale yellow color- 


ation. 


Work on the stability of these various compounds is approaching 
completion, and will, it is hoped, form the subject of a further com- 
munication at an early date. In conclusion, the authors desire to 
express their indebtedness to the Research Fund Committee of the 
Chemical Society for a grant which has partly defrayed the expenses 
of this investigation. 

CHEMICAL LABORATORY, 
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LXXXIX.—Kaperiments on the Walden Inversion. 
Part II. The’ Interconversion of the Optically 
Active Mandelic Acids. 


By Avex. McKenzie and Groree WiLLIAM CLoucE. 


Ina former paper (Trans., 1908, 93, 811) the authors described a 
number of experiments bearing on the displacement of chlorine in 
Lphenylchloroacetic acid, C,H,-CHCl‘CO,H, by the hydroxy- and 
methoxy-groups. This acid provided an opportunity of investigating 
a special case of the Walden inversion which had not previously been 
examined, namely, that of an acid where the halogen is displaced with 
great readiness and where the large amount of racemisation which 
accompanies the change is very likely a consequence of the presence of 
the two electronegative groups, phenyl and carboxy], directly attached 
tothe asymmetric carbon atom. The action both of water and of 
aqueous sodium hydroxide on sodium /-phenylchloroacetate gave a 
mixture of r- and /-mandelic acids, where the preponderance of 7-acid was 
very great. On the other hand, the action of water on silver /-pheny]- 
chloroacetate and the action of silver carbonate on /-phenylchloroacetic 
acid in the presence of water gave a mixture of 7- and d-mandelic acids, 
the racemisation in this case being less pronounced than in the dis- 
placement with the sodium salt, It is thus possible to bring about 
the interconversion of the enantiomorphously related mandelic acids 
and to effect the cycle: 
d-C,H,-CH(OH):CO,H @ NH) ¢-C,H,-CHCl-CO,H 


J, (oy Pel f cy Por 
LC,H,CHOCICO,H OY N80) 1-.C,H,-CH(OH)-CO,H. 
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In the present state of our knowledge of the Walden inversion, it 
cannot be said with certainty at which of these stages the change of 
configuration occurs. At the time of the discovery of the inter. 
conversion of the malic acids, the view had been expressed by several 
chemists that a change of configuration takes place in the transforma. 
tion of active malic acid into active chlorosuccinic acid by phosphorus 
pentachloride, the chloro-acid rotating the plane of polarisation in the 
opposite sense to the particular malic acid used. Walden himself, 
however, came to the conclusion that in all probability phosphorus 
pentachloride acts normally. If it is assumed in the case studied by 
the authors that the action of phosphorus peutachloride is normal, then 
the action of sodium hydroxide must be taken as abnormal, and the 
inversion occurs in the displacement of chlorine. One is dealing here 
with a type of reaction differing in mechanism from that of the type 
investigated by Walden, who regards the action of sodium hydroxide 
as normal, since he can effect the following changes, for example: 

1, (H(OH)-CO,H ee. (HCI-CO,H 
CH,°CO,H tynao)  OH,*CO,H 

The view that the action of phosphorus pentachloride on the active 
mandelic acids is probably normal receives some slight support by 
analogy with a number of observations made by E. Fischer. Of the 
reagents used in connexion with the chemistry of the Walden inversion, 
nitrosyl chloride and bromide are particularly prone to act abnormally 
when an amino-acid is aéted on by them. It seems, however, 
that the action is normal where the ester of an amino-acid is concerned. 
d-Alanine, for example, is converted into /-bromopropionic acid by 
nitrosy] bromide, whilst ethyl d-alanine gives ethyl d-bromopropionate. 
A similar effect has been observed by Fischer with silver oxide, 
which does not always act abnormally, but does so in certain cases, 
where the presence of a carboxyl group apparently favours the 
inversion. Now when phosphorus pentachloride acts on d-mandelic 
acid, the /-chloro-acid is formed ; when phosphorus pentachloride acts 
on ethyl d-mandelate, ethyl J-phenylchloroacetate is formed. Both 
these actions would thus seem to be normal. 

Walden regarded the action of silver oxide in his experiments a 
abnormal. In the case studied by the authors, however, the parent 
active mandelic acid is regeverated by the action of silver carbonate 


and water, thus: 
(by PCls5) 
d-C,H,;CH(OH)-CO,H 27 U-C,H,*CHCI-CO,H. 
(by AgeCO3) 
Two interpretations are possible here: (1) both phosphorus penta 
chloride and silver carbonate act abnormally, a double Walden 


inversion taking place, and (2) both phosphorus pentachloride and 
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silver carbonate act normally. We are inclined to take the latter 
view, although it must be borne in mind that E. Fischer and Scheibler 
(Ber, 1908, 41, 889, 2891) have recently submitted evidence from 
which it appears that a double Walden inversion takes place in certain 
changes undergone by the optically active a-aminozsovaleric acids. 

Since the behaviour of /-phenylchloroacetic acid towards water, 
sodium hydroxide, and silver carbonate respectively is so different from 
that of the active halogen succinic acids studied by Walden, it was 
decided to investigate the action of water and of bases on several 
of its salts. Walden’s results (Ber., 1899, 32, 1833) may be quoted 
here for comparison : 


Active halogen-succinic acid. 3 Malic acid. 


I. 7-Chlorosuccinic acid ...... y, l-Malic acid,* [a], about - 460° 
1-Bromosuccinic ' — 212 
— 203 
—172 
- - 130 
99 -— 125 
II. 3 20: a-Malic + § 
IIL. 7-Chlorosuccinic d-Malic +440 
+425 
+460 
rr +330 
1-Bromosuccinic Cd(OH), +361 
l-Chlorosuccinic Ba(OH), +170 
Pb(OH), +170 
NaOH +150 
Sn(OH), : +133 
LiOH ; +100 


9 


39 


* The rotation was intensified in each case by the uranyl nitrate reagent. 


The variation in the rotation of the malic acid formed by the 
different bases is largely due, as Walden suggests, to the experimental 
conditions being different for each individual base used, so that the 
ative malic acid is nearly always mixed with the 7-form, the amount 
of the latter varying within large limits, The displacement of 
halogen is brought about by two agents, base and water, which, in 
Class I, act in the same direction to give a malic acid of the same 
sign as that of the halogen-succinic acid used ; in Class IL the effect of 
water neutralises that of the thallium oxide, .whereas in Class ILL 
the effects of water and base are opposed to one another. 

In the experiments formerly described (Joc. cit.) on the action of 
water on /-phenylchloroacetic acid, the product was r-mandelic acid, but 
it was suggested that possibly a small amount of active acid might be 
obtained together with the r-acid by variation of the experimental 
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conditions. We now find that a little /-mandelic acid can be obtained 
from the /-chloro-acid by means of water, which apparently has 
the same effect as it had in Walden’s experiments in causing an 
inversion. 

The following results were obtained : 
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The feature throughout was the large amount of racemisation which 
accompanied the displacement of halogen. The metals which behave 
like silver are those which are high in the electromotive series 
Platinum is an apparent exception. In the action of platinic 
hydroxide on the /-chloro-acid, however, the preponderating influence 
is undoubtedly the action of water on the /-acid, which gives a slightly 
levorotatory mandelic acid mixture. It is quite possible, however 
that the action of water on the platinum /-salt gives a dextrorotatory 
mandelic acid mixture, and if this is the case, the effect is counter 
acted by the preponderance of the J-acid formed by the action o 
water on the /-chloro-acid. For the same reason, the examination d 
the action of the copper oxides and of antimony trioxide was unsatis 
factory, inasmuch as two actions were in progress simultaneously; 
namely, the action of water on the free acid and the action of wate 
on the salt. We do not, therefore, attach much weight to the result 
obtained in those four cases. 
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It will be observed that the behaviour of the thallium salt is 
similar to that of the salts of the alkalis, whereas in Walden’s 
experiments thallium hydroxide behaved like silver oxide. 

About the same time as the publication of our first paper on the 
Walden inversion, E. Fischer and Weichhold (Ber., 1908, 41, 1286) 
described the resolution of phenylaminoacetic acid, 

C,H,°CH(NH,)-CO,H, 

into its optically active components. The active amino-acids were studied 
with respect to the action of nitrous acid and of nitrosyl bromide on 
them. The d-amino-acid was converted into r-mandelic acid by means 
of nitrous acid, whilst nitrosyl bromide also caused a large amount of 
racemisation. The conclusion was drawn that, in the elimination of the 
amino-group from the active phenylaminoacetic acids, there is a great 
tendency to racemisation, and that the study of the Walden inversion 
in this particular case is accompanied with special difficulties on this 
account. Since we had already obtained the d- and /-phenylchloro- 
acetic acids, the study of the displacement of chlorine in these acids by 
the amino-group was under consideration, and we are accordingly 
indebted to the courtesy of Geheimrat Professor Fischer, who agreed 
to our continuing our work in this direction. 

It was found that a change of sign of rotation takes place when the 
chlorine is displaced by the amino-group. Further, the interconver- 
sion of the mandelic acids can be effected by a method different from 
that described previously, thus : 


d-0,H,-CH(OH)-CO,H CY #N® 1.C,H,-CH(NH,)-CO,H 


| (by PCls) ‘7 (by NH,OH) 
1.C,H,-CHCI-CO,H d-C,H,*CHCI-CO,H 
y (by NH,OH) + (by PCI;) 


d-0,H,*CH(NH,)°CO,H (Y HNO 1-C,H,-CH(OH)-CO,H. 


The striking feature in each case is the large amount of racemisation 
vhich always occurs. 

The formation of the amino- from the chloro-acid takes place readily 
by means of concentrated aqueous ammonia, a certain amount of 
tive mandelic acid being formed at the same time. It is possible to 
wry out the conversion of the active phenylaminoacetic acids into 
mandelic acids by means of nitrous acid in such a manner that 
te racemisation is not complete, and it will be seen from the 
bove scheme that the action is accompanied with a change of sign of 
otation, 

In the conversion of an active mandelic acid into its enantio- 
uorphous form in the manner indicated, it is exceedingly improbable 
tat a Walden inversion takes place at each of the three stages. The 
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other alternative is that one of the three reagents, phosphorus pent. 
chloride, ammonia, and nitrous acid, acts abnormally. We express the 
view with reserve, that the inversion takes place by means of the 
ammonia, whilst phosphorus pentachloride and nitrous acid ag 
normally. Fischer and Scheibler (/oe. cit.) have already studied g 
case where ammonia seems to act abnormally. When d-valine js 
acted on by nitrosyl bromide, it forms /-bromoisovaleric acid, from which 
by the action of ammonia the original d-valine is regenerated. Nowif 
the behaviour of d-valine was similar to that of other a-amino-acids, 
l-valine would be formed by the successive action of nitrosyl bromide 
and ammonia. Fischer and Scheibler quote a number of observations 
which render it probable that a double Walden inversion took place, 
that is, that both nitrosyl bromide and ammonia acted abnormally, 

The displacement of the amino-group in the active phenylamino- 
acetic acids by halogen was also examined, and the observation of 
Fischer and Weichhold (Zoc. cit.), that a large amount of racemisation 
takes place, was confirmed. Some active halogen acid is, however, 
produced, and this is opposite in sign of rotation to the amino-acid 
used. From /-phenylaminoacetic acid, for example, a dextrorotatory 
mandelic acid mixture may be obtained : 


1-C,H,*CH(NH,)-CO,H 
+ (by NOBr) 


d-C,H,CHBr-CO,H > d-C;H,*CH(OH):CO,H. 


(by water) 
Assuming that the behaviour of phenylbromoacetic acid towards 
ammonia is similar to that of the chloro-acid, the following changes 
are thus possible : 
(by NH,OH) 
d-C,H,-CHBr-CO,H eamacnes: -C,H,"CH(NH,)*CO,H. 
(by NOBr) 

It thus appears that the parent active amino-acid can be regenerated 
by the successive action of nitrosyl bromide and ammonia, a0 
anomalous behaviour which has been observed only with the active 
valines. Since it is well known that nitrosyl bromide acts abnormally 
on amino-acids, we think it likely that both ammonia and nitrosyl 
bromide act abnormally in this transformation, in other words, that 
a double Walden inversion takes place. 


EXPERIMENTAL, 
Preparation of d-Phenylchloroacetic Acid. 


The /-phenylchloroacetic acid used in the subsequent experiments 
was prepared as previously described (loc. cit.). 
In the course of a series of experiments, conducted with the object 
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of obtaining the d-acid, the following observations were made. 
When an ethyl-alcoholic solution of the r-acid was half neutralised with 
morphine, and the crop which separated on cooling was decomposed in 
order to remove the morphine, the resulting acid was generally found 
to be dextrorotatory, but it was occasionally levorotatory. From 
a large number of separate experiments, acids of very varying specific 
rotations in benzene solution were obtained by decomposition of the 
crystals which separated in each case ; the following are some of the 
figures: +3°, +4°3°, +14°7°, +18°, +114°, +159°, +117°, + 168°, 
+169°, + 164°, — 9°, —112-9°, — 149°, ete. 

Since this behaviour affords a very striking example of the influence 
of temperature and rate of crystallisation on the resolution of a 
racemic acid, a few details may be given. +r-Phenylchloroacetic acid 
(5 grams, 2 mols.) was dissolved in ethyl alcohol (25 c.c.) and 
morphine (4°5 grams, 1 mol.) was added. The mixture was heated on 
the water-bath, and the morphine all dissolved before boiling started. 
The liquid was poured into a beaker surrounded by water at 22°, and 
stirred vigorously for five-minutes, during which time crystallisation 
took place. The crystals were drained off and amounted to 2:4 grams. 
After treatment with sodium carbonate, 1°5 grams of morphine were 
recovered, and this is the amount calculated on the assumption that 
the salt is composed of 1 mol. of acid and 1 mol. of base. The acid 
obtained (0°8 gram) was dextrorotatory, giving the following value in 
benzene solution : 


1=2, ¢=3°725, ay +8°73°, [a]p +117°2°. 


In a second experiment, the solution, prepared as before from 
5 grams of acid, 25 c.c. of ethyl alcohol, and 4°5 grams of morphine, 
was surrounded by ice-cold water and not stirred. No crystallisation 
had set in after thirty minutes. The solution was maintained at 
about 0° for eight hours longer, by which time crystals had separated. 
These amounted to 2°] grams, a little less than in the experiment 
already quoted. On being decomposed as before, the morphine salt 
gave 0'7 gram of acid, which was,’ however, /aevorotatory, giving the 
following value in benzene solution: 7=2, c=2'99, a, —8°90°, 
[a], - 148°8°. These two experiments were then repeated, and acids 
of the specific rotations +139°1° and -—112:9° respectively were 
obtained. The experimental conditions were very similar to those 
adopted previously. 

It will thus be seen that conditions can be chosen whereby either a 
dextrorotatory or a levorotatory phenylchloroacetic acid is obtained 
irom the crop which separates from a solution of morphine salt made 
up as described. 

Since the immediate object of these experiments was to devisea method 
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for preparing the d-acid, we have not continued the work far enough 
to enable a satisfactory interpretation of this behaviour to be given, 
Meyerhoffer has pointed out (Ber., 1904, 37, 2604) that a partially 
racemic salt is comparable with a double salt in that it possesses three 
temperature intervals on crystallisation : (a) the single salt interval, 
where the more sparingly soluble single salt crystallises out first, 
whilst both single salts separate on further crystallisation ; (5) the 
transition interval, where the more sparingly soluble single salt 
crystallises out, whilst the partially racemic salt separates as the 
crystallisation proceeds, and (c) the double salt interval, where only 
the partially racemic salt separates. A resolution of an acid by the 
alkaloidal method is possible only in cases (a) and (6). If this analogy 
given by Meyerhoffer is borne in mind, it is likely that an adequate 
explanation of the preceding observations could be provided by a 
study of the solubility curves of the various morphine salts of the 
isomeric phenylchloroacetic acids between 0° and 20°. 

In some experiments the crystallisation was started from the 
solution above 20°, and the product then transferred to an ice-chest at 
8°. The crystals which separated gave on decomposition an acid 
which was only slightly dextrorotatory. From 10 grams of r-acid, 
100 c.c. of ethyl alcohol, and 8-9 grams of morphine, the yield of salt 
was 7°5 grams, and the resulting acid gave [a], +14°7° in benzene 
solution. In another experiment under similar conditions the acid 
obtained had [a], + 3° in benzene solution. 

In another experiment, the crystallisation was conducted slowly at 
25°. The solution obtained from 10 grams of r-acid, 8°9 grams of 
morphine, and 50 c.c. of ethyl alcohol was placed in a thermostat at 25°. 
After two hours, there was no appearance of crystallisation. Next 
day 6°8 grams of glassy crystals were separated, and the acid prepared 
from this amount was levorotatory, giving [a], -—9° in benzene 
solution. The filtrate gave an acid with [a], +10-9°. 

The resolution apparently proceeds differently where methyl] alcohol 
is substituted for ethyl alcohol, and when half the calculated amount of 
morphine is used as before. Thus the solution obtained from 10 grams 
of r-acid, 8-9 grams of morphine, and 100 c.c. of methyl alcohol was 
placed, when warm, in an ice-chest at 8°. Crystallisation began after 
forty-five minutes. Next day the crystals were removed. They 
amounted to 10-3 grams, and the acid prepared from them was levo- 
rotatory, giving [a], —130°1° in benzene solution. The filtrate was 
also examined, and the acid prepared from it had [a], +71°8°. In 
another experiment where the same quantity of material was used, the 
crystallisation began before the solution was quite cold and was 
conducted at 18°. 9-2 Grams of morphine salt were obtained in this 
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case, and the acid had [a], — 123°, whilst the mother liquor gave an 
acid with [a], +55°. 

The pure d-acid can be prepared by two methods, as exemplified in 
the following experiments. 

I. The solution obtained from the r-acid (50 grams, 1 mol.), 
morphine (85 grams, 1 mol.), and methyl alcohol (250 c.c.) was allowed 
to crystallise at 8—J0°. After twenty-four hours, the crystals 
(85 grams) were separated and manipulated as previously described 
(loc. cit.) to obtain the /-acid. The mother liquor was allowed to 
evaporate spontaneously, and the residue treated with sodium 
carbonate in the usual manner. The acid obtained (17 grams) had 
[a]p +111° for c=3°75 in benzene solution. It was dissolved in 
50 c.c. of ethyl alcohol, and morphine (14 grams) added in amount 
necessary for half neutralisation. The mixture was heated until the 
morphine dissolved, and was then surrounded by water at 22°; it was 
stirred for five minutes to start the crystallisation, and then allowed to 
remain at 22° for ten minutes longer. The crop which separated 
amounted to 10 grams, and from it there were obtained 3 grams of 
acid which was nearly pure, giving [a], +188°5° for c=3-746 in 
benzene solution. After one crystallisation from low-boiling light 
petroleum the acid is pure. 

II. It has already been shown that when the r-acid is half neutral- 
ised by morphine in ethyl-alcoholic solution the morphine salt which 
separates gives a very active acid if the crystallisation is conducted 
with stirring at 22°. But the acid mixture was not sufficiently active 
to enable the separation of the pure acid from this mixture by 
crystallisation with light petroleum to be practical. For this purpose 
it is necessary to obtain an acid mixture with an activity of at least 
[a], 140° in benzene solution. The following method gave the result 
desired : 

The r-acid (10 grams) was dissolved in 100 c.c. of ethyl alcohol 
and morphine (9 grams) added. The mixture was warmed until the 
solution of the morphine was complete. Crystallisation began when 
the solution was cooling. The mixture was maintained at 16—18° 
for twenty-four hours. The crystals which separated amounted 
to 7 grams, and from them 2°3 grams of aeid with the rotation 
[a], +164°3° for c=1°57 in benzene solution were obtained. The 
pure acid was obtained after two crystallisations from low-boiling 
light petroleum. 

d-Phenylchloroacetic acid, C,H,*CHCI-CO,H, like the /-acid, melts at 
60—61°. On analysis : 


Found, Cl=20°8. O,H,O,Cl requires Cl = 20°8 per cent. 
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Its rotation was determined in benzene solution : 

T=1, c=1°935, af +3°70°, [a]f +191-2°. 
The value previously obtained for the /-acid was [a] -191° for 
c= 3'345 in benzene solution. 


It may be mentioned that the /-acid underwent no appreciable auto- 
racemisation in the course of one and a-half years, during which time 
it was preserved in a stoppered tube in the dark (compare Walden, 
Ber., 1898, 31, 1416). 


Conversion of 1-Phenylchloroacetic Acid into a Mixture of r- and }- 
Mandelic Acids. 


The displacement of halogen in /-phenylchloroacetic acid was con- 
ducted under a variety of conditions, and was complete in each case, 
The active mandelic acid mixtures obtained were examined in ethyl- 
alccholic solution. 

Action of Water on |-Phenylchloroacetic Acid.—It had previously been 
observed that the complete displacement of halogen in /-phenylchloro- 
acetic acid takes place with great readiness at 100°, but the resulting 
mandelic acid was found to be inactive in these experiments. A 
mixture of r- and /-mandelic acids is, however, easily obtained by the 
action of water at 25° on the /-chloro-acid, but the proportion of 
l-mandelic acid in the mixture is very small. 

The velocity of displacement of chlorine in r-phenylchloroacetic acid 
was roughly measured at 25°. The acid (0°852 gram) was dissolved 
in 100 c.c. of water by shaking in a thermostat at 25°. After three 
days, 10 c.c. of the solution required 14°9 c.c. of 0°053N aqueous 
sodium hydroxide for neutralisation ; after six days, 17-0 c.c. of alkali 
were required ; after eight days, 17°8 c.c. ; after ten days, 18°0 c.c.; 
after thirteen days, 18°3 c.c. The displacement by this time was 
nearly complete, since, on boiling the latter solution, an additional 
0°7 c.c. of alkali was required for neutralisation. 

lPhenylchloroacetic acid (0°85 gram) was accordingly dissolved in 
100 c.c. of water, and the solution maintained at 25° for twenty days, 
at the end of which time 10 c.c. required 18°5 c.c. of 0-053 aqueous 
sodium hydroxide for neutralisation. The latter solution (28°5 c.c.) 
was then heated at 100° for thirty minutes, when an additional 0°5 c.c. 
of alkali was required for neutralisation; the solution remained 
neutral after additional heating for thirty minutes. The remaining 
90 c.c. of solution were therefore heated at 100° for one hour, and the 
solution was then found to be levorotatory. The mandelic acid 
mixture (0°6 gram) extracted from it gave /=4, c=2°248, ap — 028°, 
[a], —3°1° 
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Action of Water on Potassium 1-Phenylchloroacetate.—l-Acid (0-6 
gram) ; water (10 c.c.) ; neutralised by potassium hydroxide ; solution 
(35 c.c.) at the ordinary temperature for fourteen days, then at 100° one 
hour. The resulting mandelic acid mixture (0°4 gram) had [a], — 3°8° 
for c= 1°448. 

Action of Water on Ammonium 1-Phenylchloroacetate.—l-Acid (0°5 
gram) ; water (10 c.c.); neutralised by ammonia ; solution (50 c.c.) at 
the ordinary temperature for twelve days ; concentrated to 33 c.c., 
90 cc. of which in a 4-dem. tube gave ap —0°28°. The resulting 
mandelic acid mixture gave [a], —5°0° for c= 1°2475. 

Action of Water on Lithium 1\-Phenylchloroacetate.—l-Acid (0°5 gram) ; 
water (25 c.c.); neutralised by lithium hydroxide ; solution (50 c.c.) at 
the ordinary temperature for twelve days ; boiled for thirty minutes. 
The resulting mandelic acid was levorotatory, [a], —3°3° for c 
=1'766. 

Action of Water on Rubidium 1-Phenylchloroacetate.—l-Acid (0°5 
gram) ; water (25 c.c.) ; neutralised by rubidium hydroxide ; solution 
(50 c.c.) at the ordinary temperature for twelve days ; boiled for thirty 
minutes. Solution (31 c.c.) was levorotatory, 20 c.c. of it in a 4-dem. 
tube giving ay —0°29°. The mandelic acid mixture gave [a], —3°8° 
for c= 1°7925, 

Action of Cupric Oxide on 1-Phenylchloroacetic Acid.—Freshly pre- 
cipitated cupric oxide from 0°4 gram of copper sulphate, suspended in 
water (25 ¢.c.), and added to 0°5 gram of /-acid dissolved in 25 c.c, of 
water ; at 60°, one hour ; the copper oxide dissolved ; one hour at 100°; 
dilute hydrochloric acid added ; copper removed by hydrogen sulphide. 
The resulting mandelic acid gave [a], — 3°0° for e=1°412. 

Action of Cuprous Oxide on 1-Phenylchloroacetic Acid.—Cuprous oxide, 
prepared from 5 grams of copper sulphate, added to solution of 
] gram of J-acid in 50 ¢.c. of water ; twenty-four hours at the ordinary 
temperature ; 60°, one hour ; 100°, one hour ; copper removed. Acid 
gave [a], —7°7° for c= 2°665. 

Action of Water on Barium 1-Phenylchloroacetate.—l-Acid (0°5 gram); 
water (10 ¢.c.); neutralised by aqueous barium hydroxide ; solution 
(50 cc.) at the ordinary temperature for twelve days ; concentrated to 
22 cc., which gave ap —0°5° in a 4-dem. tube. The acid gave 
[aly - 5°1° for c= 1°28. ; 

Action of Thallous Hydroxide on Thallous \-Phenylchloroacetate,— 
LAcid (0°5 gram, 1 mol.); water (25 c.c.), and 41 ¢.c. of an aqueous 
solution of thallous hydroxide (2 mols.) ; four days at the ordinary 
temperature ; 60°, one hour; 100°, thirty minutes; concentrated to 
50 ¢,c., and the mandelic acid extracted after separation of the thallous 
chloride. The specific rotation was [a], — 3°7° for c= 1°16. 

The action of water on .thallous /-phenylchloroacetate also gave a 
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similar result ; a mandelic acid mixture with [a], —5:1° for ¢=9:3] 
having been obtained. 

Action of Water on Lead \-Phenylchloroacetate.—The lead salt, prepared 
from 0°85 gram of the /-acid by the addition of lead acetate to the sodiun 
salt, shaken for one hour with 50 c.c. of cold water ; after twenty-five 
hours warmed at 40° for five hours, a preliminary experiment having 
shown that the displacement of the chlorine is complete under thes 
conditions ; lead removed by hydrogen sulphide ; the filtrate (65 ¢.¢,) 
was levorotatory, 20 c.c. of it in a 4-dem. tube giving ap —0°36°. The 
resulting mandelic acid mixture gave [a], — 5°5° for e=1°19. 

Action of Antimony Trioxide on 1-Phenylchloroacetic Acid.—l-Acid 
(0°5 gram, | mol.), dissolved in water (50 c.c.), and antimony trioxide 
(0°4 gram, } mol.) added; at the ordinary temperature for thirty 
minutes ; 60°, two hours ; 100°, one hour. Some of the antimony 
oxide had dissolved. The antimony was removed by hydrogen sulphide, 
and the mandelic acid gave [a], — 4°3° for c= 1°41. 

Action of Water on Ferric 1\-Phenylchloroacetate.—Ferric 1-salt, 
prepared from acid (0°5 gram) by the addition of ferric chloride to the 
sodium salt, added to water (100 c.c.); at the ordinary temperature 
for twenty-four hours ; 60°, five hours ; the product gave a mandelic 
mixture, which, as usual, was free from chlorine and gave [a], - 10% 
for c= 1°11. 

Action of Platinic Hydroxide on \-Phenylchloroacetic Acid.—Platinic 
hydroxide (0°4 gram) added to solution of the J-acid (1 gram) in water 
(50 c.c.); eighteen days at the ordinary temperature ; 100°, two hours, 
Practically all the platinic hydroxide dissolved during the heating, 
The platinum was removed from the yellow solution by hydrogen 
sulphide. The resulting acid gave [a], — 4°3° for c= 3°62. 

Action of Water and Sodium Carbonate on Sodium 1-Phenylehloro- 
acetate.—l-Acid (1 gram); 20 c.c. of W/1 sodium carbonate ; forty- 
five hours at the ordinary temperature ; 40°, two hours ; 100°, thirty 
minutes. The resulting mandelic acid gave [a], —7°2° for ¢e=3°77. 


Conversion of \-Phenylchloroacetic Acid into a Mixture of r- and 4- 
Mandelic Acids. 


Action of Water on Mercurie 1-Phenylchloroacetate.—Freshly 
precipitated mercuric oxide from 0°4 gram of mercuric chloride, 
suspended in water, and gradually added with shaking to 0°5 gram of 
the J-acid and 25 c.c. of water. The liquid (70 ¢.c.) was then shaken at 
the ordinary temperature for fifteen minutes until nearly all the 
oxide had dissolved ; after twenty-four hours, heated at 50° for five 
hours. The mercury was removed by hydrogen sulphide. The 
filtrate (65 c.c.) was dextrorotatory, 20 c.c. of it in a 4-dem. tube 
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giving ap +0°21°. The resulting mandelic acid mixture gave 
[a]p + 11°1° for c= 1°54. 

Action of Water on Mercurous 1-Phenylchloroacetate.—The mer- 
curous salt, prepared by the addition of aqueous mercurous nitrate to 
the sodium salt obtained from 0°5 gram of the /-acid, was shaken with 
30 c.c. of water for fifteen minutes ; after twenty-five hours, heated at 
50° five hours ; after twenty hours, the mercurous chloride was filtered 
off and washed with water. The filtrate (35 c.c.), which gave no 
precipitate on the addition of hydrochloric acid, was dextrorotatory, 
20 c.c. of it in a 4-dem. tube giving ap +1°64°. The mandelic acid 
mixture gave [a], +41°2° for c=1-05. 

Action of Palladous Hydroxide on 1-Phenylchloroacetic Acid.— 
Palladous hydroxide, obtained from palladous chloride (0°3 gram), 
was suspended in water (50 c.c.) and gradually added to a solution 
of 0°6 gram of the /-acid in 50 c.c. of water ; eighteen hours at the 
ordinary temperature; some of the palladous hydroxide had dis- 
solved. The solution was nearly complete after heating at 60° for 
fifteen minutes; maintained at 60° three hours; at 100° thirty 
minutes. The palladium was removed as sulphide, and the filtrate 
(25 c.c.) was dextrorotatory, giving ap +1°0° in a 4-dem. tube. 
The resulting mandelic acid mixture gave [a], +9°7° for c=2:17. 


Conversion of d-Phenylchloroacetic Acid into « Mixture of r- and 
1-Mandelic Acids. 


d-Acid (0°8 gram), added to 5 cc. of water, and neutralised 
exactly by standard aqueous sodium hydroxide (43°6 c.c.). After 
addition of 47 c.c. of W/10 silver nitrate, 8—10° forty-seven hours ; 
100°, ten minutes. A little dilute hydrochloric acid was added, the 
silver chloride separated, and the filtrate concentrated by evaporation 
to about 25 c.c. The mandelic acid mixture gave [a], ~41°5° for 
c= 2°23. 


Conversion of 1\-Phenylchloroacetic Acid into a Mixture of r- and 
d-Phenylaminoacetic Acids. 


l-Phenylchloroacetic acid (3 grams) was added to 50 c.c. of strong 
ammonia (sp. gr. 0°880) which had previously been cooled by ice. 
The acid dissolved at once. The solution was surrounded by ice for 
six hours, and, after eighty-six hours at a temperature varying from 
12° to 14°, it was heated for thirty minutes at 60° and finally for 
thirty minutes at 100°. It was then evaporated to dryness to expel 
the ammonia. Water (50 c.c.) was added, the mixture heated on the 
water-bath, and the crop, which separated on cooling, washed with ice- 
cold water. The amino-acid obtained in this manner amounted to 
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0°9608 gram. It was dissolved in 12°8 c.c. of 0°99N hydrochloric acid, 
and the solution, when made up to 50 c.c., was polarimetrically 
examined with the result : 

l=4, ap +4°65°, [a], +60°5°. 

The filtrate from which this crop had been removed was con. 
centrated to about 25 c.c., when a small amount of amino-acid 
separated on cooling. This was considerably more active than the 
first crop ; 0°1435 gram was dissolved in 2 c.c. of W-aqueous hydro. 
chloric acid and water, and made up to 20 c.c. with water. On polari- 
metric examination, it gave: 

1=2, ap +1:99°, [a], +139°. 

Dilute hydrochloric acid was added to the filtrate from which this 
crop had been removed and the liquid extracted with ether. In this 
manner, | gram of a levorotatory mandelic acid mixture was obtained 
with the following rotation : 

t=2, c=4°625, ay — 2°80°, [a]) — 30°3°. 

The solution of amino-acid hydrochloride from which the mandelic 
acid had been extracted was evaporated to 23 c.c. and was dextro- 
rotatory, 20 c.c. of it in a 4-dem. tube giving ap + 1°92°. 

It is thus apparent that the action of ammonia on /-phenylchloro- 
acetic acid gives a dextrorotatory mixture of amino-acids, but the 
racemisation accompanying the change is in this case not nearly so 
pronounced as when the chlorine is displaced by the hydroxy-group. 
The formation of mandelic acid together with the amino-acids is 
presumably due to the action of water and excess of ammonia on 
ammonium /-phenylchloroacetate, and it is interesting to note that the 
presence of an excess of ammonia has the effect of giving a mandelic 
acid mixture of fairly high activity. 


Conversion of d-Phenylchloroacetic Acid into a Mixture of r- and |- 
Phenylaminoacetic Acids. 


d-Phenylchloroacetic acid (2 grams) was added to 50 c.c. of strong 
ammonia (sp. gr. 0°880), and the solution maintained at 8—10° for three 
days. After heating at 40° for thirty minutes and at 100° for thirty 
minutes, the product was evaporated to dryness. About 25 cc. of 
water were added, the mixture heated on the water-bath, cooled, and 
filtered. The solid was washed with a little water, and, on being 
dried, amounted to 0°8 gram. It was levorotatory. 0°5615 Gram 
was added to water and 10 c.c. of V-aqueous hydrochloric acid, and the 
solution made up with water to 25 c.c. 

On polarimetric examination : 


l=4, ap — 432°, [a], - 48°1°. 
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Dilute hydrochloric acid was added to the filtrate from which the 
preceding crop had been removed, and the mandelic acid present was 
separated from the amino-acid hydrochloride by extracting twice with 
ether. It amounted to 0°5 gram, was dextrorotatory, and gave the 
following value : 

l=4, c= 24075, ap +2°21°, [a], + 23°. 

The liquid which had been extracted was evaporated to 23 c.c., 

90 c.c. of which in a 4-dem. tube gave ay — 4°32°. 


Action of Nitrous Acid on the Optically Active Phenylaminoacetic 
Acids. 


The optically active phenylaminoacetic acids were prepared by the 
resolution of the v-acid as described by E. Fischer and Weichhold 
(loc, cit.). The inactive acid was converted into its formyl derivative, 
which was then resolved by cinchonine; from the /-formy] pheny]l- 
aminoacetic acid thus obtained, the formyl group was eliminated by 
aqueous hydrobromic acid. The activity of the resulting /-phenyl- 
aminoacetic acid was in close agreement with the value quoted by 
Fischer and Weichhold, who give the following data: 0°7438 gram of 
aid was dissolved in 6°7 c.c. of NW-hydrochloric acid and 3 c.c. of 
water; ay Was —23°35° in a 2-dem. tube and [a]} —157°78°. The 
value obtained by us was as follows: 0°7438 gram of acid was 
dissolved in 6°1 c.c. of 1:1N-hydrochloric acid and 3°6 c.c. of water ; 
ay was — 11°65° in a 1-dem. tube. 

The following experiment showed that a small amount of d-mandelic 
acid is produced together with the r-acid by the action of nitrous acid 
on /-phenylaminoacetic acid hydrochloride. A solution of 2 grams of 
the Lamino-acid in 50 c.c. of 1°1N-aqueous hydrochloric acid was 
surrounded by ice-cold water, and an aqueous solution of sodium nitrite 
(19 grams dissolved in 4 c.c. of water) gradually added within an 
interval of forty-five minutes. The solution was shaken occasionally. 
After remaining for five and three-quarter hours in ice-cold water 
without shaking, the solution was polarimetrically examined and found 
to be levorotatory, 20 c.c. of it in a 4-dem. tube giving a) —1°65°. 
On shaking the solution at this stage, a little gas was evolved, and 
the action was apparently not quite complete. After sixteen hours at 
the laboratory temperature, the evolution of gas had ceased, and the 
solution had become dextrorotatory. Two days later, 20 c.c. of the 
solution gave a, +0°40° in a 4-dem. tube, and the mandelic acid 
mixture, when extracted, amounted to 1°61 grams and gave the 
following value : 

l=4, c=8°05, ap +1°75°, [a]p +5°4°. 
A similar experiment was carried out with d-phenylaminoacetic acid, 
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which was prepared by resolution of the formyl acid with quinine x 
described by Fischer and Weichhold (oc. cit.). The mandelic a¢ij 
mixture, produced by the action of nitrous acid, was leevorotatory, 
giving [a], —7°3°. 


Conversion of the Optically Active Phenylaminoacetic Acids into 
Phenyl-halogen-acetic Acids. 


A sclution of 5:5 grams of /-phenylaminoacetic acid in 100 cc ¢ 
aqueous hydrobromic acid (40 per cent.) was immersed in a freezing 
mixture of ice and salt, and 9 grams of bromine were added. After 
a current of nitric oxide had been passed into the mixture for one anj 
a-half hours, an additional 13 grams of bromine were added, and th 
passage of nitric oxide continued for three and a-half hours longe, 
The evolution of nitrogen was noticed. Next day a current of sulphw 
dioxide was passed into the mixture, which was then extracted with 
ether. The resulting acid was neutralised by aqueous sodim 
hydroxide, and the heating of the aqueous solution of sodium al 
conducted for some time in order to displace the halogen from th 
bromo-acid. Finally, the mandelic acid was obtained from the sodium 
salt. Its aqueous solution (60 c.c.) was dextrorotatory, 20 c.c. of itia 
a 4-dem. tube giving a) +0°44°. 

The displacement of the amino-group in d-phenylaminoacetic adi 
by the halogen atom was conducted under conditions which wer 
different from the preceding. The acid used was not homogeneou, 
as it contained some of the r-acid and had [a] +119° in hydrochlore 
acid solution of the same strength as was used for the determination 
of the activity of the /-acid. The acid (1 gram) was added to 20 ce 
of concentrated aqueous hydrochloric acid. A solution of 0°8 gramd 
sodium nitrite in 3 c.c. of water was gradually added within a 
interval of thirty minutes. After one and a-half hours, there was w 
further evolution of gas, and some sodium chloride had separate 
The liquid was extracted with ether, the ethereal extract dried, ti 
ether expelled, and an oil obtained, which quickly solidified in a vacuum 
It amounted to 0°88 gram, and from its melting point (55—5j 
seemed to consist mainly of a mixture of r- and active phenyleblov 
acetic acids. It was made up with benzene to 20 c.c., and, alia 
shaking, 0°-4 gram remained undissolved and was found from it 
melting point to be r-mandelic acid. The portion soluble in benz 
was examined. It was laevorotatory, giving [a] — 21°4° for c=4?! 
benzene solution. The displacement of the amino-group by chlor 
is thus accompanied by a change of sign. This observation was 0 
firmed by the behaviour of the product towards ammonia. 
residue, obtained after removal of the benzene, was dissolved | 
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95 ¢.c. of concentrated aqueous ammonia and maintained at about 8° 
for twenty-four hours. The liquid was then concentrated by evapora- 
tion on the water-bath to about 10 c.c.,an excess of dilute hydrochloric 
acid added, and the product extracted with ether. ‘The resulting acid 
(0'32 gram) was levorotatory, and was a mixture of r- and /-mandelic 
acids with [a]p —8°0° for c=1:595. The liquid which had. been 
extracted was distinctly dextrorotatory. 


BIRKBECK COLLEGE, 
Lonpon, E.C. 


XC.—Indican. Part LI. 


By ArTHUR GEORGE PERKIN and FREDERICK THOMAS. 


In a previous communication (Trans., 1907, 91, 1715), it was 
shown that indican, the glucoside of indoxyl which is present in 
certain plants which yield indigo, can be readily extracted from 
the leaf by means of acetone, and isolated in quantity by an 
exceedingly simple method. For the purpose of further inves- 
tigation, an amount approximating to 350 grams of the crude, 
crystalline glucoside was prepared according to this process by 


the authors in conjunction with W. P. Bloxam, and this, it was 
found, could be readily purified by crystallisation from absolute 
alcohol. The product, which was of about 94 per cent. purity 
(calculated as C,,H,,O,N,3H,O), was added to three times its 
bulk of the alcohol, dissolved by very gentle warming, filtered 
from a trace of indigotin, and the solution partly evaporated. 
The crystals, which separated on cooling, were again recrystallised 
from alcohol, and were now usually quite colourless and chemically 
pure. From the mother liquors, by evaporation, a further amount 
of the substance could be recovered, and it was thus evident that 
indican suffers little or no decomposition in boiling absolute 
alcoholic solution : 

Found, C=56°89; H=5°80; N=4°83. 

C\,H,,O,N requires C=56°94; H=5°'76; N=4°75 per cent. 

In order, however, to be certain as to the purity of the sub- 
stance, determinations were carried out by the new isatin method 
of Orchardson, Wood, and Bloxam (J. Soc. Chem. Ind., 1907, 26, 
4) as certain of the samples came to hand: 


0:1181 gave0-1050 indirubin 100 per cent. Theory requires 0°1048 gram. 
01052 ,, 0-0930 * m ” 00935 ,, 
01015 ,, 00900 _,, # , 00901 ,, 
01134 ,, 0°1000 “ te 0» 0-1007 ,, 
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On the other hand, some preparations of the indican were, for 
economy’s sake, merely crystallised once from alcohol, and the 
product thus obtained was employed in this investigation fo 
experiments where absolute purity of the substance was not 
essential. When such was the case, this is referred to in cop. 
nexion with the experiment. 

During the preparation of the indican, a considerable quantity 
of the aqueous mother liquor accumulated, which, on keeping, 
gradually darkened, and after some time developed a peculiar 
odour closely resembling that of acridine. An examination was 
carried out of the freshly prepared product to determine if any 
indication could be obtained of the presence of an_ indoxy| 
glucoside other than indican. One of the most ready methods of 
eliminating the large quantity of impurity present was found to 
consist of the addition of ether to an alcoholic solution of the 
mixture, and to evaporate the clear liquid containing most of the 
indoxyl glucoside in a vacuum. As a result of the fractional 
crystallisation of the residue from water, crystals of indican only 
were obtained, and no new glucoside of this character has been 
yet brought to light. 

Prof. ter Meulen (private communication) has confirmed the 
suggestion (Joc. cit.) that the melting point, 51°, given in the 
paper of Hoogewerff and ter Meulen (Proc. K. Akad. Wetensch. 
Amsterdam, 1900, 2, 520) is a clerical error, and is in reality 
intended for 57°. The same chemist also directed attention to 
a paper by himself, “ Recherches expérimentales sur la nature de 
quelques glucosides”’ (Rec. trav. chim., 1905, 24, 444), containing 
some experiments on indican of which we were unaware. An 
interesting modification of the original method for the isolation 
of this glucoside from Polygonum tinctorium is there given, and 
consists in treating a cold solution of the partly purified substance 
with sulphuric acid, by which means certain impurities are pre 
cipitated, remarkably enough without a perceptible hydrolysis of 
the indican itself. The acid is then removed by barium carbonate, 
and from the solution the crystalline compound readily separates. 

The main object of this communication of ter Meulen’s is, in 
so far as it concerns indican, the determination of the sugar that 
this glucoside yields when hydrolysed by its specific enzyme, and 
as a result it is shown that whereas the hydrolysis proceeds readily 
in the presence of galactose, saccharose, and mannose, and a yield 
of indoxy! approximating 93 per cent. is thus produced, that the 
reaction is inhibited by the presence of glucose to some extent, 
as but 86°4 per cent. of indoxyl is obtained. The sugar produced 
is therefore dextrose, and this was confirmed by the isolation of 
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the pure sugar and its osazone melting at 202—203°. In the 
meantime, a further study of the sugar had been in progress 
in this laboratory, owing to the fact that the melting point of 
pure dextrosazone has been given by Tutin (Proc., 1907, 28, 250) 
as 217°, whereas in the former communication the product obtained 
melted at 204—205°. A quantity of the pure sugar from indican 
was prepared and purified by crystallisation from methyl alcohol, 
but on conversion into the osazone and by crystallising this substance 
from various solvents, no higher melting point than 204—205° 
could be observed when the heating was carried out with moderate 
rapidity. An examination of pure dextrose in this respect gave a 
similar result. As a final confirmation, the sugar from indican 
was acetylated by Erwig and Koenigs’ method (Ber., 1889, 22, 
1464), and the purified compound compared with acetyldextrose. 
Both preparations melted at 109—110°, and a mixture of the two 
behaved in an identical manner. 

It has been shown by Baeyer (Ber., 1881, 14, 1745) that 
indoxyl readily condenses with aldehydes and ketones to form the 
so-called indogenides, and Hazewinkel (Proc. K. Akad. Wetensch. 
Amsterdam, 1900, 2, 512), in the valuable communication which 
demonstrated for the first time that indican is an indoxyl 
glucoside, partly identified his substance by means of its con- 
densation products with isatin, benzaldehyde, and pyruvic acid, 
relying, however, on their qualitative reactions, as he did not 
prepare these compounds in a pure enough condition for analysis. 
In connexion with the analysis of crystalline indican, and the 
amount of this compound which is present in the plant, it is now 
well known that the interaction of indoxyl and isatin to form 
indirubin is the basis of a method which, when carefully carried 
out, gives remarkably accurate results (Joc. cit.). It was, however, 
interesting to determine if certain aldehydes could be usefully 
employed to replace the isatin in this process, and as it was 
necessary that the final product of the reaction, like indirubin, 
should be insoluble in dilute alkali, p-nitrobenzaldehyde and 
piperonal were selected for experiment. 

When 1 gram of indican was dissolved in 30 c.c. of water, the 
solution treated with 1 gram of p-nitrobenzaldehyde, and heated 
to boiling in the absence of air, the addition of 5 c.c. of hydro- 
chloric acid caused the almost instantaneous separation of a red, 
crystalline mass. After recrystallisation from acetone, it melted 
at 273—274°, dissolved sparingly in ether to form a beautiful 
green, fluorescent liquid, and was identical with the pnitro- 
benzaldehydeindogenide previously described by Baeyer (Joc. cit.) : 

Found, N=10°60. C,;H,,O;N, requires N=10°52 per cent. 
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Experiment indicated the extreme readiness with which this 
reaction occurs, for with indican solution at a dilution of 
1 in 1000, the above compound quickly separates, and even at 
1 in 10,000 of water the condensation can be observed to take 
place. As a result of the study of the quantitative aspect of the 
process, the following method was devised. 0°25 Gram of indican 
(99 per cent.), dissolved in 150 c.c. of water, was treated 
with 0°75 gram of p-nitrobenzaldehyde, the mixture heated 
to boiling in an atmosphere of carbon dioxide, and treated drop 
by drop with 5 c.c. of hydrochloric acid diluted with 25 c.c. of 
water. After digestion for half an hour, 250 c.c. of boiling water 
were added for the purpose of retaining the excess of aldehyde 
in solution, and the product was then boiled for ten minutes 
longer, cooled, and kept for half an hour. The crystals were 
collected on a tared filter, washed with water, then with 0°5 per 
cent. sodium hydroxide solution, and finally with warm 4 per cent. 
acetic acid: 

Found, 0'2229 gram. Theory requires 0°2231 gram. Yield = 99°91 percent. 
0°2225 _,, . » 02231 ,, Yield=99-73 _,, 


” 


It was accordingly evident that the condensation of indoxyl 
with p-nitrobenzaldehyde takes place under these conditions in a 
quantitative manner. The product thus obtained was quite free 


from the aldehyde, melted at 273—-274°, and was therefore pure. 

The interaction of piperonal with indoxyl, which does not appear 
to have been previously studied, readily takes place under similar 
conditions to those employed with p-nitrobenzaldehyde. A 
voluminous, orange-coloured, crystalline mass quickly separates, and 
the product is purified by crystallisation from alcohol : 

Found, C=72°37; H=4°34; N=5°46. 

C,,H,,0;N requires C=72°45; H=4:15; N=5°28 per cent. 

The new compound consists of needles, melting at 223—224°, 
sparingly soluble in ether, with formation of a green, fluorescent 
solution. 

Piperonal does not react with indoxyl quite so readily as 
p-nitrobenzaldehyde, for although the condensation takes place to 
some extent with a mixture of 1 gram of indican, 1 gram of the 
aldehyde, and 10 c.c. of hydrochloric acid in 1000 c.c. of boiling 
water at a dilution of 1 in 10,000, no production of the expected 
compound could be observed. 

As a result of the quantitative study of this process, the 
following method has as yet given the best result. 0°25 Gram of 
99 per cent. indican in 250 c.c. of water, 0°75 gram of piperonal, 
and 5 c.c. of hydrochloric acid were caused to react under identical 
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conditions with those employed in the p-nitrobenzaldehyde experi- 
ments, with the exception that the digestion was carried out for 


one hour: 


Found, 0°2132 gram. Theory requires 0°2221 gram. Yield = 96 per cent. 
02130 ,, 99 » 02221 ,, Yield=95-90 ,, 


The employment of piperonal for the quantitative estimation 
of indican thus yields under these conditions but approximately 
sitisfactory results, and this appears to be due to the fact that 
the acid filtrate retains a small amount of the condensation product 
in solution. The crystals, which were of a dull orange colour, 
melted at 217--219°, and were evidently not quite pure; and 
again, although the piperonal is to some extent dissolved by the 
water, and much is driven off with the steam during the reaction, 
a trace is apt to be retained by the substance, and prolonged 
heating of this at 100° is necessary until the characteristic odour 
of the aldehyde has disappeared. o- and m-Nitrobenzaldehydes 
readily react when treated with indican under similar. conditions, 
and it is possible that the crystalline compounds thus produced 
night be serviceable for the estimation of this glucoside. 

p-Nitrobenzaldehyde and piperonal respectively form the above 
compounds when they are digested with aqueous extracts of the 
leaves of J. Sumatrana and J. arrecta in the presence of hydro- 
chloric acid. Crystalline precipitates rapidly separate, and these 
were collected and washed with 0°5 per cent. slightly warm sodium 
hydroxide solution, which removed a brown impurity. The 
puitrobenzaldehydeindogenide thus obtained was of a bright red 
colour, melted at 264—-265°, and was almost pure, whereas the 
piperonal derivative had a dull orange colour, and crystallisation 
from alcohol was necessary in order to obtain it in a pure 
condition. 

It is thus likely that p-nitrobenzaldehyde can be employed as 
well as isatin for the estimation of indican in the leaf, but as 
puitrobenzaldehydeindogenide is slightly more sensitive to sodium 
hydroxide solution than indirubin, the alkaline washing which is 
necessary should be carried out with a very dilute and merely 
varm solution. A point which should be in favour of the method 
is the extreme rapidity with which the operations of filtration and 
washing can be carried out. 

As a side issue in connexion with this portion of the work, it 
appeared interesting to study the condensation product of indoxyl 
with protocatechualdehyde, as the resulting dihydroxybenz- 
aldehydeindogenide should possess mordant dyeing properties. 
Somewhat unexpected difficulties were at first encountered in the 

VOL, XCV, 3 F 
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preparation of this substance, because, although it was present jy 
the experimental products, it was so largely contaminated with; 
brown impurity that its isolation was extremely difficult. Thy 
brown compound apparently arises from a decomposition of th 
colouring matter itself, and an illustration of this point occu, 
when protccatechualdehyde and indican dissolved in acetic acij 
are treated with a little hydrochloric acid and gently warmed. Thy 
the substance at first formed is soluble in alkali with a bluish-violg 
coloration, but on raising the temperature an alkaline solution ¢ 
the product has now merely a deep brown tint. The followin 
method was finally adopted. Two grams of indican* and 2 gram 
of protocatechualdehyde, dissolved in 30 c.c. of boiling alcohol, wer 
treated with 8 drops of hydrochloric acid, and the orange-brom 
liquid at once removed from the sand-bath and kept for twenty. 
four hours. Crystals had then separated, and after addition of; 
little hot water, the substance was collected and washed with 
alcohol. The yield was 0°69 gram of the crude product, and thi 
was purified by evaporating its alcoholic solution until crystak 
separated from the boiling liquid: 

Found, C=70°'92; H=4°40; N=5'55. 

C,;H,,O,N requires C=71'14; H=4°35; N=5°53 per cent. 

Dihydroxybenzaldehydeindogenide consists of glistening, orange 
red needles resembling alizarin, melts at about 264—265°, ani 
dissolves very sparingly in ether, with formation of a gree, 
fluorescent liquid. Its behaviour with alkaline solutions i 
interesting, for whereas concentrated sodium hydroxide gives: 
beautiful bluish-violet coloration, with the weaker alkali and alw 
with concentrated ammonia a red tint only is produced. Aleohdl 
dissolves it without fluorescence, with sulphuric acid it gives a 
orange-red colour, with ferric chloride a dull purplish-red tint, ani 
with alcoholic lead acetate a bright orange-red precipitate. 4 
concentrated boiling alcoholic solution gives with potassium 
acetate a red deposit, consisting of ill-defined, prismatic needle, 
and this compound, which is probably the monopotassium salt, i 
soluble in alcohol, and on boiling with water is decomposed will 
regeneration of the free colouring matter. With sulphuric acid i 
boiling glacial acetic acid, a bluish-black, crystailine powder i 
formed, and this, on treatment with cold water, is re-convertel 
into the free acid and the original compound, at least in part. 

The acetyl derivative, C,;H,O;N(C,H;O),, is quickly formed ly 
a short digestion of the colouring matter with acetic anhydride 
and a few drops of pyridine. It separates on cooling, and 3 


* Indican of 94 per cent. purity was here employed. 
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purified by recrystallisation from alcohol, when it is obtained in 
long, orange-coloured needles, melting at 182°, and soluble in ether 
with a green fluorescence : 


Found, N=4°30. C,)9H,,0;N requires N=4'15 per cent. 


Dihydroxybenzaldehydeindogenide gives with mordanted woollen 
cloth the following shades: 
Chromium. Aluminium. Tin. Iron. 
Maroon Dull scarlet Orange Deep blackish-brown 
When calico mordanted with iron and aluminium is employed, 
rather poorer colours are produced, and the employment of calcium 
acetate or chalk in the dye-bath has a detrimental effect. The 
shades also were not quite fast to the action of soap. By digesting 
a mixture of indican* (2°5 grams), p-hydroxybenzaldehyde (2°5 
grams), and oxalic acid (2 grams) in a little water for a short 
time at the boiling point, a semi-crystalline precipitate of 
p-hydrozybenzaldehydeindogenide separates. It was purified by 
a similar method to that employed with the preceding compound: 


Found, N=6'11. C,;H,,O,.N requires N=5°90 per cent. 


This compound consists of orange-red needles, melting at about 
267—269°, and dissolves sparingly in ether, giving a green, 
fluorescent solution. It is soluble in sodium hydroxide solution, 
with a dull scarlet coloration, but does not dye mordanted 
fabrics. 

The acetyl derivative, C,;H,,O,N°C,H,O, is readily prepared in 
the usual manner, and forms bright orange leaflets, melting at 
223—224°, which also dissolve in ether with a green fluorescence ; 

Found, N=5'23. Cj,,H,,0;N requires N=5°02 per cent. 

In the previous communication (Joc. cit.), it was pointed out 
that when a mixture of indican and nitrosodimethylaniline is 
dissolved in boiling acetic acid, the addition of a few drops of 
hydrochloric acid causes the separation of indigotin in beautiful 
glistening leaflets, the necessary oxygen being supplied by the 
nitrosodimethylaniline. It has been stated by Hazewinkel ((oc. 
cit.) that acid oxidising agents convert indican into indigotin, but, 
on the other hand, a portion of the colouring matter is then 
further oxidised ; it seemed possible, however, that by employing 
4 milder oxidising agent than those hitherto used for this purpose, 
the secondary action might be avoided. The study of the 
behaviour of nitrosodimethylaniline in this respect was disappoint- 
ing, and attempts to devise a quantitative process for the 
estimation of indican with this reagent have hitherto failed. As 


* Purity 94 per cent. ° 
3 F 
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an instance, 0°125 gram of indican in 25 c.c. of water, treated with 
0°5 gram of nitrosodimethylaniline in acetic acid, was digested 
with the addition of a few drops of sulphuric acid, by which 
means 0°045 of indigotin was obtained. Theory requires 0:0555 
of indigotin, and it is likely that this and other poor results which 
have been obtained are due to the fact that it is necessary to carry 
on the operation at the boiling point in order to complete the 
reaction. 


The Hydrolysis of Indican with Acid, and Oxidation of the 
Solution by Means of Arr. 


By passing air through a hot solution of indican in dilute acid 
containing a little ferric chloride as an oxygen carrier, Hoogewerf 
and ter Meulen (/oc. cit.) obtained 91 per cent. of the theoretical 
yield of indigo, but the purity of this product and the per. 
centage of indirubin it contained was not then examined. Rawson 
again, in his interesting “ Report on the Cultivation and Manufae- 
ture of Indigo” (Second edition, Calcutta, 1907), states that indigo 
was prepared in Java by Hazewinkel by hydrolysing the indican 
in the leaf extract by means of acid in the presence of an oxidising 
agent, and also describes a method, originated by himself, in which 
the necessary oxygen was supplied with ammonium persulphate, 
giving excellent results in the laboratory. As the quantitative 
aspect of this reaction, when air alone is employed as the oxidising 
agent, had not previously been studied with indican in this 
laboratory, and no published results have been found to exist in 
this respect with regard to the leaf extract, the matter was now 
investigated. 

The acid indican solutions, contained in flasks surrounded by 
a water jacket carefully maintained at the required temperature, 
were oxidised by continuously aspirating air through the liquid. 
A separation of indigotin gradually took place, and at the con- 
clusion of the experiment the product was collected, washed with 
1 per cent. sodium hydroxide solution, dried, and weighed. To 
determine its purity, an aliquot portion was sulphonated, and the 
liquid diluted and titrated with titanium chloride, this reagent 
being employed for the analysis because of the presence of 
indirubin in the colouring matter. Experiment indicated that 
under the conditions given below, the reaction was almost complete 

Time. Indican. Water. Acid. Temperature. Indigotin. 
80 minutes... OO gram 1000c.c. 4c¢.c. H,SO,* 60—-90° 75 per cent. 
err ae _— -- a 
oe a mr 


8 hours 0-501 gram 850 c.c, Me 60° 
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in two and a-half hours, was complete in three and a-quarter hours, 
and that a further digestion did not increase the yield. 

It was thus evident that a quantitative yield of indigotin from 
indican could not be obtained under these conditions. The reason 
for this deficiency was partly explained by the fact that the acid 
filtrate from the indigotin was of a pale brown colour, and that 
the indigotin itself contained a small quantity of a brown com- 
pound, and was of but 93°8 per cent. purity as arule. This brown 
compound is of a similar nature to indoxyl-brown, which, as 
previously shown (Joc. cit.), is formed by the action of acids on 
indican in the absence of air, and is thus, it appears, formed even 
at the dilutions given above by means of the sulphuric acid. By 
employing half the quantity of sulphuric acid, that is, 2 c.c. in 
850 of water, and oxidising for eight hours, it was found that the 
reaction was incomplete, and, moreover, that the supernatant 
liquid was markedly coloured, although not so strongly as was 
the case when the 4 c.c. of acid had been used. The presence of 
indirubin in moderate quantity in the colouring matter thus 
prepared is in accord with the statement of Beyerinck (loc. cit.), 
that in acid solutions indoxyl is oxidised very slowly by air, with 
production of much indigo-red, and at the same time part of the 
indoxyl is lost in another way. To account for the production of 
indirubin, it is only possible to consider that isatin is formed during 
the oxidation, and this point has been rendered certain by the isola- 
tion of isatin from a sample of Java indigo rich in indirubin (Proc., 
1907, 28, 30). Whether, as a rule, the whole of the isatin thus 
formed reacts with the indoxyl to form indirubin under the 
conditions of manufacture, or those given above, is not certain, 
and it is probable that a slight decrease in yield originates in 
this way. Rapid oxidation of indoxyl in acid solution, as with 
Rawson’s persulphate process (loc. cit.), gave, on the other hand, 
a colouring matter, which, when examined, was found to be 
practically free from indirubin, and this further corroborates the 
work of Beyerinck. 

Experiments were now carried out employing hydrochloric acid 
in the place of sulphuric acid at a concentration of 15 c.c. of the 
ordinary 33 per cent. pure acid (which is equivalent to the 4 c.c. 
of 96 per cent. sulphuric acid used previously) in 850 c.c. of water. 
The reaction proceeded very similarly to that described above, 
except that the indigotin separated in exceedingly minute crystals, 
and formed a beautiful coppery scum on the surface of the liquid. 
Under the microscope the product had the appearance of very 
minute, rather ill-defined, prismatic needles: 
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Time. Indican. Water. Acid. Temperature. Indigotin. 


8 hours 0°5 850 15 c.c. 60° 93°4 per cent, 


0°5 850 a as 60 93°5 
0°5 


” %) 


‘ 850 15 ,, 70 srs, 


These results were rather surprising, and indicate that hydro. 
chloric acid gives in this respect much better results than sulphuric 
acid ; this point does not appear to have been previously observed, 
The cause of this divergence was explained by the appearance of 
the acid filtrates from the indigotin, which were but very faintly 
yellow-coloured, and markedly differed in this respect from the 
corresponding sulphuric acid liquids. Some quantity of indirubin 
was also present in this colouring matter. 

By means of the third experiment, it is shown that an increase 
of temperature is not beneficial, and this was again explained by 
the fact that the acid filtrate was more highly coloured than before. 
An experiment was now carried out with a freshly prepared 
extract of the leaves of Z. Swmatrana, which, on analysis by the 
isatin method, gave indican (=0°04635 indigotin) in 100 ce. 
Eight hundred and fifty c.c. of this liquid, together with 15 c.c. of 
hydrochloric acid, were heated to 60°, and air was then aspirated 
through the solution for nine hours. The precipitated colouring 
matter, which settled very readily, was collected, washed with 
dilute sodium hydroxide solution, weighed, and analysed as before 
by titanium chloride: 


Found, indigotin = 0'3694. Theory requires0°3939. Yield = 93-7 percent. 


The purity of the crude indigotin was 78°6 per cent. 

This result is in close agreement with the experiments made on 
pure indican, although it should be noted that the concentration 
of the glucoside in the leaf extract was practically double that of 
the solutions of the pure substance above experimented with. There 
is little doubt that much larger amounts of indican could be 
effectively hydrolysed by this same volume of dilute hydrochloric 
acid. 

At present, therefore, it has not been possible to obtain 4 
theoretical yield of indigotin from indican, and it is to be noted 
that in this respect 93°5 per cent. is the highest amount as yet 
recorded in this laboratory. 

Preliminary experiments on the behaviour of hydrochloric acid, 
and ferric chloride as an oxygen carrier, with indican solutions 
have indicated that there is little prospect of an increase of yield 
arising from an addition of the latter. Employing indican and 
acid in the concentrations given above, oxidising with air, and 
adding 0°1 gram of ferric chloride, the yield of indigotin produced 
after three hours and a-half at 60° was approximately 88 per cent. 
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Under the same conditions at 30°, the reaction was not completed 
in ten hours, and although the latter result is probably due to 
incomplete hydrolysis of indican, there is some reason to suspect 
™ hat ferric chloride is not efficient as an oxygen carrier under the 
conditions which have been hitherto employed in this work. 


Indoxyl-Browns. 


In a former communication (Perkin and Bloxam, Trans., 1907, 
91, 279), the results of an examination of indigo-brown were 
given, and it was suggested that these compounds might have 
been produced from indoxyl during the process of manufacture. 
The fact that pure indican itself on digestion with acids gives 
a rather similar product (loc. cit.) supported to some extent this 
view, and especially so as indoxyl-brown, the main constituent 
of the mixture, possesses a percentage composition almost identical 
vith one of the indigo-brown substances. A minor point of 
diference between these products was that the solution of indoxyl- 
brown in hot alcoholic potash possessed a green tint, but as more 
recent preparations of this substance have been devoid of this 
characteristic, it has been ascertained that this was not a property 
of the compound, but was due to its contamination with a minute 
trace of indigotin. The main distinction between indoxyl-brown 
and the indigo-brown constituent, however, consists in the fact 
that, whereas the former is insoluble in aqueous solutions of the 
alkali hydroxide, the latter dissolves, although only sparingly. 

A further study of the action of acids on indican in the absence 
of an oxidising agent has been now carried out, with the desire 
of examining the more sparingly soluble product of the action 
referred to in the previous communication (Joc. cit.), and to deter- 
mine whether any distinction could be observed between the action 
of sulphuric acid originally employed and hydrochloric acid in this 
respect. 

Two quantities of indican (2°5 grams in 100 c.c. of water) were 
respectively digested at the boiling point in the presence of carbon 
dioxide (A) with addition of 3 c.c. of sulphuric acid in 25 c.c. of 
water, and (B) with the equivalent of 33 per cent. hydrochloric 
acid for about two hours. The products were respectively diluted 
with 150 c.c. of water, and, when cold, the brown precipitates were 
collected and weighed : 

Found, A=1°1155 grams; B=1°1190 grams. 

The filtrates were of a pale orange-brown colour. These figures, 
a% was previously found to be the case, are almost identical with 
that required by the amount of indoxyl, 1°127 grams, which the 
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2°5 grams of glucoside would yield on hydrolysis, being 98-9 ang 
99°3 per cent. of this weight. An examination of both products 
as given below, indicated that they were practically identicgj 
By extraction with boiling alcohol, a trace of indigotin remaing 
undissolved, and by concentrating the solution, two substance 
could be isolated: (a) very sparingly soluble in alcohol, and (j) 
more readily so. An analysis of (a) gave N=9°65 per cent., andj 
this consisted of a dark reddish-brown powder easily dissolved by 
pyridine. Except as regards solubility in alcohol, it “was almost 
indistinguishable from the substance (6) (found, N=9°44), which 
consisted of the indoxyl-brown previously examined. The liquid 
from which the latter had been separated left on evaporation , 
pale brown, varnish-like residue, also insoluble in alkali. Found, 
N=8°'98 per cent. 

Schunck and Romer (Ber., 1879, 12, 2311) have shown that 
their indican, when hydrolysed with cold acid in the absence of air, 
gave a product which, when treated with oxidising agents, did 
not form indigctin. This experiment was repeated in a somewhat 
similar way by treating 15 grams of pure indican, ground into a 
paste with 3 c.c. of water, with 5 c.c. of 33 per cent. hydrochloric 
acid, and keeping the mixture in an atmosphere of carbon dioxide 
for ninety hours. The solution soon became brown-coloured, and 
deposited a small quantity of a similar coloured precipitate, and 
this increased in quantity when the mixture was diluted with 
water. This product, which was readily soluble in alcohol, o 
treatment with ether gave a precipitate, found on examination 
to consist of indoxyl-brown, and the filtrate on evaporation yielded 
a brown, varnish-like residue very similar to that described above. 
Evidently, therefore, the action of cold acid for a long period on 
indican follows similar lines to that which takes place when the 
mixture is digested at the boiling point for a short time. 

It has been shown (/oc. cit.) that when boiling aqueous extracts 
of Z. Swmatrana and I. arrecta are treated with acid, a brow 
precipitate is obtained, which represents in part the  indican 
originally present. As regards the origin of indigo-brown, it 
appeared interesting to study this reaction quantitatively, 
especially in respect to the amount of nitrogen present in the 
brown matter. 

Fifty grams of the leaves of 7. Sumatrana (estimated by the isatin 
method to contain indican=indigotin 3°13 per cent.) were placed 
in a copper gauze cylinder, and extracted with water in a Soxhlet 
tube. The extract, evaporated to 100 c.c. approximately, wa 
digested at the boiling point with an excess of hydrochloric acid, 
and after standing overnight the precipitate was collected and 
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dried. It weighed 3°4775 grams, and was found to contain 6°51 
per cent. of nitrogen, and thus represented 135°4 per cent. of the 
amount originally contained by the indican which was present. 

In a second experiment, the leaf was extracted with methyl 
alcohol, the solution evaporated and treated with light petroleum, 
the precipitate dissolved in water, and the liquid freed from wax 
and chlorophyll by means of ether. One hundred c.c. of the aqueous 
liquid, containing 2°5 grams of indican, were digested at the boiling 
point for two hours with 3 c.c. of sulphuric acid, and after dilution 
with 150 c.c. of water and standing, the resulting precipitate was 
found to weigh 2°4110 grams. Analysis showed the presence of 
674 per cent. of nitrogen, so that the amount contained by this 
product was 136°9 per cent. of that originally present in the 2°5 
grams of indican. It is, of course, evident that as indoxyl-brown 
contains less nitrogen than indoxyl, the whole of the indican- 
nitrogen might not have been contained in these brown matters, 
but the experiments prove that in this sample of leaf a substance 
exists other than indican, which on digestion with acid gives, either 
alone or in the presence of indoxyl, a nitrogenous, brown pre- 
cipitate. 

It has been clearly proved by Rawson (Joc. cit.) that the indigo- 
yielding property of the leaves on the living plant varies consider- 
ably ; thus, for instance, plants the leaves of which gave in May 0°30 
per cent. of indigotin, in August yielded 0°76, and in November 
only 0°25 per cent. Again, it is known that mere air-drying of the 
fresh leaf causes a decrease in the amount of indican, and an 
interesting decrease of the quantity of the glucoside in the air-dried 
leaf itself, on keeping, has been observed in this laboratory. 
Thus the sample employed in the above experiments, which were 
carried out approximately a year ago, was estimated then to give 
3:13 per cent. of indigotin, whereas when recently analysed it was 
possessed of an indigotin value of only 2°45 per cent. No indigotin 
is formed as the result of this deterioration, and it seems likely 
that the point is to be explained by a change analogous to that 
which has been shown by Beyerinck to occur in woad leaves 
(Proc. K. Akad. Wetensch. Amsterdam, 1899, 1, 120), namely, 
that the action of excess of air on a dying woad leaf causes a loss 
of indoxyl with formation of unknown colourless and brown sub- 
stances. In case such compounds formed by the deterioration of 
the indican were present in the leaf here employed and could be 
removed from the same by extraction with boiling water, it is 
evident that to obtain satisfactory information in the above respect 
an examination of the fresh leaf should be made at the period of 
its maximum indican content. A very interesting point in con- 
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nexion with these experiments is that, whereas the indoxyl-browns 
given by pure indican are insoluble in alkali, the analogous plant 
preparations, although produced fram solutions containing a similar 
concentration of the glucoside, are entirely dissolved in this 
manner. The only simple explanation of this phenomenon which 
suggests itself is that the leaf most probably contains, or its 
extract yields with acid, nitrogenous hydroxy-, aldehydic or ketonic 
substances, which condense with indoxyl or its alteration products 
to form the brown alkali soluble substance. The nature of a very 
large amount of the extractive matter of the leaf is unknown, 
but the pungent aromatic odour which is evolved when an extract 
is boiled with acid is somewhat in favour of this suggestion. 

On the other hand, it seems certain, as a result of this inves- 
tigation, that the indigo-brown obtained during the manufacture 
of natural indigo is not produced to any extent, if at all, by 
such a condensation of indoxyl with aldehydic or ketonic com- 
pounds derived from the plant. This theory, which at one time 
suggested itself as plausible, could not be maintained in view of 
the fact that when either pure indican, on the one hand, and the 
plant extract, on the other, are hydrolysed with hydrochloric acid, 
and the solutions simultaneously oxidised by air, the yields of 
colouring matter in both cases (94 per cent. approximately) bear 
an identical relationship to the indican originally present in each 
liquid. It is therefore evident that with the plant extract in 
these favourable circumstances, a secondary reaction of this 
character does not occur. In connexion with indigo-brown, hovw- 
ever, it is interesting to note that all natural indigos appear to 
contain indigo-brown, so that this property is irrespective of their 
origin, which may have been due to such distinct plants as the 
Indigoferae, the Polygonum tinctorium, or the Lonchocarpus 
cyanescens of West Africa, and this point certainly favours the 
suggestion that indigo-brown is an indoxylic by-product of the 
manufacture, and represents a loss of colouring principle. 

An examination of the leaves of the Lonchocarpus cyanescens, 
a plant which yields indigo and is used as a dye by the natives 
of Sierra Leone (J. Soc. Chem. Ind., 1907, 26, 389) under the 
name of the “Gara” plant, has been carried out with the object 
of isolating the colour principle. The air-dried material obtained 
for us with considerable trouble by Prof. Dunstan, of the Imperial 
Institute, to whom our best thanks are due, contained, unfor- 
tunately, no substance of this nature, and it was evident that a 
fermentation of the latter had ensued during the drying operation. 
It is thus probable that an investigation of the plant in this 
respect can only be carried out on the spot. 
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X0l—Studies of Dynamic Isomerism. Part VIII. 
The Relationship between Absorption Spectra and 
Isomeric Change. Absorption Spectra of Halogen, 
Nitro-, and Methyl Derwatives of Camphor. 


By Tuomas Martin Lowry and Ceci Henry Descu. 
I.—Introductory. 


Ix the earlier papers of the present series a considerable number 
of cases of reversible isomeric change have been investigated by 
“dynamic” methods depending on observations of changes occurring 
in freshly-prepared solutions of one or other of the isomerides. The 
use of such methods is in practice confined to crystalline compounds, 
since only these can, as a rule, be separated in a pure form from 
mixtures of isomerides such as are normally produced in solution or in 
the liquid state. This limitation has the disadvantage of excluding 
some of the most important cases of dynamic isomerism, as, for 
instance, cyanic and hydrocyanic acids (Butleroff, Annalen, 1877, 
189, 77) and ethyl acetoacetate. Much information has been 
obtained by studying crystalline derivatives of these compounds, 
such as cyanocamphor, diethyl diacetylsuccinate (Knorr, Annalen, 
1899, 306, 332), or menthyl acetoacetate (Lapworth, Trans., 1902, 
81, 1499), but such observations can never entirely take the place of 
experiments on the original parent substauces. Great importance 
attaches, therefore, to the discovery of “ static’? methods by which 
the presence of oscillatory isomeric changes may be detected after the 
final balance has been attained, and especially of methods that will also 
reveal the proportions in which the isomerides are present and the 
velocities with which they change from one form into the other. 

Work on these lines has been undertaken by Perkin (Trans., 1892, 
61, 801), using magnetic rotatory powers as a test, and by Briihl 
(ompare Ber., 1902, 35, 3510, 3619, 4030, 4113, etc.), who has 
made use of refractive indices ; but compounds containing the group 
‘CO‘CH,*CO usually possess abnormal optical properties (Kay and 


808 LOWRY AND DESCH: 


Perkin, Trans., 1906, 89, 839 ; Briihl, Trans., 1907, 91, 115) which 
seriously restrict the possibility of determining the proportions of 
ketone and enol, and leadin some instances to values, not intermediate, 
but entirely outside the values calculated for the two modifications 
(see, for instance, Briihl, Ber., 1902, 35, 4034). As these methods 
cannot in any case throw light on the velocities of the Opposing 
isomeric changes, special interest attaches to the suggestion of Baly 
and Desch (Trans., 1904, 85, 1029; 1905, 87, 766) that a band in 
the ultra-violet absorption spectrum of a compound may not only 
indicate the occurrence of reversible isomeric ‘change, but by its 
persistence may show the extent of the agitation hidden beneath the 
apparently placid behaviour of the substance. 

This new view of the significance of absorption bands was based on 
a series of experiments with compounds containing the group 

*CO-CH,°CO-:, 

and was justified by the following observations. In contrast with 
ethyl acetoacetate, CH,*CO*CH,:CO-OEt, which is generally regarded 
as almost wholly ketonic and gave no absorption band, acetylacetone, 
CH,°CO-CH,°CO-CH,, a compound which Perkin had shown to be 
very largely enolised, gave a well-marked band. By adding an alkali, 
an equally strong band was developed in ethyl acetoacetate, but this 
could not be attributed to mere enolisation, since the enolic ethyl 
derivative, CH,*C(OEt):CH:CO-OEKt, in which the compound is com- 
pletely locked up in this form, gave no absorption band whatever. 
As neither type of structure was capable of producing a band, its 
appearance in the spectra of the diketones and their metallic 
derivatives was attributed to an oscillation between the isomeric 
forms of these substances. Unfortunately, very little is known of the 
extent or velocity of isomeric change amongst the diketones, and 
it was therefore decided to make a series of observations of the 
absorption spectra of the simpler derivatives of camphor in the hope 
of establishing a quantitative relationship between their known 
velocities of isomeric change and the persistence of their absorption 
bands. 


I].— Mittro-compounds. 


' CH:NO C:NO,H 
Nitrocamphor, C,H, << bo * at bo . 
which had supplied the material for the earliest series of experiments 
on dynamic isomerism, was selected as the first substance for spectro- 
scopic examination, since in this case information was already available, 
not only in reference to the extent of the change (Trans., 1904, 85, 
1541), but also as to its velocity in different solvents (Trans., 1899, 75, 
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919; 1908, 93, 110) and in presence of different agents by which the 
normal rate of change can be accelerated (Trans., 1908, 93, 107) or 
retarded (ibid., 119). As the period occupied by the change could be 
varied at will from a few seconds to a year or more, the conditions 
appeared to be particularly favourable for establishing a definite 
relationship between the velocity of the change and the persistence of 
the absorption band. 

The solvents used were alcohol, ether, ethylene dichloride, and 
finally, ethylene dichloride to which a trace of acetyl chloride had 
been added in order completely to arrest the isomeric change. In 
spite of the wide range of velocities (roughly 10,000 to 1), no great 
alteration was seen in the form of the absorption curve. EKach 
spectrum showed a “step-out” or rapid extension of the limit of 
transmission when the thickness was reduced to about 10 mm. of 
4/100 solution, but this did not disappear when isomeric change was 
practically stopped by the addition of acetyl chloride, and did not 
mature into a band when the period of change was reduced to a few 
hours by the use of alcohol as solvent. 

Experiments on the use of alcohol and water as affording a more 
active solvent than pure alcohol had to be abandoned, as it was not 
practicable under the ordinary conditions of experiment to maintain 
the high standard of purity that was necessary. An alternative 
method of accelerating the change without converting the nitrocamphor 
into a salt was found, however, in the use of an acid catalyst (Trans., 
1908, 93, 116). For this purpose an alcoholic solution was made up 
to contain nitrocamphor 4/100 and trichloroacetic acid WV/100; its 
absorption curve showed a horizontal “ step-out ’’ as in the case of the 
neutral solutions, but no band was developed, and the catalytic action 
of the acid appeared to be entirely without influence on the form of 
the absorption curve. 

It is elear, then, that the isomeric change of nitrocamphor, even 
although it involves the actual transference of a mobile hydrogen atom 
and takes place with a high velocity in both directions,* can proceed 
incessantly without resulting in the production of a band. 


Alkali Salts of Nitrocamphor. 


On the addition of alkali to the nitrocamphor solutions a very deep 
band was developed, extending down to a thickness of only a few 
mm. of V/10,000 solution, but only under such conditions that muta- 
rotation experiments were quite out of the question. The band 
appeared, indeed, to be characteristic of the salts of nitrocamphor and 


* The diketones change much less readily. 
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not in any way of the nitro-compound itself, since on comparing soly. 
tions containing : 

(a) Nitrocamphor, V/1000 Sodium ethoxide, W/10,000 

(b) 4 N/10,000 i »  W7/10,000 

(c) ne N/10,000 za » W100 
no intensification of the band could be detected as a result of adding 
nine additional equivalents of nitrocamphor in (a), or ninety-nine equi- 
valents of sodium ethoxide in (c). The latter result is in contrast 
with the behaviour of the diketones, which develop a maximun 
absorptive power only in presence of a large excess of alkali, but is in 
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Nitro-derivatives of camphor. 
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agreement with the known behaviour of nitrocamphor, as a strong 
acid which would be neutralised by a simple equivalent of alkali 
forming salts which would not be hydrolysed in solution. 


B- and 2-Bromonittrocamphors, 
: C:NO,H 
0,H,,Br on NO, 0, 


bo * = OHuBr< hy 


A preliminary test had shown that the mutarotation of nitrocamphor 
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curve, in spite of the fact that the composition of the solution changed 
f snormal V/100 normal V/120) 
= (pseudo — } ” wt N/600J° 
alkali salt could probably be detected at a concentration of V/100,000, 
it was evident that the absorptive power of the y-nitro-compound must 
have been something like one thousand times smaller than that of the 
salts derived from it. 

In order to test this conclusion more closely, experiments were made 
with B- and z-bromonitrocamphors, the former of which crystallises 
out in the normal form, and when dissolved shows a change of rotatory 
power from left towards right, whilst the latter crystallises in the 
pseudo-form and shows a large change from right to left, owing to the 
conversion of five-sixths of the material into the normal form. Freshly 
prepared alcoholic solutions showed a somewhat greater transmission 
in the thicker layers by the normal B-compound than by the pseudo-z- 
compound, but the curves became identical lower down and were 
throughout of precisely similar type; freshly prepared solutions in 
ethylene dichloride gave identical curves of the same type as in the 
case of nitrocamphor. There is, therefore, evidently no special feature 
in the spectra of the y-nitro-compounds to mark them out from 
the normal modifications, and the band which is produced, not only by 
the salts of nitrocamphor, but in practically identical form by the salts 
of its B- and z-bromo-derivatives, must be attributed to some other cause 
than the presence of a y-nitro-structure. 


As the formation of an 


Derivatives of Nitrocamphor not Exhibiting Mutarotation. 


Identical conclusions were arrived at from the study of derivatives 
in which the structure is fixed in the normal or in the pseudo-form by 
eliminating the mobile hydrogen atom. The compounds examined 

C:NO-O-NO:C , 
were the anhydride, C,H,,< bo ’ 0 docs of y-nitro- 


camphor, and several halogen derivatives of the normal type, 


‘igo and 0,8, X<fn 2 (x = Cl or Br). 


The curves for the anhydride and for the two stereoisomeric aa’-chloro- 
nitrocamphors showed a somewhat rapid extension between 25 and 8 
mm. of V/100-solution ; the aa’-bromonitro-compound gave an almost 
linear curve. In no case did the curves show a band* or other special 
; * A band was produced by the chlorobromonitrocamphor formed as a by-product 
in attempting to purify crude wa-chlorobromocamphor with nitric acid (Trans., 1906, 


89, 1041), but no importance can be attached to this until the constitution of the 
compound has been established by reduction and other methods. 
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feature, and it is therefore obvious that neither the normal nor the 
pseudo-type of structure is capable per se of generating an absorption 
band. 


CH 
Nitrocamphane, C,H, ,< oun 0, = CBOs oe 
By the kindness of Dr. Forster, who supplied us with a considerable 
quantity of material, we were able to compare the behaviour of 
nitrocamphane with that of nitrocamphor. The chief differences that 
result from the elimination of the ketonic group are: 
(a) A displacement of the equilibrium, so that the normal compound 


Fig. 2. 


(1) ‘* Fixed” derivatives of nitrocamphor,—anhydride, aa’-chloronitrocamphors (2), and 
aa’-bromonitrocamphor ; (2) Nitrocamphane, alone and with 1 and 9 equivalents of 
alkali ; in centinormal alcoholic solutions. 
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exhibits a constant rotatory power in solution, whilst the labile pseudo- 
compound passes over completely into the normal form. 

(b) A weakening of the acid properties of the substance, so that 
neutral salts no longer exert an accelerating action on the isomeric 
change ; as a consequence, the pseudo-compound can be isolated by 
merely acidifying an aqueous solution of its salts. 

Spectroscopic observations showed the existence of a slight extension 
in the absorption curves of nitrocamphane and of freshly prepared 
solutions of the labile y-isomeride, but this was even less pronounced 
than in the case of nitrocamphor, and only of about the same order 
of magnitude as in the “fixed” y-anhydride and normal chloro- 
derivatives. Moreover, in marked contrast with the behaviour of 
nitrocamphor, the addition of an equivalent of sodium ethoxide does 
not give rise to a band, and even nine equivalents do no more than 
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bring the “step-out” to a horizontal position, as in neutral solutions of 
nitrocamphor. It appears, therefore, that in this simpler nitro-com- 

und isomeric change gives rise to no absorption band either in the 
parent substance or in its alkali salts. 

Results which have been obtained elsewhere since these experiments 
were commenced support this view. Thus Hedley (Ber., 1908, 41, 
1195) found that simple nitro-compounds, even when in the y-nitro- 
form, as in solutions of their salts, did not give an absorption band, 
but that the presence of a second nitro-group was necessary in order 
that a band might be developed. Baly and Desch (Trans., 1908, 93, 
1749) found, contrary to Hedley’s statement, that a small but distinct 
band was given by nitromethane and nitroethane. The behaviour of 
this band in alkaline solutions was, however, somewhat anomalous, 
and apart from this instance, it was found that conjugation of the 
nitro-group with an ethylenic linking, as in w-nitrostyrene, 

C,H,*CH:CH-NO,, 
or with a group possessing residual affinity, as in methylnitroamide, 
CH,-NH-NO,, was necessary to produce a band. In nitrocamphor, 


~f 
the neighbourhood of the carbonyl group,  !! » provides the 


~¢ 
required conjugation. 


III.— Halogen Derivatives. 


In view of the negative character of the results described above, it 
was decided to enlarge the scope of the research and to include all the 
simpler derivatives of camphor which had been investigated in previous 
papers of the series, together with a number of other compounds, the 
examination of which might throw light on the conditions under which 
an ultra-violet absorption band might be produced. The general 
result was to show that, not only may isomeric changes occur in the 
case of the nitro-compounds without any development of a band, but 
conversely amongst the halogen derivatives bands may be developed 
by compounds or under conditions such that all possibility of isomeric 
change was excluded. In order to make this clear, it will be con- 
venient, before describing the spectroscopic observations, to summarise 
the information that is available in reference to isomeric changes in 
this series of compounds. 

So far as the parent substance is concerned, it is generally 
recognised that the properties of camphor are those of the cyclic 


H 
ketone, OH <i *. To this view no exception can be taken on the 


ground that it yields an enolic benzoyl derivative when boiled with 
benzoyl chloride (Lees, Trans., 1903, 83, 152), since this may result 
VOL. XOV. . 3G 
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from the formation and decomposition of an intermediate compound 
without involving the formation of any trace of enolic camphor : 


CH, OH, 
H-co- = 2 
O,H,"CO-Cl+ CH y<A, CSB <bo1-0-00-0,H, 


Camphor. Additive compound. 


OH <t 6.00. on, +o 


Enolic benzoyl dutedies 


Camphor itself is, however, not an ideal substance on which to 
investigate isomeric change, since its crystallisation from solution is 
unsatisfactory and its solubility excessive. The £-bromo-derivative, 


OH, Bria’, has the advantage of excellent crystalline properties 


and a smaller solubility, whilst retaining most of the character. 
istic properties of the parent substance. Careful observations, 
including a number of tests carried out specially for the purpose of 
the present investigation, have failed to reveal any changes of 
rotatory power in the freshly prepared alcoholic solutions, and it has 
already been shown (Trans., 1906, 89, 1037) that no increase of 
solubility results from the addition of a trace of alkali to the 
saturated solution. Enolisation, if it takes place at all, must there- 
fore be limited to a very small proportion of the material in solution. 
In the case of a-bromocamphor the evidence is much more decisive, 
owing to the fact that the keto-enolic change is associated with 
possibilities of stereoisomerism, the hydrogen atom of the endl 
reverting either to the a- or to the a’-position in the ketone : 


CHBr Br CHBr 
C sHiu<do —C Hct ‘OH = 0 sHiu<do 


a-Bromocamphor. Enolic form. a’-Bromocamphor. 


This change has been shown by Kipping (Proc., 1905, 21, 125) to 
take place in alkaline, but not in neutral or acid, solutions ; in spite of 
the fact that only about 6 per cent. of the a’-compound is formed, it is 
accompanied by a decrease of rotatory power from [a]p 135° to 122°, 
which renders it very easy to detect by polarimetric observations. It 
is important to notice that the proportion of enol affects the velocity, 
but not the extent, of the alteration of rotatory power ; it is therefore 
possible, by extending the observations over a considerable period, to 
detect the formation of the most minute quantities of the enolic form. 
The advantage gained by this method of procedure is such that, whilst 
observations of rotatory power might detect the formation of | per 
cent. of enol from £-bromocamphor, in the case of the a-compound 
the corresponding proportion would be more like one part in a million, 
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and this minute proportion may be taken as an upper limit of the 
amount of enolisation in neutral solutions of a-bromocamphor. 

Similar statements may be made in reference to all the halogen 
derivatives of camphor which contain the group *CHX-CO-, since 
these are all completely stabie in neutral solutions, but undergo 
stereoisomeric change when enolisation is induced by the addition of a 
trace of alkali. If, therefore, the appearance of an absorption band 
were directly related to the occurrence of reversible isomeric change, 
such a band sbould appear (as in the case of nitrocamphor) only on 
the addition of alkali, and not, as is actually the case, indifferently in 
neutral and alkaline solutions. 

Derivatives containing the group ‘CH,*CO: or ‘CX Y-CO: show no 
change of rotatory power or of solubility on the addition of alkali. In 
the former case it may reasonably be assumed that compounds, such as 
camphor or B-bromocamphor, behave in essentially the same way as 
a-bromocamphor, that is, that they are enolised by the addition of 
alkali, although to so small an extent that, in the absence of a 
further stereoisomeric change no alteration can be detected in the 
properties of the solution. The disubstituted compounds, on the other 
hand, from which both a-hy’~ogen atoms have been displaced are 
presumably exempt from all possibility of enolisation. 


The Absorption Spectrum of Camphor. 


The absorption spectrum of a N/100-solution of camphor in alcohol 
was examined as long ago as 1881 by Hartley (Trans., 39, 153), who 
reported that the pure substance was remarkably diactinic and 
showed no absorption band. Baly, Marsden, and Stewart (Trans., 
1906, 89, 979), working with more concentrated solutions, found an 
absorption band persisting over a range of thickness of about 10 to 1, 
and this has since been confirmed by Hartley (Proc., 1908, 24, 120). 
As our sliding-tube permitted of observations being made with 
thicknesses of solution up to 250 mm., we have been able to investigate 
the band in V/100- as well asin W/10-solutions. The /100-solutions 
we have found, in confirmation of Hartley’s observations, to be diactinic 
up to thicknesses of 60 mm., but at greater thicknesses a shallow 
band is observed ; in neutral solutions the band persists over 2 or 3 
exposures only, but the addition of an equivalent of alkali extends the 
range to 3 or 4 exposures, each representing a change of thickness in 
the ratio 1:26 to 1. 

Our curve for the W/10-solutions is very similar to that recorded by 
Baly, Marsden, and Stewart, but the band was found to extend over 
six instead of ten exposures. This difference is probably due to the 
fact that the upper part of Baly’s curve was plotted from observations 
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made with 1V/I-solutions. As camphor does not obey Beer's lay, 
the absorption produced by a millimetre of V/1-solution would not be 
the same as that produced by a centimetre of V/10- or a decimetre of 
W/100-solution, and the use of the stronger solution would inevitably 
lead to a further intensification of the band. 

It was at first thought that the weakening of the camphor band 
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which results from diluting the solution from W/1 to V/100 strength 
might be due to the formation of an alcoholate, 


in presence of the larger excess of alcohol. This view was negatived by 
observations which showed a precisely similar change in ether and in 
ethylene dichloride. Another possibility, that the band might be due 
to polymerisation of the ketone, was rendered improbable, although 
not altogether disproved, by the fact that the bands were progressively 
weaker in alcohol, ether, and ethylene dichloride, although the latter 
solvents usually permit a higher degree of association than alcohol. 
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Mono-derivatives of Camphor. 


Precisely similar changes were observed in the absorption spectrum 
of a-methyleamphor on diluting the alcoholic solution from W/10 to 
y/100 and on adding an equivalent of alkali to the W/100-solution, 
the curves in each case being almost identical with those for the 
parent substance. The three curves for 8-bromocamphor differed 
only in that the persistence of the bands was one unit less throughout, 
whilst those for a-bromocamphor (which could only be plotted for 
¥/100-solutions) were a unit stronger and showed a shifting of the 
head of the band from 1/A 3500 to 1/A 3350. The three curves for 
a-chlorocamphor also showed an intensification of the camphor band, 
resulting from the introduction of the a-halogen atom, the head of the 
band being shifted at the same time from 1/A 3500 to 1/A 3400. 
y/100-solutions of the aB- and az-dihalogen derivatives gave bands of 
the same persistence as in the case of camphor, the intensification due 
to the a-halogen atom being balanced by the repressive action of the 
bromine in the B- or z-position, and showed the same slight intensifi- 
cation on the addition of an equivalent of alkali. 

The change of persistence which results from the addition of alkali, 
although generally observed amongst the simpler derivatives of 
camphor, gives no representation whatever of the effect which the 
alkali produces on the velocity of isomeric change. In neutral solu- 
tions the change is infinitely slow; on the addition of an equivalent 
of alkali, it is practically instantaneous,* but the effect on the 
absorption curve is so insignificant that it will not even bear com- 
parison with the change produced by merely altering the concentration 
of the alcoholic solution. Evidently, therefore, the presence of the 
band cannot be correlated, even in a qualitative way, with the occur- 
rence of isomeric change in this series of compounds. 


aa’-Di-derivatives of Camphor. 


It has already been mentioned that when the a’-hydrogen atom of 
a-bromocamphor is displaced by a nitro-group, the resulting a-bromo- 
a-nitrocamphor gives no absorption band, but an almost linear 
absorption curve. The band of a-chlorocamphor, on the other hand, 
although destroyed by nitration, leaves behind in the a-chloro-a’-nitro- 
compound an extension of the spectrum at the same oscillation- 

* The addition of one thousandth of an equivalent of sodium ethoxide to a normal 
solution of a-bromocamphor is sufficient to establish a condition of equilibrium 


within an hour ; the proportional period for one equivalent would be about three 
seconds, 
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frequency and almost at the same thickness of solution as the head 
of the chlorocamphor band ; there can, therefore, be little doubt that 
the extension represents an early stage in the development of the 
band. On account of the greater amount of material that was avail. 
able, the idea suggested by this observation was worked out with 
a-bromocamphor, the a’-hydrogen atom of which was displaced by the 
radicles -NO,, ‘CHO, *Br, -CH,Br, *Cl, and -CH,. The bromonitro. 
compound proved to be an exceptional limiting case, all the other 
members of the series giving strongly inflected curves. Thus the 
bromoformy! and dibromo-compounds showed an extension almost as 
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pronounced as in the extreme curve for nitrocamphor ; in the next two 
members of the series, the extension was so rapid that the curves wer 
brought right up to a horizontal position, and could be represented 
most accurately by showing the presence of a slight minimum ; finally, 
in the case of the a-bromo-a’-methylcamphor, the absorption curve 
showed an unmistakable band persisting over two exposures. 

From these observations it is clear: 

(1) That no sharp line of demarcation can be drawn between coll- 
pounds which show an absorption band and those that do not, and 

(2) That a definite band may be produced by a compound in whieh 
all possibility of keto-enolic change has been removed by the displace 
ment of the whole of the mobile hydrogen. 
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Isomeric Bromomethylcamphors. 


If further evidence were needed to show that isomeric change is not 
the main factor in determining the appearance of the absorption band, 
it is provided in a particularly striking form by a comparison of the 
three isomeric bromomethylcamphors supplied to us by Dr. Glover : 

. ‘CH, CBr-CH 

OH ~— OH, Brie, tin CeHi< do ie 

w-Bromomethyleamphor. 8-Bromomethylcamphor. a-Bromomethylcamphor. 


Of these three compounds the first two are free to undergo keto- 
enolic change, whilst the last is fixed by the elimination of the a- and a’- 
hydrogen atoms. The absorption curve for the w-bromo-compound 
showed the deepest band that we have observed amongst the halogen 
derivatives of camphor, the persistence in WV/100-alcoholic solutions 
being six exposures as compared with four for a-bromocamphor, three 
for camphor and methyleamphor, and two for 8-bromocamphor ; the 
bromine in this position evidently exerts a maximum effect, possibly 
on account of the leverage which it acquires from the interposition of 
the methylene group. A comparison of the a- and £-compounds 
showed that, whilst the former, as has already been mentioned, gives a 
shallow band, the latter merely gives a well-marked horizontal 
extension. This result is directly opposed to what might have been 
anticipated from the fixity of the a-compound and the mobility of the 
B-isomeride, but is fully in accord with the general tendency disclosed by 
the observations which have shown that the absorption band of camphor 
is strengthened by an a-bromine atom, but weakened by a bromine 
atom in the B-position ; if this tendency be regarded as dominant in 
the case of methylcamphor, the observations now recorded are 


abnormal only in the average weakness of the band in these two bromo- 
derivatives. 


IV.—Origin of the Absorption Bands. 


Whilst it would obviously be premature to attempt to construct, 
from observations of a limited group of compounds, a general theory 
as to the origin of absorption bands, certain conclusions derived from 
the present investigation may usefully be stated as affording data from 
which a complete theory may at some future date be developed. 

It is evident that the original suggestion, referred to at the 
beginning of this paper, that the absorption band observed amongst 
ketonic compounds is associated with the transfer of a labile hydrogen 
atom and that its persistence is a measure of the number of molecules 
in the solution that are actually undergoing isomeric change, cannot be 
maintained, as had, indeed, already become probable from the evidence 
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accumulated by Baly and his co-workers. The facts which tell mog 
strongly against this view are: 

1. The reversible isomeric change of nitrocamphor and of nitro. 
camphane, the occurrence of which is clearly demonstrated } 
independent methods, does not cause selective absorption, although 
the alkali salt of y-nitrocamphor gives rise to a very strong absorption 
band. 

2. In the simpler derivatives of camphor, the band is _producaj 
with equal facility whether the substance is undergoing isomeric 
change or not, and a weak band may even be produced by those deriy. 
atives in which isomeric change is impossible, owing to the complet 
displacement of the labile hydrogen atoms. 

In the present investigation we are concerned with absorption 
bands of two types which must be carefully distinguished from on 
another, namely, (1) the bands which are produced by the alkali salts 
of nitrocamphor and of its B- and r-bromo-derivatives, but not by the 
parent substances or their “ fixed” derivatives, and (2) the bands which 
are developed by the majority of the simpler derivatives of camphor in 
neutral and alkaline solutions indifferently. 

Origin of the Nitrocamphor Band.—In the case of nitrocamphor ou 
observations show clearly that neither the normal nitro-compound nor 
its y-nitro-isomeride gives rise to an absorption band, which first appears 
when the hydrogen atom of the y-nitro-group is displaced by an alkali 
metal. The view that the ionisation of the salt is the effective caus 
of its remarkable absorptive power is supported by few, if any, 
analogous cases, and by no direct experimental evidence. On the 
contrary, it has become a universal custom, when the band falls within 
the limits of the visible spectrum, to attribute the development o 
colour during neutralisation to a change of structure, as in the cas 
of phenolphthalein or p-nitrophenol, and it is difficult to avoid the 
conclusion that some similar change takes place during the neutraliss 
tion of nitrocamphor. 

This view is rendered exceedingly probable by the analogous 
behaviour of the isonitroso-derivatives of malonic acid studied by 
Dr. Whiteley (Trans., 1903, 83, 34). These exist in colourles 
(iso-oxime) and in coloured (hydroxime) modifications, but invariably 
give rise to coloured (hydroxime) salts : 


C,H,°O°C:0 C,H,*O°C:O 
| | 
<= C:N-OH -—> O:N-ONa. 
ii | 
C,H,-O°C:0 C,H,°O°C:0 
Colourless iso-oxime. Yellow hydroxime. Yellow salt. 


In the case of nitrocamphor the possibility of two alternative 
formule for the y-modification has long been recognised and discussel 
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(Lowry, Trans., 1898, 73, 995; Forster, Trans., 1900, 77, 254; 
Perkin, Trans., 1902, 81, 304). There is therefore nothing inherently 
improbable in the suggestion that the conversion of y-nitrocamphor 
into its salts is accompanied by a change of structure, in which the 
nitrogen atom passes from a tervalent to a quinquevalent condition : 


R 
C:N-ONa. 
bso 
Normal nitrocamphor. y-Nitrocamphor. Sodium salt. 

It will be noticed that the formula for the sodium salt contains 
a series of conjugated double bonds which is lacking, not only in both 
forms of the parent substance, but in all three modifications of 
nitrocamphane : 

CH, CH, CH, O 


> 0,H,< | —> OB} Ii 
<— 8 ~e 0 8 *\O-=N-ONa* 
| N-OH 


The explanation now suggested is, therefore, entirely in accord with 
our own observations, as well as with those of the other workers 
referred to above (p. 813). 

Origin of the Camphor Band.—The weaker absorption band 
developed by camphor and its simple halogen and methyl derivatives 
requiresa different explanation, and at the present time constitutes amore 
difficult problem than that of the nitrocamphor band discussed above. 

As borneol produces no selective absorption, the camphor band is 
evidently in some way a function of the ketonic group, but it is not at 
all easy to say in what way the group acts in promoting the formation 
of the band. So far as the chemical properties of the group are con- 
cerned, it must be recognised that the appearance of the band is not 
related in any direct way to the property possessed by some members 
of the series of undergoing keto-enolic isomeric change. Nor have we 
succeeded as yet in associating the band with the polymerisation of 
the molecule. Finally, the intensity of the band cannot be correlated 
with the “ reactivity” of the carbonyl group towards agents such as 
hydroxylamine, since a-chlorocamphor and a-bromocamphor, which do 
not yield oximes, give deeper bands than camphor, methyleamphor, 
and 8-bromocamphor, which readily react with this agent. 

On the physical side, however, the gradual strengthening or 
Weakening of the absorptive power of the molecule by various 
substituents, and especially by those which are contiguous to the 
carbonyl group, suggests a close analogy with other optical properties, 
such as refractive power and magnetic rotation, which are particularly 
sensitive to the influence of contiguous or conjugated groups. At 
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present, therefore, the most hopeful method of attacking the problem eop. 
sists in studying the relationship between the absorption and the othe; 
optical properties of the various compounds. Work on these ling 
is already in progress, and it is anticipated that the results will prove 
to be of value in elucidating the various factors which regulate the 
power of selective absorption possessed by the various compounds 
of the camphor group. 


V.—NMethods of Observation. 


The methods used were essentially the same as those described 
by Baly and Desch (loc. cit.), and need not be set out in detail, 
The earlier observations were made on a “No. 2” spectroscope 
by Hilger, with a single pair of quartz half-prisms and fully. 
achromatised quartz-calcite lenses of 13” focus. The photographs 
were taken with a half-plate camera provided with a graduated swing. 
back and a partly-achromatised quartz-calcite lens of 22” focus moving 
ina graduated tube. This gave a spectrum about 10 cm. long, and 
twenty-four exposures could be made on a half-plate placed vertically 
in the camera. 

In the later experiments two pairs of quartz half-prisms were used, 
This not only gave a much greater dispersion, but had the advantage 
of bringing the whole of the ultra-violet spectrum sharply into focus 


on a flat plate. With the new arrangement it was necessary Wy, 


arrange the half-plate horizontally, but by using a slightly shorter 
slit it was still possible to make twenty exposures on each plate. At 
the same time it became necessary to exclude from the plate the 
greater part of the visible spectrum, but as none of the substances 
dealt with possessed any visible colour, this did not involve the loss of 
any part of the absorption ; on the contrary, the useful part of the 
spectrum from \ 4100 to A 2100 was spread out to the fullest advantage 
over a distance of 15 cm. right across the plate. The increased 
dispersion thus secured was found to be of the utmost. value when 
dealing with substances which gave only shallow bands of slight 
persistence. 

The solutions under observation were placed in sliding-tubes of the 
type devised by Baly, but instead of using a millimetre scale, a dirett 
logarithmic scale of thicknesses was provided. The tube was about 
300 mm. long, and the graduations were as follows: 


251°2 199°5 158°5 125°9 100 
2°2 2°1 2 


0 

0 
100 79 
10 O09 


a, © 2ASeClUreelC KC lUlC le lUcreltC 


lem con- 
he other 
Se lines 
ill prove 
late the 
npounds 


escribed 
1 detail, 
troscope 
1 fully. 
ographs 
1 swing. 
moving 
ng, and 
ertically 


re used, 
vantage 
to focus 
ssary ty 
shorter 
te. At 
late the 
bstances 
» loss of 
+ of the 
vantage 
rcreased 
ae when 


f slight 


s of the 
a direct 
s about 


9°8 31% 
16 «(1% 
32 2% 
05 


, and a8 


STUDIES OF DYNAMIC ISOMERISM. PART VIII. 823 


the dark slide was also graduated and numbered to correspond with 
the tube, the risk of errors due to exposing a wrong thickness of 
solution was reduced to a minimum. Moreover, as each thickness 
exposed was made tocorrespond with a definite position of the plate, it 
was not necessary to make any record of the conditions of the observa- 
tions except to note on the negative the nature and concentration of 
the absorbing solution. 

The logarithmic method of graduation has the advantage that 
successive exposures represent exactly equal increments or decrements of 
concentration. A change of thickness in the ratio 10 to 1 is effected 
in 10 equal stages, each of which, by a happy coincidence, is almost 
exactly 5 to 4 (really 1-259 to 1) ; by a further coincidence the majority 
of the thicknesses approximate closely to round numbers of millimetres, 
One of the chief advantages of the logarithmic scale of thicknesses 
arises, however, from the fact that when the absorption curves are 
plotted (log-thickness against oscillation-frequency), the experimental 
points are equally spaced on the vertical axis and fall exactly on the 
main divisions of the curve paper. The appearance of the negative 
therefore approximates somewhat closely to the actual form of the 
absorption curve, the only deviation being due to the fact that, on the 
negative, the scale of oscillation-frequencies becomes more and more 
open on passing from the visible to the far ultra-violet. 


The materials used were for the most part those which had been 
specially purified for experiments on mutarotation and solubility, and 
need not be further described. We are, however, indebted to Dr. 
M. 0. Forster for the specimen of nitrocamphane used in the experi- 
ments and to Dr. W. H. Glover for the methyl derivatives of camphor, 
and desire to take this opportunity of expressing our thanks. The 
alcohol used was Kahlbaum’s “ absolute,” distilled from a small amount 
of phosphoric oxide in order to remove all traces of basic impurity. 
The ether, “distilled from sodium,” was redistilled from phosphoric 
oxide before being used. The ethylene dichloride was purified as 
described by Perkin (Trans., 1902, 81, 308). 


We desire to place on record our indebtedness to the Research Fund 
Committee of the Chemical Society for a grant which defrayed a portion 
of the cost of the investigation, to Prof. Armstrong and to Mr. E. ©. ©. 
Baly for valuable criticisms and advice, and to Mr. H. W. Southgate 
for assistance in the photographic work. 
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XCIL—IJndican. Part ILI. 


By Freprerick THomas, WILLIAM PoppLewELL Bioxaw, and 
ARTHUR GEORGE PERKIN. 


In the preceding investigation (this vol., p. 793), an account has beep 
given of the hydrolysis of indican by means of acids, and the present 
paper deals with the still more important question of the behaviour of 
the glucoside with its specific enzyme, indimulsin. With the exception 
of some preliminary experiments by Gaunt, Thomas, and Bloxam 
(J. Soc. Chem. Ind., 1907, 26, 1174), and the work of ter Meulen (Re, 
trav. chim., 1905, 24, 444), no study has been made of the quantitative 
aspect of the hydrolysis of pure indican by the enzyme. 

The discovery and characterisation of the indican enzyme is due to 
the elaborate investigations of the Dutch chemists, Hazewinkel, 
Beyerinck, and van Romburgh, as is also much of the work in con- 
nexion with the action of bacteria on infusions of certain indigo. 
yielding plants. Beyerinck (Proc. K. Akad. Wetensch. Amsterdam, 
1899, 1, 120), after reference to earlier work which rendered the 
existence of such an enzyme probable, was the first to announce its 
discovery. The process consists of extracting the leaves of the plant 
in a fine state of division, first with cold 96 per cent. and subsequently 
with more dilute alcohol, which removes chlorophyll, indican, wax, etc, 
and leaves a snow-white, highly active powder. From such prepara- 
tions of the leaves of Polygonwm tinctoriwm and certain species of 
Indigoferae, the enzyme itself could be but imperfectly removed, for 
in water it is almost insoluble, only sparingly so in glycerol, and rather 
more readily in 10 per cent. solutions of sodium and calcium chlorides 
respectively. The residue which remains after extraction in this way 
was not perceptibly less active than before treatment, and in 4 
subsequent communication (idid., 1900, 2, 120) the insoluble character 
of the enzyme was confirmed. A minute study of these leaf pre 
parations was carried out by Beyerinck in regard to their behaviour 
with partly purified indican solutions, as pure indican itself had not 
then been isolated, and he illustrates the effect of temperature on the 
intensity of the hydrolysis by means of curves. Among numerous 
points of interest, it was observed that ammonia quickly destroys the 
enzyme, and also that emulsin slowly hydrolyses indican, although the 
intensity of its action was only one-twentieth of that of Jndigofera 
enzyme preparations. Certain other details of this work are alluded 
to in connexion with the experiments described below. 

Hazewinkel, who investigated the subject in 1898, but did not 
publish his work until later (ibid., 1900, 2, 512), obtained inde- 
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pendently results of a similar nature to those of Beyerinck. By means 
of his enzyme preparation, which he describes as being perfectly white, 
he proved for the first time that indican is a glucoside of indoxy]l. 
Finding that emulsin also acted on indican solutions, he called the 
indican enzyme “indimulsin,” and considered that a 10 per cent. 
solution of sodium chloride is the best medium for dissolving the 
latter, A very interesting point which he mentions is that during 
fermentation no indican passes from the leaf into the surrounding 
liquid, a fact which he demonstrates in a very simple manner. 

The paper of van Romburgh (ibid., 1899, 2, 344) contains results 
practically identical with those described above. Allusion is also 
made to the insoluble character of the enzyme, and to the activity of 
emulsin with solutions of indican. 

Finally, Beyerinck (ibid., 1900, 3, 101) demonstrated that the 
ferment present in woad, Jsatis tinctoria, is not an indican enzyme, 
and is not capable of hydrolysing this glucoside. It reacts, however, 
with isatan, the peculiar indigotin-yielding principle of this plant. 

On the other hand, Bergtheil, without reference to the papers 
above discussed, states (Proc., 1904, 20, 139) that “the fermentation 
of the indigo plant has been ascribed to a bacterium and also to 
enzymes, but has never been satisfactorily investigated,” and that 
“the author shows that there are many bacteria capable of producing 
the fermentation, but it is, in the main, due to a specific enzyme 
occurring in the plant cells.” Again, in the ‘‘ Report on the Cultiva- 
tion and Manufacture of Indigo” (Rawson, 2nd edition, Calcutta, 
1907, p. 32), revised both by Rawson and Bergtheil, the statement 
occurs, “, . . the opinion was expressed that the active fermenta- 
tion... was brought about by enzymes?” ‘‘This ... has since 
been confirmed by much detailed work conducted by Mr. C. Bergtheil.” 
It thus appears that the claims of the latter author are still maintained. 

In many respects Bergtheil’s paper (Trans., 1904, 85, 877) covers 
ground already traversed by the Dutch chemists, Hazewinkel, 
Beyerinck, and van Romburgh, and has already been discussed to 
some extent by Gaunt, Thomas, and Bloxam (/oc. cit.). It is referred 
to again later in this investigation, mainly in connexion with experi- 
ments on the solubility of the enzyme. 

On the latter point, ter Meulen (Joc. cit.) is in agreement with the 
other Dutch work referred to above, as is evident from his statement 
(p. 470), “ L’enzyme de l’indigo est insoluble dans |’eau.” 
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EXPERIMENTAL. 


In the following fermentation experiments the enzyme was employed 
in the form o the purified leaf powder, and was prepared according tp 
the directions of Beyerinck. Such a procedure was adopted as being 
somewhat akin to the factory conditions, and because, although it was 
possible to prepare from the leaf product a liquid of some activity, 
this as exceedingly feeble when compared with the actual powder 
itself, and did not give a satisfactory result. An air-dried sample of 
the young leaves of J. arrecta was employed throughout as a source of 
this product, and the yield was from 6°5 to 7 grams of a pale yellow 
powder from 10 grams of the material. The preparation of the 
enzyme powder from the old leaves of J. sumatrana was also experi- 
mented with, but the product was more resistant to the action of 
the alcohol, and the coloured substances could only be removed with 
considerable difficulty. Under the best conditions, the method is 
tedious, and with J. arrecta one and a-half litres of alcohol had to 
be employed as a rule for the purification of 10 grams of leaf. We 
are indebted to Prof. Beyerinck for a small quantity of his enzyme 
powder ; this closely resembled our own specimens, and was exceed- 
ingly active. During the experiments recorded below, no special 
attempt was made to exclude bacterial action, for although in most 
instances this would be nullified by the temperature employed, the 
presence or absence of bacteria would little, if at all, affect the 
character of the results obtained. A difficulty not expected at first 
was due to the decay of the activity of the enzyme in the green leaf 
on long keeping, owing to the small amount of moisture there present, 
so that the preparations of the powder employed at the commence 
ment of the investigation were considerably more active than those 
made at a later period. On the other hand, some compensation for 
this oversight has been afforded by the character of the results given 
by the less active powder. 

In quantitative experiments on the hydrolysis of indican by the 
insoluble enzyme powder, special precautions are necessary on account 
of the oxidisable nature of the indoxyl produced and the difficulties 
of recovering any indigotin which thus separates. ter Meulen (lo. 
cit.), when investigating the.extent of the hydrolysis by means of the 
condensation of indoxyl thus formed with isatin in feebly alkaline 
solution, did not attempt a separation of the enzyme and colouring 
matter, but, adopting certain precautions, calculated his results 
by the total increase in weight thus given. This method, although 
illustrating in his case the desired results, a point which has bee 
previously discussed (this vol., p. 794) was not suitable in the present 
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instance, as it was necessary to ascertain, not only the amount, but 
also thepuri ty of the product obtained. 

To avoid oxidation of the indoxyl during the fermentation, the 
preliminary experiments were conducted in a flask through which 
carbon dioxide was passing, but as minute traces of air could not 
be thus excluded, and this exercised an appreciable effect during the 
rather long periods required for complete fermentation, hydrogen was 
eventually employed and rendered free from air by passage through 
alkaline pyrogallol solution. To prevent a possible introduction of 
alkaline spray into the fermentation vessel, plugs of cotton wool were 
used to filter the purified gas. 

In carrying out the operation the enzyme powder, ground into a thin 
cream with water, was introduced into a round Jena flask, the mixture 
made up to 500 c.c. by further addition of water, and then heated by a 
jacket of hot water to 45°, the temperature in all cases being noted 
bya thermometer placed in the flask itself. To remove air present 
in the water and adhering to the enzyme powder, the apparatus was 
evacuated, so that the mixture boiled vigorously, and a very slow 
current of hydrogen was subsequently passed for some time while the 
pump was still working, but finally much more rapidly. When air 
had been entirely removed, a stream of gas merely sufficient gently to 
agitate the enzyme powder was employed, and the solution of the 
indican (1 gram in 250 c.c.) was then introduced by means of a tap 
funnel. The reaction was at first most vigorous, and there was an 
almost immediate development of the deep green fluorescence so charac- 
teristic of indoxyl solutions. The inadvertent access of traces of air 
could always be detected by the formation of a faint coppery scum on 
the surface of the liquid, and whilst this was always present if carbon 
dioxide had been employed, it was scarcely ever to be noticed when this 
gas had been replaced by the purified hydrogen. As a rule, a 
faint trace of indigotin could always be detected in the enzyme 
powder at the conclusion of the experiment, and from this it could be 
removed by boiling acetic acid and estimated colorimetrically. The 
amount produced, however, during a well-conducted experiment was 
too trifling to merit consideration, as investigation showed that the 
quantity present did not average more than 0:2 per cent. 

At the conclusion of the operation the flask and its contents were 
cooled to 17°, the passage of hydrogen being still continued, and after 
standing for a short time to allow the enzyme powder to settle, the clear 
liquid was decanted into a measuring cylinder and the residue into a 
second similar vessel. The indoxyl solution at this temperature was 
much more stable and less prone to oxidation than was at first 
suspected, and was thus not difficult to manipulate. The quantity of 
liquid present in both cylinders was noted, allowance being made for 
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the enzyme powder, and 100 c.c.* of the clear solution were at ong 
removed for a determination of the indoxyl it contained in the form 
of indirubin. 

The process employed for this purpose consisted of introducing the 
100 ec. of liquid into a flask containing a boiling solution of 
0-1 gram of isatin and 20 c.c. of hydrochloric acid in 200 c.c.* of 
water through which carbon dioxide or hydrogen was rapidly 
passing. After digesting for twenty minutes, the mixture was 
allowed to cool, and the beautiful, crystalline precipitate of indirubin 
was then collected on a tared filter, washed with dilute sodium 
hydroxide and acetic acid, as in the isatin method previously described 
(J. Soc. Chem. Ind., 1907, 26, 4, 1174), and the product weighed and 
analysed by means of titanium chloride under the conditions given 
by Bloxam (ihid., 1906, 25, 735). Simultaneously with the above 
operation, 400 ¢.c.* of the clear indoxyl solution, diluted to 850 c.c,* 
of water, were heated to 60° by means of a water jacket, and oxidised 
simultaneously by the passage of air through the liquid. The 
indigotin thus produced is, at least in part, in a state of pseudo- 
solution, and to obtain a complete precipitation of the colouring 
matter the mixture was digested at the boiling point for a short time 
with 25 c.c. of sulphuric acid. Filtration even then was of a tedious 
character, and after washing with one per cent. sodium hydroxide 
solution, followed by 4 per cent. acetic acid, the product was weighed, 
and an aliquot portion sulphonated and analysed by the titanium 
method. 

Finally, to ascertain if the indican had been completely hydro- 
lysed by the enzyme, a third portion of the indoxyl solution was 
simultaneously oxidised by air, the indigotin completely precipitated 
by the addition of an excess of sodium sulphate to the mixture, and, 
after filtration, the clear liquid was treated with one or two drops of 
2 per cent. ammonium persulphate solution and dilute sulphuric acid 
(4 per cent.) and gently warmed. If indican was present, a blue tos 
faintish “green tint was produced, according to the quantity, and 
experiment has shown that it is possible to deteet one part of pure 
indican in 20,000 of water by this test. It should be remarked, 
however, that with the coloured leaf extracts of Indigoferae the 
reaction is far less sensitive. A second and somewhat more rapid 
method, due to Beyerinck (/oc. cit.), and also adopted by Bergtheil (Uoe. 
cit.), consists in oxidising the indoxy] solution in presence of a trace of 
ammonia, by which means the indigo separates in a more granular 


* These proportions of liquid were employed in each case, and to avoid repetition 
they are not again referred to in the paper. 

+ On the average four days were necessary, in order to determine the results of 
each fermentation experiment, 
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form, and after addition of a little hydrochloric acid in the cold, is thus 
more easy to filter. To be as far as possible assured of the absence of 
indican in the solutions of indoxyl which when tested in this manner 
had given a negative result, traces of indican were on certain occasions 
added to a fourth portion of the fermented liquid, but in all cases its 
presence could then be detected. The employment of titanium chloride 
for the analysis of the colouring matter was necessary, because the 
indigotin frequently contained some quantity of indirubin, and it has 
been shown by Rawson (J. Soc. Dyers and Colourists, 1899, 15, 130) 
that in this case erroneous results are obtained when potassium perman- 
ganate is employed. In the analytical operation, the titration with the 
titanium chloride was usually carried out in the presence of purified 
hydrogen instead of carbon dioxide, and as the colouring matter given 
by crystalline indican is so much purer than that prepared from the 
plant extract under these conditions, the solution of the sulphonic 
acid was at once treated with the requisite amount of sodium tartrate 
and titrated without previous purification. Probably a slight defect in 
the analytical results is occasioned by the presence of a trace of enzyme 
powder which is carried down in the colouring matter thus isolated, and 
although Gaunt, Thomas, and Bloxam (Joc. cit.) have shown that the 
indoxyl liquid can be filtered without apparent change by oxidation, 
and subsequently an elaborate apparatus for this purpose was devised, 
it was considered best to avoid any occasional risk of loss which might 
occur in this respect. It was ascertained that when traces of enzyme 
powder are heated with sulphuric acid, a pale brown liquid is formed, 
which on dilution is decolorised by the titanium chloride, but careful 
experiment has indicated that the colouring matter is not over- 
estimated by this cause to the extent of more than one per cent. 
Again, an analysis of the indoxyl solution which had been filtered 
through cloth by the aid of the pump is given below, from which it 
is certain that little or no decrease of yield occurs if the filtration is 
carefully performed. 

The following table illustrates experiments carried out by the 
methods just described, the indoxy]l solution being in this case oxidised 
without any previous addition of acid or alkali. 

In every case the persulphate test indicated the absence of the 
glucoside at the conclusion of the experiment, and the residual enzyme 
powder was still found to evince considerable activity. 

The results expressed in the table obviously show that whereas 
(a) the indoxyl solution decanted from the enzyme contains only 
93 per cent. of the theoretical amount, (4) that the quantity of 
indigotin obtained by oxidising this liquid with air represents again a 
considerably lower value. In considering the first point (a), it is 
evident that_even if the negative results of the persulphate test be 
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Indoxyl found, 
Enzyme expressed Indigotin 
Time Indican, powder, as indigotin,* found, 
in hours. grams. grams, Temp. per cent, per cent, 
50 _~ 
50 82°0 
50 — 
50 82°0t 
50 83°0 
380—32° 81°5 
30—-32 81°0 
30—32 790 


bo wo Dw bdo WS bo bb 


* In the estimation of indoxyl, according to the equation C,H,ON + C,H,0,N= 
H,O + C,gH,,0.N., the indirubin produced represents, of course, double the amount 
of indigotin which the indoxy] can theoretically yield. 

+t Fermented liquid filtered before examination. 


disregarded, any indican, presuming such was present, would, in 
addition to the indoxyl, be estimated as indirubin by the isatin 
method of analysis employed, so that the presence or absence of 
non-hydrolysed glucoside in the fermented liquid does not affect this 
part of the question. 

On the other hand, it seemed possible that this deficiency in the 
amount of indoxyl observed might be due either to its partial 
occlusion by the enzyme powder or to its conversion into secondary 
products. To decide this question, experiments were carried out by 
the following method. A fermentation of 1 gram of indican with 2 
grams of the enzyme was performed in the manner already detailed 
at 50° for two and a-quarter hours, and at the conclusion of the 
operation the mixture was treated in the presence of the hydrogen 
with 1 gram of isatin in 200 c.c. of water and 20 c.c. of hydrochloric 
acid. After a prolonged heating on the water-bath and subsequently 
cooling, the mixture of enzyme residue and indirubin thus produced 
was collected, washed, and dried, and, without removal from the filter 
paper, was extracted in a Soxhlet tube with boiling pyridine, which 
previous experiments (Trans., 1907, 91, 279) had indicated to be one 
of the best solvents for indirubin. The extract was evaporated toa 
small bulk, treated with boiling water, and again distilled until all 
pyridine had disappeared. When cold, the beautiful crystalline pre- 
cipitate of indirubin was collected on a tared filter, washed with 1 per 
cent. sodium hydroxide solution, weighed, and analysed by the titanium 
method (/oc. cit.) : 


Found, indoxyl, represented as indigotin = 96°5 per cent. 


In a second experiment, acetic acid was employed for the extraction 
instead of pyridine, but the operation in this case was of a tedious 
character : 

Found, indoxyl], represented as indigotin= 96 per cent. 
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To complete the series an estimation of the indoxyl present after 
fermenting with the same proportions of glucoside and enzyme for five 
hours at 30° was carried out : 

Found, indoxy], represented as indigotin = 97 per cent. 

It was noted that during this method of analysis no loss of indirubin 
took place, although it was observed that when treated with sodium 
hydroxide solution a trace of brown matter was removed from the 


crystals. 
Evidently, therefore, from 3 to 4 per cent. of the indoxyl had been 


oecluded by the 2 grams of enzyme powder under the above conditions, 
and thus the rather low percentage of indoxyl (93 per cent.) present 
in the fermented solution was in part accounted for. 

As a final confirmation of this occluding property of the enzyme 
powder, the effect of larger amounts of this material was studied, 
employing the above method of analysis : 


When 1 gram of indican and 4 grams of enzyme powder were allowed 
to react at 50° for four hours, the decanted liquid contained indoxy], 
represented as indigotin = 89 per cent. 

1 Gram of indican and 8 grams of enzyme powder at 50° for four 
hours gave in a similar manner indoxyl, represented as indigotin 
= 82:5 per cent. 


No further proof of this point was therefore necessary. 

These experiments therefore have accounted for 96 to 97 per cent. of 
the indican employed in the fermentations enumerated in the above 
table. From 3 to 4 per cent. of this colouring principle has thus 
undergone change into a product incapable, either by condensation 
with isatin or by oxidation, of giving either indirubin or indigotin in 
the usual manner. This loss may be represented to some extent by 
the brown impurity which contaminates the indirubin, and it was also 
noted that at the conclusion of the fermentation experiments the 
enzyme powder, originally of a pale yellow, then possessed a perceptible 
brown tint. 

The most interesting point, however, arising from the experiments, 
and quite unanticipated, is the low yield of indigotin (88 per cent. 
approx.) obtained from the indoxyl actually present in the liquid by 
oxidation with air. As already pointed out, the persulphate method had 
indicated the absence of non-hydrolysed indican, but as the matter was 
so peculiar, a further test in this respect was employed. An indoxyl 
solution was oxidised with air as above, and the mixture was divided 
into two portions, the first of (a) which was proceeded with as usual 
and the indigo collected and analysed. To the second (6), at the boil- 
ing point in absence of air, 0°05 gram of isatin and 20 ¢.c. of hydro- 
chloric acid were added, and the digestion continued for twenty 
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minutes with the object of converting indican, if present, into 
indirubin. The results : 

Found, indigotin a = 89°2, 6 = 85:8 per cent. 
pointed clearly to the fact that an appreciable quantity of indican* 
did not exist in the fermented solutions, and that by addition of isatin 
the yield is less than usual. A second point suggested itself as 
possible, although most unlikely, and this was that indican, if present, 
might suffer alteration by the action of the air during the oxidation 
~ at 60°. This was, however, not the case, for equal quantities of a 
solution of the glucoside gave (a) before treatment with air, 
0°1746 gram, and (6) after this operation 0°1720 gram indirubin, 

Finally, experiments were made according to the method employed 
by ter Meulen (Joc. cit.), in which the condensation of indoxyl with 
isatin is effected in feebly alkaline solution. These, carried out with the 
fermented liquid, were, unfortunately, not successful, as they yielded 
a smaller amount of indoxyl than that of the indigotin actually 
obtained from it, so that the details given in his paper are either not 
sufficiently clear or have been misunderstood by us. 

In considering the deficient yield of the indigotin produced as above, 
after a minute examination of the process employed, attention was 
directed to the aqueous filtrate obtained when collecting this colouring 
matter. This acid liquid was invariably of a dull yellow colour, and 
although it was suspected at first that the tint had originated from 
the enzyme powder, blank experiments gave in this respect a negative 
result, and, moreover, when the original indoxyl solution had been 
filtered from the trace of insoluble enzyme, the yellow liquid was still 
produced. To account for this peculiarity, the presence of isatin 
suggested itself and an ethereal extract of this acid solution was 
examined. On evaporation, the residue consisted of a small quantity 
of a dull brownish-yellow resin, somewhat resembling the readily 
soluble, varnish-like compound which is formed to a small extent 
when indican is treated with boiling acid, and which is described in 
the preceding paper (this vol., p. 804). From this, however, the 
thiophen reaction could not be produced. 

Again, some portion of the loss is probably accounted for by the 
fact that the indigo thus produced is contaminated with a trace of 
brown substance which is partly soluble in dilute alkali. The 
presence of this product was demonstrated by extracting some 
quantity of the crude colouring matter, prepared in a special experi- 
ment, with pyridine. To remove indirubin, which was also present, 
the liquid was treated with ether and then with an equal volume of 

* Theoretically (compare Croft Hill, Trans., 1898, 73, 634), the presence of non- 


hydrolysed indican would be anticipated, but at the dilution employed the amount 
is evidently quite negligible. 
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water. As a result, the ethereal layer was red coloured, and the 
aqueous solution possessed a decided brown tint, due to the impurity 
in question, but it was evident that the latter was present in but small 


amount, 
Oxidation in Presence of Ammonia. 


The oxidation of the fermented plant extract in the presence of 
ammonia was patented by Michea in 1876 (Rawson, Report on the 
Cultivation and Manufacture of Indigo, 2nd edition, 1907), is 
mentioned as beneficial by Georgewics (Der Jndigo, 1892, 16), the 

int has been discussed by Rawson (J. Soc. Dyers and Colourists, 
1899, 15, 173). Beyerinck (Proc. K. Akad. Wetensch. Amsterdam, 
1899, 1, 120) employed ammonia to facilitate the oxidation of 
the indoxyl, and mentions that the activity of the indigo enzyme 
is thus quickly destroyed, and a similar statement is given by 
P. van Romburgh (ibid., 1899, 2, 344). The more general em- 
ployment of ammonia in India as an assistant in the factory 
oxidising process has resulted from the work of Rawson (oc. cit.), 
and its use in conjunction with the steam injector blower con- 
stitutes the most important improvement which he has recommended 
to the notice of the indigo planters. By the employment of this 
method, Rawson obtained increases in the yields of indigo varying 
from 24'1 to 63°8 per cent., and considers that the average increase in 
the colouring matter is about 34 per cent. as compared with that 
given by the ordinary oxidising process. 

The following are the results which have been obtained by oxidising 
the fermented solution from pure indican with addition of varying 


quantities of ammonia. 
Indoxy] 
expressed V/2-Am- 
Time, Indican, Enzyme, as indigotin, monia, Indigotin, 
in hours. grams. grams. Temp. per cent. c.c. per cent. 
86°0 
6 86°5 
86°0 
86°0 
85°0 
82°5 
80°5 


If these figures are compared with those above given in the first 
table, it is evident that by the use of small quantities of ammonia 
during the oxidation process an increased amount of about 4 per cent. 
of indigotin is obtained. On the other hand, with more ammonia, the 
yield of indigotin is as low or even lower than that given when 
oxidation is carried out in the absence of this reagent. The effect, 
again, is not comparable with the striking results found by Rawson, 
and the behaviours of indoxyl produced from pure indican and indoxyl 
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in presence of the indigo plant extract evidently vary considerably in 
this respect. The 4 per cent. larger yield recorded above is interesting 
in the light of the earlier experiments carried out under similar 
conditions of fermentation, but without ammonia in oxidising, as it 
affords a further proof of the conversion of indoxyl during oxidation 
into substances other than indigo. 

The colouring matter thus obtained contains some quantity of 
indirubin, but this was only to be expected, as it is well known that 
the fermented plant extract when oxidised in the presence of ammonia 
and alkalis gives an indigo containing an appreciable amount of this 
red dyestuff. On the other hand, earlier experiments (Trans., 1907, 
91, 279) indicate that few, if any, samples of natural indigo are devoid 
of traces of this compound. 


The Effect of Pure Oxygen. 


The following experiments illustrate the effect of pure oxygen on 
the fermented liquid in the presence and absence of ammonia. 


Indoxyl NV/2-Am- 
Time, Indican, Enzyme, as indigotin, monia, Indigotin, 
inhours. grams. grams. Temp. per cent. 26. per cent, 
23 1 2 50° 
24 1 2 50 
2} 1 2 50 


Thus the employment of pure oxygen with the neutral solutions of 
indoxyl gives 3 to 4 per cent. less colouring matter than is obtained 
when air alone is employed, whereas in presence of ammonia the yield 
is but little affected. These results are most probably accounted for 
on the assumption that some isatin is produced during the oxidation 
which in the first case is lost, but in the latter, owing to the presence 
of ammonia, condenses to form indirubin. In support of this 
suggestion the colouring matter from this ammonia experiment on 
analysis was estimated to contain approximately 9 per cent. of indigo- 
red. 


Oxidation in Presence of Lime-water. 


The employment of lime during indigo manufacture, both in the 
fermentation and oxidation vats, in order to effect the more ready 
precipitation of the colouring matter has long been known, and in 
Crookes’ Handbook of Dyeing and Calico Printing (1874, 451) is 
mentioned in connexion with Chinese indigo, and also in regard to the 
Manilla variety. More recently it has formed the essential feature of 
the Coventry process in India, and is added to the fermented liquid ' 
before oxidising in a special vat. A considerable quantity of mineral 
matter derived from the plant is thus precipitated, and the clear liquid 
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is readily susceptible to oxidation. Rawson (Joc. cit.) has stated that 
by this process in the laboratory the average increase in the yield of 
colouring matter is 18:2 per cent. Experiments on this point, 
employing indican, gave results closely resembling those obtained 
with ammonia as regards the percentage of indigotin to the indoxyl 
produced. The low yield of indoxyl recorded in experiment (A) is 
due to a cause which will be discussed later. 
Lime- N/2-Am-  Indoxyl 

Time, Indican, Enzyme, water, monia, as indigotin, Indigotin, 

inhours. grams. grams. C.c. C.c. per cent. per cent. 

A { 7 4 1 87°3 81°5 

74 1 2 — 81°3 

B 23 1 92°0 77°0 

For the purpose of comparison the oxidation of a portion of the 
same fermented liquid in presence of ammonia was carried out, and 
the results are in this case best understood by comparing the 
percentage of indigotin found to the indoxyl actually present before 
oxidation. 

As was previously shown to be the case with ammonia, an excess of 
lime-water is thus detrimental. The statement of Rawson (loc. cit.), 
that the reagent is best added to the fermented solution until a faint 
alkalinity is observed, is borne out by these results. As is well 
known, the “ Coventry ” indigo contains much indirubin, and this was 
the case with regard to the samples prepared under the above con- 
ditions. 


Effect of Potassium Acetate during Oxidation. 


It was considered possible that the presence of this salt might 
facilitate oxidation of the indoxyl, but experiment showed that it 
exerted, however, a remarkable contrary effect. 

; Potassium Indoxyl 

Time, Indican, Enzyme, acetate, asindigotin, Indigotin, 

inhours. grams. grams. Temp. grams. percent. per cent. 
2 50° 0°88 87°5 69°5 
2 50 5:0 — 71°0 
2 50 50 — 71°5 

This low yield of indigotin was accounted for by the appearance of 
the filtrate obtained from it, which possessed a rich dichromate colour 
ineach experiment. This point will be further investigated as soon 
as opportunity arises. 


The Employment of Sodium Nitrate during Fermentation. 


The addition of Chili saltpetre to the fermentation vat has been a 
custom among Indian planters for some time past, and Rawson ((oc. 
cit.) states that although no increase of the colouring matter is thus 
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produced in the oxidation vat, the precipitate settles better, and is 
more easily collected. An experiment in which 1 gram of indican was 
fermented with 2 grams of enzyme at 50° for two and a-quarter 
hours in presence of 5 grams of sodium nitrate under the usual cop. 
ditions, gave: 
Indoxyl, as indigotin=93 per cent. Indigotin=81 per cent. 

results closely similar to those given above, which were obtained 
without the employment of this chemical. 


Fermentation in Presence of Acid. 


According to Beyerinck (/oc. cit.), great attention should be paid to 
the degree of acidity of indican solutions which are undergoing 
fermentation, and he states that the most favourable result is obtained 
when 0°5 c.c. of normal acid is added to 1000 c.c. of the liquid. On the 
other hand, with 2 c.c. of the acid the enzyme action is notably 
slackened. Bergtheil (loc. cit.) considers that the action proceeds 
quite normally in presence of 0°01 or 0:005 per cent. of hydrochloric 
acid in the case of the plant extract. 

The following are the results of experiments in which sulphuric 
acid was added to the fermentation mixture. The indoxy] solution 
was subsequently rendered alkaline with ammonia to the same 


extent (18 c.c. of WV/2-ammonia) as before and then oxidised. 


Indoxyl 
NV/10-Sulphuric expressed 
Time, iIndican, Enzyme, acid, asindigotin, Indigotin, 
in hours. grams. grams. Temp. c.c. per cent. - per cent. 
54 1 2 50° 3°7 94°5 89 
5h 1 2 50 3°7 95°0 90 

It was thus evident that by the employment of this small amount 
of acid under the conditions given above, an increase of colouring 
matter is obtained, and this is probably due to the fact that 
the acid tends to inhibit the conversion of indoxyl into secondary 
products, and to some extent prevents its occlusion by the enzyme 
powder. There is no doubt that acid solutions of indoxy] are less 
prone to oxidation, and experiment has indicated that the cold, 
moderately acid liquids are of a comparatively stable nature, as, 
indeed, the work of Beyerinck (oc. cit.) also shows. 

These points received confirmation in the following manner. In an 
experiment carried out exactly as above, and when the fermentation 
had proceeded for five hours, a further quantity of 10 c.c. of the acid 
was added to the mixture and the process continued for fifteen 
minutes longer. The indoxyl was determined as indirubin, and the 
yield was 99°5 per cent. of the theoretical quantity. 
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The indoxyl, therefore, in the form of its sulphate is not occluded 
by the enzyme powder, and in the presence of the 3:7 c.c. of the acid 
under the above conditions was not appreciably destroyed by secondary 
change. 

Oxidation in Presence of Acid. 

Having previously obtained a favourable yield of indigotin (this 
vol. p. 802) by the simultaneous hydrolysis of indican with hydro- 
chloric acid aud oxidation with air (93°5 per cent.), experiments on 
the aerial oxidation of the acidified fermented liquid were carried 
out. The results are expressed as the amount of indigotin obtained 
in proportion to the indoxyl actually present in the solution, and 
the quantities of hydrochloric acid (33 per cent.) employed were 
respectively (a) 3:0 per cent. and (6) 0°28 per cent. : 

Found, indigotin («) =91, (6) =91°7 per cent. 

Within these limits the proportion of acid present in the solution 
during oxidation somewhat improves the result, and the yield of 
colouring matter is very similar to that produced (approx. 92°5 per 
cent.) when a small amount of ammonia is thus employed. In the 
presence of acid, however, a prolonged oxidation is necessary, and 
it is to be remarked that the product contains some quantity of 
indirubin together with a brown impurity. 


Effect of Temperature during Oxidation. 


It was evident that when a solution of indoxy] is oxidised by air at 
60° an amount of colouring matter considerably lower than that 
required by theory is produced, and as it was possible that this effect 
might be the result of the temperature employed, an oxidation was 
carried out at 30°. Two grams of indican and 4 grams of the enzyme 
were allowed to react in the usual manner for seven hours at 50°. A 
portion of the indoxyl solution (a) was oxidised at 30° without 
addition of ammonia for three and a-half hours, and (0) for purposes 
of comparison a second quantity of the same liquid was treated with 
ammonia and oxidised as usual at 60°: 

Found, indoxyl, represented as indigotin =90. Found, indigotin 

(a) =80, (0) =83°5 per cent. 

There was accordingly scarcely any perceptible difference between 
this result of an oxidation of the indoxyl solution at 30° and those 
previously obtained by the employment of the higher temperature. 
If anything, the proportion of indigotin to indoxyl produced at the 
lower temperature is less than usual, but when compared with the 
colouring matter produced by the alkaline oxidation at 60° the pro- 
portions are, on the other hand, very similar to those given in former 
experiments, 
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Prolonged Fermentation. 


The tendency of the fermented plant extract, if kept before oxida. 
tion, to suffer a loss of indoxyl is well known. Rawson (loc. eit.), for 
instance, states, ‘‘ Under such conditions there is always a loss of 
colouring matter,” and “a loss of 7 per cent. took place in threg 
hours, and as much as 16 per cent. on standing six hours.” “ When 
using the hot water process . . . the liquid should almost always be 
immediately oxidised, otherwise changes rapidly take place, resulting 
in the loss of much colouring matter.” 

As previously suggested, the behaviour of a solution containing 
almost pure indoxyl and a fermented plant extract may exhibit 
considerable differences on account of the numerous impurities present 
in the latter, so that it was interesting to study this point with the 
pure glucoside. 

One gram of indican and 2 grams of enzyme were digested together 
under the usual conditions for ten hours, and the indoxy] in the clear 
liquid determined as indirubin : 

Found, 86:5 per cent. 

The average result, as above stated, is 93 per cent. in a rapid fer- 
mentation, so that the loss of indoxyl thus occasioned is approximately 
6'5 per cent. 

To ascertain the total quantity of indoxyl present in the mixture, 
some of which as previously shown is occluded by the enzyme powder, 
a second similar experiment was carried out, and the whole product, 
including the powder, then treated with isatin and acid as has been 
described earlier in the paper. The insoluble matter was collected, 
the indirubin isolated by means of pyridine, and analysed: 

Found, 90 per cent. 

In a ten hours’ fermentation, therefore, the actual loss of indoxyl 
was 10 per cent. 

To obtain further evidence on this point, a fermentation was allowed 
to proceed for thirty hours at 50°, and in this case, not only the 
indoxyl, but the yield of indigotin produced from it was also 
ascertained by oxidation in the presence of ammonia : 

Found, indoxyl as indigotin=76°5. Indigotin=71 per cent. 


At the conclusion of this operation the enzyme powder possessed a 
dark brown colour, and the acid filtrate from the indigo had a deep 
reddish-brown tint, and resembled in appearance a strong aqueous 
solution of isatin. The colouring matter also yielded to dilute alkali 
a larger quantity of a brown impurity than usual. 

Finally, to determine if indoxyl solutions were stable at the ordinary 
temperature (15° approx.), a fermentation experiment was carried out 
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at 50° with 1 gram of indican and 2 grams of the enzyme. After 
hydrolysis was complete, the mixture was then kept at 15° in an 
atmosphere of hydrogen for twenty-one hours, In this case the 
liquid was oxidised by air in the absence of ammonia : 

Found, indigotin = 79 per cent. 

As indicated by earlier experiments, the yield of colouring matter 
in ordinary circumstances would average 82 per cent. Indoxyl 
solution at 15° in absence of air is thus fairly stable, the loss on 
keeping for twenty-one hours being in this case but 3 per cent. 
approximately. 

In connexion with this portion of this subject, the decay of the 
activity of the enzyme in the air-dried leaf previously alluded to can 
be discussed. This is also accompanied by a slow disappearance of the 
indican present, which has been referred to in the preceding paper 
(this vol., p. 805). 

The earliest preparations of enzyme powder were made during 
October, 1907, from leaf received from India in May, and these were 
the most active, as 2 grams of the material were capable of hydrolysing 
oe gram of indican in at least two hours. A considerable quantity of 
the powder was prepared at, or about, that period, but later samples 
made from the same leaf in May, 1908, showed that a deterioration of 
the activity had occurred, and that for hydrolysis under the same con- 
ditions about five and a-half hours were necessary. Finally, enzyme 
powder made in October, 1908, again from the same leaf, exhibited a 
further diminution of activity, for, employing this, seven and a-half 
hours were required before the hydrolysis was concluded, On the other 
hand, the enzyme powder preparations after drying did not themselves, 
as was to be expected, exhibit any loss of hydrolytic power on keeping. 

Certain of the experiments illustrating these points are interspersed 
among the results already given, and it will be only necessary to allude 
to those obtained with the least active enzyme preparations, as it is 
thus shown that during the longer period which was necessary for the 
complete hydrolysis a loss of indoxyl, has taken place. For the pur- 
poses of comparison, an experiment (A) with a more active powder is 


appended, 
Indoxyl 
expressed NV/2-Am- — Indigotin 
Time, Indican, Enzyme, as indigotin, monia, found, 
inhours. grams. grams. Temp. per cent. C.C. per cent, 
1 2 50° a 18 86°0 
1 2 50 : —_ — 
(4) 1 2 50 ‘ none 78°5 
1 2 50 . 18 81°3 
1 2 50 ‘ — — 


It is interesting to note that although it is evident that these pure 
solutions of indoxyl gradually decay under the above circumstances, 
VOL. XCV, 31 
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the losses produced are not so severe as those found by Rawson 
(loc. cit.) to occur with the much more impure fermented indigo plant 
extract. On the other hand, Rawson’s figures represent the disappear. 
ance of the colouring principle when the solution has been kept after 
fementation, and do not refer to those taking place during the fer. 
mentation itself. There can be no reason to suppose that the dis. 
appearance of indoxyl only commences when the final trace of indican 
in the liquid has undergone hydrolysis, or that any prevention of this 
indoxyl decay is afforded to its solution by the presence of the still 
active enzyme in the accompanying leaf debris. It is evident that 
the tendency of indoxyl to behave in this manner is one of its 
inherent properties, and that the slow change or condensation which 
takes place, resulting in the formation of a product incapable of 
giving indigotin by oxidation, will commence to occur at the moment 
of its liberation from the indican. ‘This point is not suggested to be 
novel, but, on the other hand, the statements of Bergthiel (loc. cit,, 
p. 879), “a decrease in the amount of indigotin obtainable . . . . takes 
place if the fermented solution is allowed to stand after fermentation 
is complete,” * and also that of Rawson (loc. cit., p. 58), “The 
liquid after steeping deteriorates on standing,’ do not leave one to 
infer that this change will also occur during fermentation. As 
regards the much greater disappearances of indoxyl observed by these 
authors in connexion with the plant extracts, and those recorded as 
occurring with the fermented solutions derived from pure indicaa, it 
suggested itself at first that these might probably owe this increased 
loss to a condensation of indoxyl with ketonic or aldehydic substances 
derived from the plant itself, but there is evidence that such a 
reaction does not take place, at least, to any great extent, and that 
the effect in question is due to other causes. 


The Solubility of the Enzyme. 


Bergtheil (loc. cit.) considers that the insolubility of the enzyme as 
contained in the leaf of J. sumatrana arises from the presence of tannin 
(compare Brown and Morris, Trans., 1893, 63, 604, and Mann, J. 
Asiatic Soc. Bengal, 1901, 70, 154) and states that by the aid of hide 
powder he was enabled to obtain “‘a very active solution of the 
enzyme.’ The matter has been discussed by Gaunt, Thomas, and 
Bloxam (loc. cit.), who have pointed out that Bergtheil’s product is not 


* This point is illustrated by Bergtheil (Joc. cit.), who obtained, after a 20 hours’ 
fermentation of a sample of plant extract, the reaction being then complete, 0°096 
gram of indigotin. On allowing a portion of the same solution still containing the 
enzyme to remain for 16 hours longer, the yield was 0°0547 gram of indigotin, 
representing a loss of nearly 40 per cent. 
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true solution, as the enzyme present is entirely removed by a 
Berkfeld filter. Bergtheil (J. Soc. Chem. Ind., 1907, 26, 70) admits 
this to be the case, but states that his liquid may be termed a “colloid 


glution.” On the other hand, Bergtheil, in his original communica- 
tion (Joc. cit.), does not record any examination of the leaves of 
L sumatrana or J. arrecta for tannin, and as the results of tannin 
analyses of these materials given in a paper by Perkin and Bloxam 
(Trans, 1907, 91, 77) did not give a certain indication of this sub- 
stance for reasons there stated, the presence or absence of tannin in 
these leaves had yet to be decided. 

The experiments carried out in this investigation have had as their 
starting point the purified enzyme powder as prepared by the Dutch 
chemists (Joc. cit.), and any tannin matter, if originally present, would 
be eliminated during the repeated extraction of the material with 
alcohol. When shaken with water, this enzyme powder could be freed 
only with difficulty from adherent air particles, but this was overcome 
by evacuating the Hask which contained the mixture. By operating 
in this way at the ordinary. temperature and at 50°, but without 
adopting precautions to exclude bacteria, and subsequently filtering 
through paper, active liquids were produced. These products had not 
the characteristics of true solutions, as their activity could be 
diminished considerably by refiltrations through ordinary filter paper, 
and, again, when the solutions were examined by strong sunlight the 
presence of very minute particles in suspension could be observed. 

For the purpose of a fermentation. experiment, a quantity of the 
enzyme powder was extracted with 600 c.c. of water at 50° with 
evacuation of air, and the liquid was then decanted and filtered twice 
through ordinary filter paper. The whole of the extract was employed 
for the hydrolysis of one gram of indican at 50°, and, after a digestion 
for seven and a-half hours, the following result was obtained : 

Found, indoxyl expressed as indigotin=88 per cent. Found, 
indigotin = 74 per cent. 

here was every evidence that the reaction took place much more 
slowly than had been the case when the enzyme powder had been 
employed, and there could be no doubt that the liquid was of an 
extremely feeble character by comparison. The result indicates that 
even after this lengthy period of incubation, the hydrolysis of the 
glucoside was still incomplete, and again it has been shown that a 
‘atisfactory yield of colouring matter cannot be obtained owing to the 
disappearance of indoxyl unless the reaction takes place rapidly. It 
is quite possible that by treating very large quantities of the powder 
with water in the above manner, more active liquids might be pro- 
dueed, but the difficulties involved in the preparation of any great 
amount of this material did not render further investigation of this 

312 
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point worth while. Our results, therefore, are in harmony with thoy 
of the Dutch chemists, in that it is not possible to obtain a try 
solution of the indigo enzyme. 

A point of interest arising from the above experiment is the fag 
that on washing with dilute alkali, the usual small quantity of brow 
matter was removed from the indigo thus obtained, from which jt 
appears that this can only be of an indoxylic character and ig yy 
derived from the enzyme powder. 


The Oxidation of Solutions of Synthetic Indoxyl. 


We are much indebted to the firm of C. A. F. Kahlbaum, in Berliy, 
for an attempt, at our request, to prepare a sample of indoxy] for the 
purposes of this investigation ; unfortunately, however, owing to th 
unstable nature of the substance, they found themselves after experi 
ment unable to comply with our wish. On the other hand, they wey 
good enough to present us with 5 grams of crude indoxylic acid, with 
which the following experiments were carried out. 

It is well known that on boiling an aqueous solution of indoxyli 
acid decomposition ensues with formation of indoxy], and this process 
was now carried out in an atmosphere of hydrogen. After cooling 
the fluorescent liquid was filtered, and this could be conducted at th 
ordinary temperature without apparent loss. The first experiment 
on the oxidation of this solution were unsatisfactory, because it wa 
found that, in addition to indoxyl, unchanged indoxylic acid wa 
present in small amount, and this was indicated by the extreme 
dark brown liquid which was produced when the oxidised liquid was 
boiled with dilute acid and filtered. 

It was ascertained, however, that if the solution given by indoxyli 
acid was treated at 60° with ammonia at the concentration indicatel 
below, it was entirely converted into indoxyl, for when the colour 
matter produced by oxidation with air was collected, the clear filtraté 
gave no coloration with persulphate and acid. 

In order to study quantitatively the yield of colouring matter gival 
by the indoxyl when oxidised by air in presence of ammotis 
1 gram of the indoxylic acid was treated with 500 c.c. of water 
and the mixture heated in absence of air to 90° for half an hou) 
When cold, the product was filtered and the liquid diluted to 600« 
and 100 c.c. then withdrawn and analysed by the isatin method. 4 
a result, the amount of pure indirubin obtained from the latter ¥ 
0:0735 gram, which represented an indigotin value of 0°03675 gr 
for the 100 c.c. of liquid. 

Four hundred c.c. of the same solution, diluted to 850 c.c. and trealé 
with 18 c.c. of N/2-ammonia, on oxidation with air at 60° 
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indigo, which on analysis was found to represent 0°1363 gram of pure 
colouring matter. The indigotin value of this quantity of liquid being 
01470 gram, the yield thus obtained was 92°8 per cent. 

A second experiment, employing 0°6 gram of the indoxylic acid, was 
carried out in a similar manner, with the exception that the decom- 
position was effected at the boiling point and not at 90°. The 
indigotin value of the solution was in this case 0°0990 gram, whereas 
the pure colouring matter formed by the oxidation was 0:0905 gram. 
Yield 91°5 per cent. The average of these two results is 92°15 per 
cent., and this figure is practically identical with those given by 
the ammoniacal oxidation of indoxyl produced by the hydrolysis 
of indican by means of the enzyme, which have been enumerated 
above. 

The loss occasioned by the oxidation of the synthetical indoxyl was 
to be accounted for by the coloured appearance of the indigo filtrate, 
and by the fact that the colouring matter thus obtained contained a 
smali amount of a brown compound. There can be no doubt, therefore, 
that under these conditions it is not possible to obtain a theoretical 
yield of indigotin from indoxy]. 

Experiments on the oxidation of indoxyl derived from indoxylic acid 
by means of air in the absence of ammonia did not give a satisfactory 
result, on account of the difficulty of completely decomposing this 
acid by digesting its solution at the boiling point. After two 
unsuccessful trials, which gave very imperfect yields of indigo,* it 
semed possible that by the addition of ammonia to the mixture 
after the usual period of oxidation the unattacked indoxylie acid 
would be thus decomposed and a better result might be obtained. 
Remarkably enough, no improvement was found to be effected in this 
manner, and it thus seems certain that when a solution of indoxylic 
acid is oxidised with air at 60°, it is converted, at least in part, into a 
substance other than indigotin, and in this respect resembles indoxy] 
itself. It was observed, for instance, that when the ammonia was 
added in the manner above indicated a rich brown colour was produced 
in the supernatant liquid, and this it appeared could only be due to 
some compound derived from the indoxylic acid. Owing to lack of 
material this interesting point has not up to the present been further 
examined, 

Preliminary experiments have been carried out on the fermenta- 
tion of the aqueous extract of J. swmatrana by means of the enzyme 
powder, with the result that up to the present the yield of colouring 
matter has been much lower than that given by pure indican 
itself. A definite statement on this point is, however, reserved until a 
more elaborate study of the matter is possible, because, not only are 


* The yields of indigotin thus obtained were respectively 47 and 48 per cent. 
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the necessary operations more difficult to carry out than those With 
pure indican, but also because a new supply of freshly-gathered Jeg 
will be essential for this purpose. 

In conclusion, it may be said that details of the analysis, such ag the 
weights of the colouring matter obtained and the purity of the 
products, have been omitted from this paper on account of their ming 
interest. The analyses in every case have been performed in duplicate, 
and the methods rigidly standardised by means of the chemically-pur 
dyestuffs, and although it has been pointed out that the results ar 
probably a little too high, it will be evident that as the same method 
has been employed under identical conditions for the analysis of both 
indigotin and indirubin, the relationship of the figures to one another 
will be very closely correct. Certain points of considerable importance, 
such as the effect of organic acids on the fermentation process, have 
not as yet been studied, but these will be undertaken as soon as 
opportunity occurs. 

Summary. 

The results of this investigation show that when pure indican js 
hydrolysed by its specific enzyme, indimulsin, and the indoxyl 
solution thus o tained is oxidised with air, considerably less than a 
quantitative yield of indigotin admixed, or otherwise, with indirubin 
is thus produced. 

This is partly explained by the fact that the solution of indoxyl, 
even in an atmosphere of hydrogen, is not stable, but is slowly 
converted into a product which is incapable of yielding indigotin on 
oxidation. This property, which may be referred to as the “ decay” of 
indoxyl, can even be observed if the enzyme hydrolysis has been rapid, 
but its effect is much more evident when, owing to the feebler activity 
of the indimulsin, a longer period has been required to complete the 
reaction. 

If, however, a small quantity of sulphuric acid is added to the 
mixture at the commencement of the fermentation, this “decay” of 
indoxyl is avoided to a considerable extent, and the acid, moreover, 
has a further beneficial effect in that it prevents the occlusion of 
indoxyl by the enzyme powder, which otherwise always occurs. 
Beyerinck (/oc. cit.), it is worthy of note, has stated, in reference to 
the purified plant extract, that in the presence of a minute quantity 
of acid the enzyme hydrolysis proceeds more rapidly, and this is 
considered by him to be a point of much importance. Somewhat 
remarkable is the secondary reaction which occurs simultaneously 
with the production of the colouring matter when the indoxy] solution 
is oxidised by air, and this, as the experiments have illustrated, is 
to a considerable extent responsible for the deficient yield above 
referred to. 
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On the other hand, Baumann and Tiemann state (Ber., 1880, 13,414) 
that indoxyl is quantitatively converted into indigotin by means of 
oxidising agents. Unfortunately, the experimental details are not 
given in their paper, but as at that time no trustworthy methods had 
heen devised for ascertaining the purity either of indoxyl or of the 
indigotin derived from it, their opinion on this point cannot be con- 
sidered correct. 

In regard to the chemical nature of the change which takes place 
during the “decay” of indoxyl, or of the secondary reaction which 
occurs during the oxidation of its solution by means of air, there is as 
yet no certain evidence. The isolation, however, of substances which 
in character resemble indoxyl-brown or indigo-brown, although but in 
small amount, indicates the effect, at least in part, of a condensation 
similar in character to that which is involved in the production of the 
former product. It is interesting to note that whereas this secondary 
change is greatly facilitated by the presence of potassium acetate 
during the oxidation, it is retarded by the addition of a small quantity 
of ammonia or lime-water, and the best yields of colouring matter are 
consequently given when the indoxy] solution previous to oxidation is 
treated with the latter reagents. 

It seems possible that this peculiar behaviour of indoxyl may be due 
to the existence of one of its tautomeric forms, and that, for instance, 
pseudo-indoxyl is responsible for the by-products under discussion, and 
that these are formed while indigotin is being simultaneously produced 
from indoxy] itself. Another feature of the oxidation is the formation 
in certain circumstances of some quantity of indirubin, and it is well 
known that this occurs during the manufacture of natural indigo when 
the fermented plant extract is oxidised under slightly alkaline con- 
ditions. A similar result has been obtained in these laboratory 
experiments with the purer indoxy] solutions, and, peculiarly enough, 
it has also been found during the preceding investigation (/oc. cit.) 
that oxidation in the presence of acid has a similar, although perhaps 
more strongly marked, effect. 

For the formation of indirubin, isatin is necessary, and as it can 
hardly be presumed that the latter substance is derived from the 
indigotin at first produced by further oxidation with the air, it 
originates without doubt directly from indoxy] itself. It has, in fact, 
been shown by the Badische Anilin- und Soda-Fabrik (D.R.-P. 107719) 
that by means of suitable oxidising agents, not, however, including air, 
indoxyl can be converted into isatin without a previous formation of 
indigotin, and a peculiar instance of this effect has recently come to light 
and is described in the following communication (this vol., p. 847). 

As a result, therefore, of the employment of acid during the enzyme 
hydrolysis of indican, and oxidation of the resulting indoxyl solution 
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under the feebly alkaline conditions given above, the best yields of 
colouring matter have been obtained. On the other hand, it has not 
been found possible either with synthetical indoxyl or indoxy] derived 
from indican to obtain a quantitative yield of pure indigotin or of ap 
admixture of this colouring matter with indirubin. Preliminary 
experiments on the production of indigo from an aqueous extract of 
the leaves of J. swmatrana, dnd employing enzyme hydrolysis, have, as 
yet, given results of a far from quantitative character, but the matter 
is still under investigation. There is, however, evidence from the 
results of Rawson and also of Bergtheil (oc. cit.) that in the case of 
the fermented plant extract a more rapid decay of indoxy]l takes place 
than is observed under laboratory conditions with the purer solutions 
of this colouring principle. 

It is a matter of general agreement that the imperfect yield of 
natural indigo obtained on the manufacturing scale is due to (a) a 
retention by the plant residue after fermentation of some of the 
colouring principle, and (6) from the incomplete settlement of the 
finely divided colouring matter produced by the oxidation. On the 
other hand, (c) the decay of indoxyl during both fermentation and 
oxidation cannot but have an important bearing on this point. 

(a) The quantity of colouring principle thus retained is estimated 
by Rawson (Joc. cit.) to be about 5 per cent., and his experiments 
indicated that this could not be satisfactorily recovered by a second 
steeping of the plant residue. 

Although the proportion of enzyme powder to indican present in 
the fresh leaf of J. suwmatrana will be at least nine times greater than 
that generally employed in this paper, the difference between the 
physical nature of the leaf after fermentation and the purified 
laboratory material does not allow of any direct inference as to the 
amount of indoxyl occluded by the former during the manufacturing 
process, but it seems possible, as a result of this work, that more of the 
indoxyl may be thus retained than is believed to be the case. On the 
other hand, a second steeping or washing of the leaf residue with 
water containing a trace of sulphuric acid is suggested as worthy of ex- 
periment, for it has been shown that this occlusion of indoxyl does not 
occur in presence of the acid, and, moreover, that the acid solutions 
of this colouring principle possess considerable stability. 

(c) More interesting would be the study of the effect of the addition 
of acid to the fermentation vat in small proportion at the commence- 
ment of the operation for the reasons discussed earlier, and it is to be 
noted that a further addition at the conclusion of the hydrolysis would 
possibly be advantageous. As the plant extract, however, contains in 
solution the calcium and other salts of organic acids, by the use of 
sulphuric acid the acidity of the liquid will be due to the liberation of 
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the latter, and it is therefore likely that the direct employment 
of oxalic acid would be of service. 

(6) It has been shown ((oc. cit.) that the most satisfactory laboratory 
results on the preparation of indigotin from the plant extract, and 
also from pure indican, are given when the solution is hydrolysed by 
hydrochloric acid with simultaneous oxidation by air. If such a 
process could be economically employed on the manufacturing scale, 
the somewhat serious losses, which are acknowledged to occur by an 
incomplete deposition of the precipitated colouring matter, should be 
avoided, although, on the other hand, the cost of hot water extraction 
of the plant is considered by Rawson (/oc. cit.) to be prohibitive. 


We are indebted to the India Office for a grant which has been, in 
part, employed to cover the expenses of this investigation, and to 
Sir Thomas Holderness, K.C.S.1., for his kind interest and trouble in 
the matter. 

CLorHworKiRs’ ResEARCH LABORATORY, 


THE UNIVERSITY, 
LEEDS. 


XCIII.—Indoxylic Acid. 


By AxTHur GrorGE PERKIN. 


Durine experiments on the aerial oxidation of indoxy! which had been 


prepared by the enzyme hydrolysis of indican (preceding paper) it ap- 
peared to be of interest to confirm the results obtained by an examina- 
tion of the oxidation of synthetical indoxyl, and it seemed likely that 
commercial indoxylic acid would be an excellent source of this substance, 
which is otherwise difficult to isolate in a pure condition. Commercial 
indoxylic acid was for a short time placed on the market under 
the name of ‘ indophor,” because, owing to the readiness with which 
it is converted into indoxyl, and the latter by oxidation into indigotin, 
it was found suitable for calico-printing purposes. As the result of a 
search in this department of the University, two specimens bearing the 
correct label were discovered, but these had evidently undergone some 
alteration, for whereas indoxylic acid is colourless, both bottles con- 
tained a dull reddish-violet powder. Experiment showed that 
whereas in one of these (A) indoxylic acid was entirely absent, in the 
second (B) a trace still existed, but this did not yield sufficient 
indoxyl for a satisfactory oxidation experiment. As this decom- 
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position of indoxylic acid appeared to be, not only remarkable, but also 
interesting, owing to the fact that its behaviour seemed likely to 
throw light on some points observed during the oxidation of indoxyl 
derived from indican, the substances produced were subjected to 
investigation. 

The sample A, which weighed approximately 6 grams, and in which 
indoxylic acid was entirely absent, was the most carefully examined, 
and as experiment indicated the presence of a substance or substances 
soluble in alkali, it was in the first place completely exhausted 
with boiling 1 per cent. sodium hydroxide solution. The deep 
brown solution was acidified, the resulting brown precipitate was 
collected, and the filtrate (C) reserved for further examination. For 
the purpose of purification the brown precipitate was dissolved in 
boiling pyridine, the solution filtered from a trace of insoluble matter, 
and the filtrate treated at the boiling point with sufficient alcohol to 
precipitate an almost black substance, which was present in small 
quantity. This was removed by filtration, and to the clear liquid an 
excess of ether was added ; this caused the separation of a voluminous, 
dull brown precipitate, which was collected and washed repeatedly 
with pure ether until the washings were colourless. The filtrate 
contained a small quantity of indirubin. The product, which 
resembled indigo-brown, possessed, like this substance, the property of 
obstinately retaining moisture, and was therefore dried at 160°: 

Found, C=67'°35 ; H=3°68 ; N=9°94 per cent. 

These analytical figures somewhat resemble those previously found for 
the main constituent of indigo-brown (Trans., 1907, 91, 279), to which 
the provisional formula C,,H,,0O,N, (C=68°57 ; H=4:28; N=1000 
per cent.) was assigned, and this result, together with other properties, 
suggest as probable that it may consist of a slightly impure form of 
the natural indigo-brown compound, The amount available after 
analysis was too small to admit of a further treatment by the 
fractional precipitation methods, but it was ascertained that although 
the main bulk of the product was homogeneous, and could only be 
dissolved by means of pyridine, traces of substances soluble respectively 
in alcohol and acetic acid were also present. It is interesting to note 
that crude indigo-brown also contains small quantities of more readily 
soluble substances, the percentage of carbon in which is somewhat 
lower than that of the main constituent, for which the best solvent is 
also pyridine. The product from indoxylic acid dissolved in alkaline 
solutions with a deep brown coloration, and was converted by means of 
nitric acid into a dull orange-yellow, amorphous product. It possessed 
no definite melting point, but when destructively distilled it swelled 
up and evolved vapour, which condensed to form a small quantity of a 
brown, oily matter. 
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That portion of the original specimen (A) which was insoluble in 
alkali was dried and repeatedly extracted with small quantities of 
boiling pyridine, when the main portion of the substance passed into 
solution, and it was observed that, whereas the first extracts possessed ° 
a deep red colour, the latter were slightly bluer, and these were 
accordingly kept apart. On evaporating the pyridine solutions at first 
obtained to a small bulk, crystals separated on cooling, and these were 
further purified by means of the same solvent : 


Found, C=73:19; H=3°95 ; N=10°72. 
C,gH,)O,N, requires C= 73°28 ; H=3-81 ; N =10-69 per cent. 


This analysis, and the examination of its properties, clearly proved 
that this, the main constituent of the original powder (A), was 
indirubin. The small amount of substance which remained after the 
removal of the indirubin was crystallised from nitrobenzene, and had, 
as was expected, all the properties of indigotin : 


Found, N=10°75. C,,H,,0,N, requires N = 10-69 per cent. 


Attention was now directed to the aqueous filtrate (C) (p. 848) 
obtained during the isolation of the brown compound, and this was 
repeatedly extracted with ether and the ethereal solution evaporated. 
The semi-crystalline residue was digested with a small quantity of 
boiling benzene, the hot liquid decanted, and a brown, gelatinous 
product, which separated on cooling, was removed and the filtrate 
allowed to evaporate spontaneously. Orange-coloured needles were ° 
slowly deposited, but in too meagre an amount for efficient purifica- 
tion; on the other hand, as they readily gave with sulphuric acid and 
commercial benzene the thiophen reaction, there could be no doubt 
that they consisted mainly of isatin. 
_ The residue insoluble in benzene was dissolved in a small quantity 

of hot alcohol, and, on cooling, crystals separated ; these, after repeated 
purification by means of the same solvent and a final crystallisation 
from water, consisted of almost colourless needles, and possessed the 
properties of an acid. When slowly heated, this acid melted with 
effervescence at about 215°, but a melting point as high as 223° could 
be obtained by heating more rapidly. Most probably this compound 
is phenylglycine-o-carboxylic acid, and this receives support from the 
fact that in a patent of 1894 the Badische Anilin- & Soda-Fabrik 
describes the preparation of indoxylic acid by heating the sodium salt 
of this substance with alkali, for it is quite likely that in such a 
process a trace of the original acid would escape conversion. In general 


, , en ee C 0 
physical properties it also resembled isatoic acid, On d 0? but 


this, however, is said to melt at 230°. 
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An approximate analysis of this sample of indophor (A) gave the 
following amounts of the main constituents mentioned above. 


Matter soluble in alkali , 32°94 per cent. 
Indirubin 

Indigotin 

Moisture 


Of the matter soluble in alkali, approximately one-half (15-44 per 
cent.) consisted of the crude brown product above discussed, and the 
remainder is accounted for by the presence of other brown substances 
of a more soluble character, together with the phenylglycinecarboxylic 
acid. 

The analysis of the indirubin and indigotin was carried out by 
a comparison of the strength and shade of the sulphonated mixture 
with similar solutions obtained from the chemically pure colouring 
matters in a Duboscq tintometer. The purity of this material was 
thus shown to be 89 per cent., and it was contaminated with a 
fibrous substance insoluble in nitrobenzene, which no doubt accounts 
for the deficit in the above analysis. 

An examination of the sample B, in which a trace of indoxylic acid 
was found to be present, indicated that it contained the same brown 
substance as A, but to a less extent, namely, 6°41 per cent. Curiously 
enough the proportion of indirubin to indigotin in this specimen was 
found to be as 70 to 30, and this result is almost identical with that 
given by the investigation of the sample A, in which the proportion 
of these colouring matters was as 71 to 29. Determinations of ash 
and moisture gave respectively 1°38 and 4°79 per cent. 

In considering the reactions which have been involved in this 
conversion of indoxylic acid into indigotin and indirubin, the presence 
of the former does not require special comment, for it is well known 
that indoxylic acid is readily converted into indoxyl, and this latter 
again into indigotin. On the other hand, with regard to the indirubin, 
its presence can only have originated from the simultaneous production 
of both indoxyl and isatin, and the question arises as to whether the 
isatin has been derived from the direct oxidation of indoxy], or rather 
of indoxylic acid itself. 

That indoxyl can be converted into isatin without an intermediate 
formation of indigotin has been shown by the Badische Anilin- 
& Soda-Fabrik (D.R.-P. 107719 of 1898) to be the case, and although 
air is not included among the reagents they employ, it is evident, and 
has been discussed in preceding communications, that the formation 
of indirubin during the manufacture of natural indigo can only be 
due to the previous production of isatin by the aerial oxidation of the 
indoxyl. 
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The quantity of indirubin, however, which can be obtained from 
indoxyl in this latter manner, even under the best known conditions, 
is but small in proportion to the indigotin which is simultaneously 
produced. Thus natural indigos are to be found which contain as 
high as from 8 to 10 per cent. of indirubin, and certain rare cases are 
on record in which even larger amounts have been detected, but 
these quantities are trifling when compared with the quantity 
(70 per cent.) of indirubin which was found in the colouring matter 
present in the indoxylic acid product under discussion. 

There is every reason to suppose that when indoxy]l is oxidised by 
air it is preferably converted into indigotin, and it accordingly seems 
certain that the indoxylic acid itself has been the direct source of the 
isatin necessary for the indirubin condensation which took place 
in the sample.* 

If the constitution of y-indoxylic acid is considered, 


O,H,<yy,>CH‘CO,H, 


it is, of course, possible that on oxidation by air it might yield the 
acid, 


CH, <LO>0(C0,H)-0(00,H)<y9, >O,Hy 


which by elimination of carbon dioxide and a further oxidation would 


be converted into indigotin. 

If, on the other hand, we suppose that the first product of the 

oxidation of the indoxylic «cid is 2-hydroxy--indoxylic acid, 

CH, <yyp>C(0H)-CO,H, 
then it is easy to see that this cannot give indigotin by oxidation, but 
will yield isatin with elimination of carbon dioxide. 

It is evident, also, that the conversion of y-indoxyl itself into 
y-isatin, according to the methods described by the Badische Anilin- 
& Soda-Fabrik (loc. cit.), or by the change which occurs to a small 
extent during the oxidation of indoxyl solutions by air, and is 
represented by the presence of indirubin in the indigo produced, can 
be similarly formulated : 


OH < yr >CH, —> O,H<QOp>CH-OH —> 0,H,<y7,>00. 


From experiments on the aerial oxidation of a solution of indoxylic 
acid, described in the preceding paper (p. 842), there would appear to 
be some evidence that indigotin is not a product of this reaction. 


* It is considered that this oxidation has been due to the gradual admission of 
air to the samples. The investigation has yielded no evidence of the presence in 
the mixture of a substance known to behave as an oxidising agent, although, had 
this been the case, the main argument would not be affected, 
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Thus it was observed that when a solution containing both indoxyl 
and indoxylic acid was oxidised by air in the presence of a small 
quantity of ammonia, both compounds yielded indigotin. On the 
other hand, in the absence of ammonia a much smaller yield of colour. 
ing matter was produced, and there could be no doubt that this small 
quantity had been derived mainly, if not entirely, from the indoxyl 
present. When the indigo had ceased to separate, addition of ammonia 
and shaking with air failed to increase the amount, showing that there 
was no indoxylic acid present, but, instead, a deep brown solution was 
obtained, due to the presence of brown matter and probably also of 
isatin. Unfortunately, at that time the necessity for a more detailed 
study of the reaction did not suggest itself. 

The formation of a brown substance by the oxidation of an aqueous 
solution of indoxylic acid is very interesting, especially when taken in 
conjunction with the isolation of a brown compound from the decom- 
position products of “indophor” (A and_#) described in this paper, 
and which so closely resembles the main constituent of indigo-brown, 
for if, as is suspected, this material is identical with that present in. 
natural indigo, the origin of its presence in the dyestuff may be easily 
conjectured. There is no evidence that the leaves of indigoferae 
contain a glucoside of indoxylic acid, but, on the other hand, it is quite 
possible that indoxylic acid might be produced from indoxy] during 
the fermentation of the leaf extract. During this process a very 
large quantity of carbon dioxide is evolved, by means of which a 
portion of the indoxyl may be converted into the acid, and from this 
by subsequent oxidation the brown compound would be produced. In 
connexion with this point the statement of Rawson (Report on the 
cultivation and manufacture of indigo. Mozufferpore. 1904, 86) is inter- 
esting : “the blower... . by getting rid of carbon dioxide... . prevents 
decomposition of the colouring matter into worthless brown substances, 
which takes place to a greater extent under other conditions.” 

To account for the production of brown compounds from indoxylic 
acid, the following reactions suggest themselves as possible, taking into 
account the fact that the formula C,,H,,0O,N,, which has been 
provisionally assigned to the main constituent of indigo-brown, con- 
tains more hydrogen and oxygen than indigotin itself. Briefly, it is 
considered that if, as discussed above, the first product of the oxidation 
of indoxylic acid is 2-hydroxyindoxylic acid, two molecules of the 
latter may condense with elimination of water, carbon dioxide being 
subsequently evolved. The substance thus obtained would possess 


the following formula: C,H Ga >C-0:C< mar em 


Again, if indoxyl on oxidation is in part converted into the 
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compound 0H, <COP) >C-OH, the same product would naturally 


be obtained by such a condensation, and it is suggested that the 
secondary reaction which was observed to take place when the 
indoxyl solution derived from indican (see preceding paper) was 
oxidised by air is due either to this or some change of a similar 
nature. ; 

ADDENDUM.—Since the communieation of this paper, a third sample 
of the “ indophor’’ has been available for examination, and for this 
I am indebted to the kindness of Prof. W. Gardner, of Bradford. 
A qualitative investigation of this specimen which had been preserved 
inthe museum of the Bradford Technical College since November, 1897, 
showed that it had undergone a similar alteration to that observed in 
the case of the specimens (A and B) above discussed. Thus, whereas 
it consisted mainly of indirubin, there was also present indigotin, the 
brown alkali soluble product, and a trace of indoxylic acid. There can 
thus be no doubt that the decomposition of indoxylie acid in these 
circumstances is characteristic of the substance. 

CLorHworKERS’ RESEARCH LABORATORY, 


THE UNIVERSITY, 
LEEDS. 


XCIV.—The Distillation of Butter Fat, Cocoanut Oil, 
and their Fatty Acids. 


By KENNETH SOMERVILLE CALDWELL and WiL.t1amM HoLpsworTH 
HurTLeEy. 


CuevreuL (Les Corps -Gras., pp. 23, 77, 178, 186) first showed that 
the fats and higher fatty acids could be distilled without decom- 
position in a Toricellian vacuum. He placed half a gram of the 
fat or fatty acid in the end of a barometer tube bent into the 
form of a retort, and showed that they volatilised without any 
change in composition; only in the case of stearic acid did he 
sometimes observe a slight yellow coloration. 

The next to distil fats and fatty acids in a high vacuum was 
F. Krafft (Krafft and Weilandt, Ber., 1896, 29, 1316). For the 
production of a high vacuum he and his fellow workers usually 
employed a continuously acting water-mercury pump, and to test 
the vacuum a Crookes tube was placed between the receiver and 


pump. 
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We began the distillation of fats and fatty acids in a high vacuyy 
with the object of ascertaining what glycerides are contained jp 
various natural fats. Apart from the importance of such knoy. 
ledge in biochemistry, it would obviously have great value in the 
analysis of butter and butter substitutes. 

In our work we used a Gaede pump to obtain the necessary 
vacuum, and, following Krafft, we introduced a Crookes tube 
between receiver and pump. 

In the course of our investigations, we had occasion to distil 
several of the fatty acids which Krafft had already distilled, and, 
owing to the very marked differences between his “ boiling points” 
and ours, it is necessary to give precise details of the method of 
working. Krafft and Weilandt used an ordinary distilling flask 
of only 15 c.c. capacity: their thermometer was placed 20—30 mm, 
above the liquid, and they had a column of vapour of 25—30 mn. 
between the bulb of the thermometer and side-tube, and a further 
column of 35—40 mm. of vapour above the side-tube. They used 
a bath of fusible metal, the level of the metal being just below 
that of the substance in the flask. From 3 to 4 grams of sub- 
stance were taken, and the experiment was stopped when about 
1 gram of the substance remained in the distilling flask. 

In our work we employed flasks of from 50 to 300 c.c. capacity, 
according to the amount of material we had to distil. With 
ordinary distilling flasks, distillation is very slow, owing to the 
greater part of the vapour condensing on the neck of the flask 
and trickling back into the bulb; we have always worked therefore 
with flasks having a trap in the neck and side-tube leading from 
the trap. Fats were distilled in 50 c.c. flasks having the trap 
about 2 cm. above the bulb, but fatty acids were distilled in flasks 
having the trap 6 cm. above the bulb. Im all cases the 
thermometer bulb was, as is usual, level with the side-tube. To 
prevent the vapour of fatty acids reaching the rubber cork of the 
flasks, the necks were made very long. For fats a bath of fusible 
metal was employed, and for fatty acids one of paraffin. All 
our distillations were conducted in the vacuum of the cathode 
light. 

On distilling the acids from cocoanut oil, we obtained large 
quantities of a product passing over at about 90°; this substance 
was lauric acid, the boiling point of which is, according to Krafft, 
101°. We therefore determined the temperature at which the 
following fatty acids (obtained from Kahlbaum) distilled in our 
apparatus: lauric, myristic, palmitic, stearic, and oleic. The 
subjoined table gives our results and those of Krafft side by 
side: 


To 
than 
equil 
W 
ferer 
seen 
but ; 
parti 
disti 
of d 
for 1 
the 

work 
disti 
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Krafft. C. and H. 
Lauric acid * 101° 89° with bath at 100° 
Myristic acid 121—122° > 100 
Paimitic ies 138—139 — 
Stearic 154°4—155°5 : os 100 


9 


Oleic 153 160 


” 


(Krafft does not give the temperature of the bath.) 

* Ina paper by F. Krafft and Paul Lehmann (Ber., 1905, 38, 242), the boiling 
points of these acids, determined with the thermometer bulb level with the side- 
tube, are given as follows : 

B. p. 
Lauric acid 88—89° 
Palmitic acid 127—128° 


To start a distillation a higher bath-temperature is required 
than that given in the table: this may be due to temperature 
equilibrium not being reached or to resistance to change of phase. 

We offer the following explanation of these remarkable dif- 
ferences. On watching the distillation of these substances, it is 
seen that there is no boiling; the liquids remain perfectly quiet, 
but give off vapour at a rate and at a temperature which for any 
particular substance depends on the temperature of the bath. In 
distilling the pure acids, we worked at the rate of about 6 drops 
of distillate per minute as nearly as we could estimate, allowing 
for the difficulty of keeping the acids liquid until they reached 
the receiver. In carrying out a fractionation we have usually 
worked more slowly than this. All the above acids could be 
distilled at a lower temperature than those given in the table if 
the distillation were conducted more slowly.* 

Krafft calls the numbers given under his name in the above 
table “boiling points,” and he obtained them by working under 
the conditions described above. On the assumption that liquids 
have definite boiling points in a cathode vacuum, Krafft draws 
certain conclusions as to a relationship between the molecular 
weights of allied substances and their boiling points under a 
vapour column of a definite length. We believe that in the 
vacuum of the cathode light a liquid has no boiling point, but that 
it sublimes or evaporates, just as water does in air below its 
boiling point, at a rate and at a temperature depending on the 
nature of the substance and on the temperature to which it is 
heated. 


* In a paper in the current Berichte (Hansen and Krafft, Ber., 1909, 42, 210), 
which we did not see until our paper was completed, it is shown that laurie, 
myristic, palmitic, and stearic acids sublime at a measurable rate at such low tem- 
peratures as 22°, 27°, 32°, and 38° respectively ; fer example, lauric acid at 22° gave 
0'82 gram in six hours. 
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Distillation of Butter Fat. 


Butter is generally believed to contain tributyrin. With the 
idea of isolating this substance and probably other definite 
glycerides, we distilled samples of butter fat, prepared in the 
ordinary way, in the vacuum of the cathode light. Trilaurin from 
laurel oil, trimyristin from nutmeg butter, and tripalmitin appear 
to be the only fats distilled by Krafft. He gives the following 
“boiling points ” : 

Trilaurin 260—275° 
Trimyristin 290—300 
Tripalmitin 310-320 

For our own guidance, we attempted to distil tributyrin, t1- 
palmitin, tristearin, and triolein. 

Tributyrin, under a pressure of 1 mm. and at the ordinary 
temperature, appears to boil vigorously for a short time; this 
phenomenon, which is shown by all other fats and was observed 
by Chevreul, we believe to be due to the escape of dissolved air 
or oxygen, and possibly to hygroscopic moisture. In a good 
cathode vacuum, tributyrin sublimes rapidly, without the slightest 
sign of boiling, with the bath at 127° and the inner thermometer 
at 107°. It can be distilled, but more slowly, at 98°. To show 
that no decomposition had occurred, we saponified some of the 
residue and some of the distillate, and obtained the following 
figures : 

1 gram residue required 9°7 c.c. V-sodium hydroxide. 

1 , distillate ,, 972cce. ,, 9 

1 ,, by theory ,, 9°73 ,, * = 

Tripalmitin distils with the bath above 360° and the inner 
thermometer at 280°. 

1 gram residue required 3°75 c.c. N-sodium hydroxide. 

1 ,, distillate ,, 3°68 ,, ie - 

1 ,, by theory ,, 3°72 ,, - ‘i 


A specimen of tristearin appeared to begin to distil with the 
bath at 273° and inner thermometer at 103°: the distillation then 
stopped. The distillate proved to be free stearic acid. On 
attempting to continue the distillation, the liquid bumped so badly 
that we could not determine the boiling point. In the case of 
triolein, a large quantity of gas escaped on working the mercury 
pump, and there was much frothing at the room temperature. 
With the bath at 260° and the inner thermometer at 135°, some 
free oleic acid distilled over, the distillation of the triolein begit- 
ning with the bath at 350° and the inner thermometer at 230°, 
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but no constant temperature of the inner thermometer was 


observed. . 
The following iodine numbers were obtained : 


Residue, 72°1. Distillate, 74°7. Theory, 86°2. 

The triolein was therefore far from pure. The above glycerides 
were obtained from Kahlbaum. 

Butter fat begins to distil with the bath at 260° and inner 
thermometer at 190°. For a first fraction, all that could be dis- 
tilled up to 250° was taken. This fraction was liquid at room 
temperature, had a pale yellow colour, and a feeble taste not 
particularly like that of butter, but no taste at all resembling that 
of tributyrin, which is intensely bitter and disagreeable. The first 
fraction from each of our three specimens was redistilled. From 
our third specimen we distilled a second fraction up to 292°. 

On the various distillates and residues we determined : 

(1) The number of c.c. of NW-sodium hydroxide required to 
saponify 1 gram of substance. 

(2) The Reichert-Wollny number (the number of c.c. of 
y/10-sodium hydroxide required to neutralise the soluble and 
volatile fatty acids in 5 grams of the substance). 

(3) The iodine number in some cases. 

The results are given in the table: 


I. Commercial Sample : 
Reichert- 
c.c.N-NaOH/ Wollny lodine 
gram, number. number. 
Distillate up to 250° — a pio ot pil 


a ee a Distillate ... 4°91 73°6 sms 
Distillate redistilled addins 3-98 98-9 a 


II. Pure Butter—Summer : 


Distillate up to 250° (26 f Distillate ... 
grams from 50 grams) \ Residue 


Distillate redistilled to f Distillate ... 
210°, 2/3 distilled over \ Residue 


Ill. Pure Butter—Winter : 


Distillate up to 250° (19 f Distillate ... 
grains from 50 grams) \ Residue...... 

Distillate redistilled, 1/6 f Distillate ... 
only distilled Residue 

Second distillate up tof Distillate ... 
292°, 19 grams Residue 
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Samples II and III. 


This butter was from a herd of 125 cows, chiefly shorthorns 
with some Jerseys and cross-bred Guernsey shorthorns. In summer 
the cows are kept in the pastures and receive a little Bombay and 
linseed oil cake, bran, and oats; in winter they are fed on mangolds, 
hay, brewers’ grains, an equal amount of the same oil-cakes, and 
bran. 

On comparing our most volatile fraction with tributyrin, we 
have the following results: 


Lowest butter fraction. Tributyrin. 
Distils slowly with bath at 250—270°. Distils rapidly with bath at 127°, 
Saponification number, 4°82. Saponification number, 9°93. 
Reichert-Wollny number, 78°0. Reichert-Wollny number, 496°7. 
Not unpleasant taste. Extremely unpleasant taste. 


We conclude from these results that there is no tributyrin in 
butter fat. 

It has hitherto been supposed that tributyrin occurs to the 
extent of 5 to 7 per cent. in butter. 

In specimen III, where the iodine numbers are given for the 
first distillate up to 250°, for the second distillate 250° to 292°, and 


for the residue, there is considerable iodine absorption in each; 
but none of the three gives an iodine number near that of triolein, 
86°2. The glyceride oleostearopalmitin would have an_ iodine 
number 29°5. It seems probable, therefore, that there is little 
or no triolein in butter fat, but that the oleic acid is distributed 
among a considerable number of the butter glycerides present, most 
of it occurring as oleostearopalmitin. 

Lewkowitsch has pointed out that improvements in the methods 
of analysis of butter fat have been accompanied step by step by 
improved methods of adulteration, and he draws attention to a 
patent taken out for the preparation of dibutyrostearin. This 
substance would have a Reichert-Wollny number of 200°8, and 
would distil over in the first fraction, thereby raising the Reichert 
Wollny number of this fraction very considerably. 

We have also distilled cocoanut oil, with the result summarised 
below : 

Weight of cocoanut oil taken, 46 grams. 


Reichert- 

c.c.V-NaOH/gram. Wollny. 
Original 4°65 8°54 
Distillate up to 210° (22 grams) ... 4:97 8°67 
Residue 4°36 
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The Fatty Acids from Butter. 


The butter (450 grams) was saponified by aqueous-alcoholic 
potash, the alcohol being finally distilled off by heating in an open 
basin. The solution of soaps was poured slowly into an excess of 
dilute sulphuric acid with shaking, and the whole distilled in 
steam. The non-volatile and volatile parts were dissolved 
separately in ether, dried over anhydrous sodium sulphate, and 
after removal of the ether were separately distilled. 


Acids Volatile in Steam. 


Pressure B. p. 
inmm. Bath. B. p.* Mol. wt. M. p. (760 mm.). 


Distillates 44 115° 95° 104°3 — — 
aes 75 5560 116°0 5° 196° 
Residue — _— -—- 186°4 oa -- 
* By b. p. we mean always the temperature indicated by the inner thermometer 
during distillation. 
Butyric acid, mol. wt. =88 ; Hexoic acid, mol. wt.=116. M. p.-1°5°. 
B. p. 205°/760 mm. 


Acids Not Volatile in Steam. 


Distillate. 
Pressure —" Jodine 
inmm. Bath. B. p. = Mol. wt. M. p. —s number. 


Ist fraction ... 0 155° 133° 263°1 45°0° 27°1 
20d_—sé,, ik 0 155 128—132° 260°3 45°0 

a ve 0 165 128—185 2792 49°0 40°1 
4th ,, 0 250 175 283°4 53°5 36°4 


Redistillation of united fractions (1) and (2): 
1 (a) fraction 0 145° 122° 259°4 47° 


As shown from the iodine numbers, all the above contain large 
quantities of oleic acid (iodine number, 90). 

Fraction 1 (a) once recrystallised from acetic acid gave mol. wt. 
255, m. p. 60—61°; it absorbed no iodine. (Palmitic acid, mol. wt. 
256, m. p. 62°6.) 

Fractions 3 and 4 recrystallised from acetic acid gave pure 
stearic acid, m. p. 699°. 

The residue from distillate 4 (about 2 grams) was brown, soft, 
and was largely composed of cholesterin. 

It will be seen from the above that by this method of distillation 
a good separation of the butter acids can be effected, and we are 
attempting the determination of the relative proportions of the 
butter fatty acids. 
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The Fatty Acids from Cocoanut Ou (419 grams). 


These acids were obtained in the same way as the butter acids 
except that the soaps were extracted with ether to remove 
unsaponifiable matter, and instead of distilling in a current of 
steam the whole of the acids were dissolved together in ether. 

At 20 mm. pressure and the temperature of the bath at 100°, 
we obtained 3 c.c. of distillate, which was not further examined. 
The residue was distilled in the vacuum of the cathode light, 
Owing to the presence of fatty acids of intermediate molecular 
weight, the fractionation was much more difficult. In all, we 
made thirty-six distillations, as the result of which the following 
fractions were obtained : 


Bath. B. p. Mol. wt. M. p. Mol. wt. M. p. 
70° 60° 150 12°5°  Octoic acid, C,H,,0. 144 165° 
90 80 180 22% Deroic acid, CyyHo 0 172 313 
100 90 200 42°0 Lauric acid, C,,H,,0, 200 = 436 
135 100 231 50°0 Myristic acid, C,,H..0, 228 53°8 
155 120 260 60°0 Palmitic acid, C,H 3.0, 256 62°6 
A distillate containing stearic and oleic acids. 
* As it contained a little oleic acid, this fraction was crystallised from acetic acid, 
All the other numbers relate to the fractions just as they were obtained on dis. 
tillation. 


The lauric acid is by far the largest constituent of the cocoanut 
vil acids, forming at least 60 per cent. of them. Ulzer (Chem. 
Rev. Fett. Harz. Ind., 1899, 6, 203) doubts the occurrence of 
palmitic acid; but we obtained several grams of pure palmitic acid 
from this oil. 


Comparison of Butter and Cocoanut Oil as regards the Insoluble 
Fatty Acids. 


Butter contains exceedingly little lauric acid—from a pound of 
butter we did not obtain any; cocoanut oil contains a large 
quantity—at the very least 60 per cent. of the total fatty acids. 
As the methods of analysis at present in use fail to detect with 
any certainty an adulteration of butter fat with 10 or, in the 
case of a good butter, even 20 per cent. of cocoanut oil, we distilled 
the insoluble fatty acids from: 

(1) 100 grams of butter fat; 

(2) 100 grams of cocoanut oil; 

(3) 100 grams of a mixture of 10 grams of cocoanut oil with 
90 grams of butter fat; 
with the following results: 
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Butter Acids. 


Bath. B. p. Distillate. 
Fraction 1... 90—100° 44° Liquid, about 0°2 gram in three hours 
No further distillation occurred until: 
155—175° 125—131° Solid, mol. wt. =266°6 ; 78 grams 


Residue: about 1°5 grams, very rich in cholesterin. 


Fraction 2... 


Cocoanut Oi Acids. 


Bath. B. p. Distillate. 
105—131° 92—92°5° Solid; mol. wt.=196°2; 62°1 grams 
105—108 s Ps =246°0 23:0 
128° a a = 287°0 ed 


Very small residue. 


Acids from Mixture of 10 grams of Cocoanut Oil and 90 grams 
of Butter Fat. 


Bath. B. p. Distillate. 
Fraction 1 110—141° 80—113°5° Solid ; 13 grams. 
Not further distilled. 


The 13 grams of distillate were slowly fractionated : 
Distillate, 

Bath. B. p. Mol. wt. M. p. Solidified. grams. 

79—100° 52—73° 150 00° — 3°0 

100—101 to 79° 183 11°0 _ i 
100—106 at 79 196 39°0 34° = 
106—109 to 83 203 42°5 38 3° 
118—128 to 95 221 44°0 41 2° 


2 


Fractions 3 and 4 are nearly pure lauric acid. The following 
table shows what a great difference is produced in the temperature 
at which the insoluble fatty acids begin to distil when butter fat is 


mixed with cocoanut oil: 
Weight of 
distillate, 
Insoluble acids from Bath. B. p. grams. 
100 grams of butter fat to 141° -— 0 
100 »» cocoanut oil », 131 92—92°5 62 
90 » butter fat + 10 grams 
of cocoanut oil », 141 80—113'5 13 

By this method, therefore, it is possible to detect with certainty 
quite small adulterations of butter with cocoanut oil. 

We are at present engaged in applying this method to the 
quantitative estimation of the fatty acids in various fats, to the 
isolation of definite glycerides, and to the working out of certain 
other questions which have presented themselves to us in the 
course of this work. 


CHEMICAL LABORATORY, 
St. BARTHOLOMEW’s HospiTAL, E.C. 
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XCV.—The Preparation and Properties of the N-Tyi. 
bromo-substituted  Hydraznes (the Diazonium 
Perbromides). 

By FReperick DANIEL CHATTAWAY. 


THE diazonium perbromides, although easily prepared, stable, and 
safe to handle, have not proved useful in chemical investigation 
or technical processes, and have in consequence been little studied, 
They were among the first derivatives of the diazo-compounds to 
be discovered, and Griess, in an early paper, described the pre 
paration and properties of a considerable number (Phil. Trans, 
1864, 154, 667). Griess assigned the formula C,H,N,HBr,Br, to 
diazobenzene perbromide, and stated that its constitution seemed 
the same as that of the periodide of tetraethylammonium and 
similar compounds of other bases. 

In the second volume of his text-book of organic chemistry, 
published in 1866, Kekulé wrote that diazobenzene perbromide 
could be regarded either as a true perbromide, that is, as an 
additive compound formed by the union of a molecule of bromine 
with a molecule of diazobenzene bromide, a conception which lhe 
represented by the formula (I), or as a compound in which the 

O,H,—N—N—Br 
C,H; -N—N—Br:Br, } | 
Br Br 
(I.) (II.) 
two nitrogen atoms of diazobenzene bromide were linked by a single 
unit of affinity, and each was further united with an atom of 
bromine. This idea he expressed by the formula (II), but added 
that the behaviour of the compound, and especially the circumstance 
that when washed with ether it lost bromine and reverted to 
diazobenzene bromide, pointed to the former view as being the more 
correct one. 

Erlenmeyer, in a theoretical paper on the constitution of the 
diazo-compounds (Ber., 1874, 7, 1111), without giving any reasons, 
ascribed to the compound the constitution: 


Erlenmeyer’s view, which is in effect * that the diazo-perbromides 

* Whether the two nitrogen atoms are represented in the formula as united by 
three strokes or by one, or by six strokes and three dots, there is no essential 
difference of conception, which is, that the nitrogens are linked together by what- 
ever affinity they possess after satisfying the affinities of the groups otherwise 
attached to them, 


Tri. 


um 
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should be regarded as N-tribromo-substitution products of the 
hydrazines, was generally accepted * up to about thirteen years - 
ago, when Hantzsch (Ber., 1895, 28, 2755) put forward the 
suggestion, scarcely to be distinguished from the original one of 
Griess or from Kekulé’s view, that they and the other perhalides 
discovered by him must be regarded as diazonium perhalides having 
the general formula 


’ 


R-N(X,X,X;) 
| 


and constituted similarly to the trihalides of the alkali metals 
and of the substituted ammonium residues. Hantzsch’s suggestion 
is the outcome of his views on the constitution of diazonium 
compounds, and practically receives support only from the easy 
decomposition of these compounds into diazonium salts and free 
halogen, referred to by Kekulé, whilst it immensely complicates 
the explanation of other reactions, notably that of ammonia, on 
these compounds, whereby. the diazoimides are produced, a reaction 
very simply explained by the hydrazine formula. 

The circumstance that structural isomerism among the mixed 
perhalides has not been observed cannot be regarded as an 
argument in favour of either view, as it can never be asserted with 
certainty in any particular case that rearrangement into the most 
stable form has not occurred, or even that the slight differences in 
properties which might be supposed to exist in such compounds 
could be recognised. 

The formation of unstable higher bromine additive products 
when the diazo-perbromides are brought into contact with free 
bromine, and of diazoimides when they react with ammonia, are 
arguments against Hantzsch’s suggestion. 

The view rejected by Kekulé and later adopted by Erlenmeyer, 
that the diazonium perbromides have the constitution R-NBr-NBry, 
that is, are N-tribromo-derivatives of the aromatic hydrazines, 
receives strong support from the fact that they are produced 
quantitatively when the requisite amounts of bromine are added 
to aromatic hydrazines dissolved in acetic acid. 

The author has recently shown (Trans., 1908, 93, 852) that 
diazonium bromides are produced quantitatively by the action of 
bromine on the aromatic hydrazines, and has expressed the view 
that these compounds, when in acid solution, are really V-dibromo- 
substituted hydrazines produced by a process of substitution exactly 


* Bamberger (Ber., 1894, 27, 1273) definitely formulates diazobenzene perbromide 
as tribromophenylhydrazine, and this view of its constitution underlies his use of 
it for the preparation of nitrosobenzene. 
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similar to that’ which occurs when other compounds containing 
hydrogen attached to nitrogen are submitted to the action of 
bromine. 

According to this view the production of diazo-perbromides 
is the final and completing step in the replacement of the hydrogen 
of the -NH-NH, group by bromine, thus: 
RNH R‘N-H ae R-N-Br R-N-Br 
H:N-H H:N:Br H-N:Br Br-N:Br 

The entire behaviour of the diazonium perbromides is in accord 
with this view of their constitution ; for example, they are in exactly 
the condition necessary for the typical diazo-composition to take 
place ; this, in fact, occurs when they are heated alone or suspended 
either in chloroform or glacial acetic acid: 

R--N--Br R N Br 
ee ~> 1 @ 2 + 5: 
Br-;-N--Br Br N Br 

All the diazo-perbromides, when brought into contact with free 
bromine, combine with it to form unstable compounds, in which 
the halogen is held much as water is in a crystalline hydrated salt. 
These unstable compounds are to be regarded as perbromides, the 
bromine in them being much less firmly attached to the other 
atoms composing the molecule than the bromine replacing hydrogen 
attached to tervalent nitrogen in the hydrazines. These bromine 
additive compounds are only stable under a considerable pressure 
of bromine vapour, and consequently lose bromine and _ leave 
behind the parent substances when washed with ether or exposed 
in the air or in a vacuum. 

It would be well, therefore, to abandon the use of the term 
diazo- or diazonium perbromides for the N-substituted hydrazine, 
and to style them, in accordance with their constitution, N-tribromo- 
hydrazines, using the designation V-tribromohydrazine perbromides 
for the less stable compounds formed by the union of bromine with 
them. 


Preparation of N-Tribromo-substitution Derivatives from 
Aromatic Hydrazines. 


The preparation of V-tribromophenylhydrazine only is described, 
as all other derivatives of the kind can be obtained in a precisely 
similar manner from the corresponding hydrazines. Six grams of 
freshly distilled phenylhydrazine were dissolved in 10 c.c. of glacial 
acetic acid, and 20 grams of crushed ice were added. 9°6 Grams 
of bromine were similarly dissolved in 10 c.c. of glacial acetic 
acid, and 20 grams of crushed ice added. When the temperature 
of each solution had fallen to about —15°, the phenylhydrazine 
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glution was quickly added to the bromine solution, the latter 
being vigorously stirred during the process. Although on adding 
the hydrazine a slight local deposition of solid occurred, this 
redissolved, and when all the hydrazine had been added a clear 
solution was obtained, from which almost immediately orange- 
yellow plates of N-tribromophenylhydrazine separated, the liquid 
becoming a pulp of crystals. After collecting, washing with dry 
chloroform, and drying over phosphoric oxide, 6°5 grams were 
obtained, this being 94 per cent. of the theoretical yield (6°9 grams). 


Preparation of N-Tribromophenylhydrazine from Benzenediazonium 
Bromide. 


All writers who have described the interaction between benzene- 
diazonium bromide and bromine, either alone or dissolved in an 
aqueous solution of potassium bromide, have stated that a 
brownish-red oil first separates, which solidifies to a crystalline 
mass only after it has been separated from the mother liquor and 
either washed with ether or exposed for some time to the air 
[compare Griess (Phil. Trans., 1864, 157, 667), Saunders (Amer. 
Chem. J., 1891, 18, 486), Bamberger (Ber., 1894, 27, 1273)]. 
This red, oily liquid is an additive product of W-tribromopheny]l- 
hydrazine and bromine, probably C,H;"NBrz°NBr,, the dissociation 
pressure of which at the ordinary temperature is considerable. 
Its formation can be avoided if the solution of bromine is added 
very cautiously to the solution of the diazonium salt, so that it 
is nowhere present in any excess. If bromine itself, and not a 
solution in aqueous potassium bromide, is added, the drops, on 
falling into the solution of the diazonium salt, form pasty masses 
of the additive product, which only disintegrate and lose the 
excess of bromine on very vigorous shaking with some slight excess 
of the diazonium salt. This oily, additive product is formed 
whenever bromine is brought into contact with .-tribromophenyl- 
hydrazine, whether the dry solid is exposed to the vapour of 
bromine or brought into contact with it suspended in water or 
dissolved in chloroform or glacial acetic acid. When J-tribromo- 
phenylhydrazine is placed in water it is dissociated to some extent 
into free bromine and diazonium bromide; the former then 
combines with the unchanged N-tribrcmo-derivative to form the 
liquid additive product. The interaction between diazonium 
bromide and bromine is therefore a reversible change, and the 
V-tribromophenylhydrazine can only be obtained free from the 
oily additive compound if some excess of diazonium bromide is 
present. 
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Stability of Dry N-Tribromophenylhydrazine. 


Two grams of V-tribromophenylhydrazine, dried thoroughly over 
phosphoric oxide, were spread in a thin layer on a watch-glass 
and exposed over freshly-burnt lime and solid potassium hydroxide 
in a vacuum desiccator at the lowest pressure obtainable by a 
water-pump. Each day for a month it was weighed. It was found 
to lose weight regularly but very slowly, the loss never exceeding 
0°001 gram in twenty-four hours. This loss in weight was found 
to be due to a slow decomposition into benzenediazonium bromide 
and bromine, the latter being absorbed as soon as it was liberated 
by the lime, the former accumulating in the solid. 


Decomposition of N-Tribromophenylhydrazine when Exposed to 
Moist Air. 


A quantity of V-tribromophenylhydrazine was exposed in a thin 
layer freely to the air. It soon became white and damp round 
the edges, and in a few days had changed into a moist, yellowish- 
white solid. After about a week, the yellow colour had com- 
pletely disappeared, and a semi-liquid mass containing a little of 
a white solid and slowly giving off gas was left. The solid was 
collected, and proved to be 2: 4: 6-tribromophenol ; the liquid was 
benzenediazonium bromide in a deliquesced state. From the 
latter, pale yellow, glistening plates of benzenediazonium bromide 
separated on adding alcohol, and then excess of dry ether. These 
were washed with ether, dried, and analysed: 

0°5747 gave 0°5838 AgBr. Br=43°23. 

C,H;N,Br requires Br=43°20 per cent. 

A further portion was converted by means of 8-naphthol into 
benzeneazo-8-naphthol, which was obtained perfectly pure on once 
erystallising from alcohol. An estimation of the amount yielded 
by a weighed quantity of the salt was made: 

0°4833 gave 0°6452 C,H,-N,°C,,H,;OH. Theory requires 0°6480. 

On being exposed to moist air, therefore, bromine is slowly 
given off as in a vacuum, and benzenediazonium bromide is formed; 
the latter deliquesces, and is partly converted by the absorbed 
water into phenol with escape of nitrogen. The phenol then 
reacts with the bromine liberated, still further hastening the 
dissociation and being itself converted into 2: 4: 6-tribromophenol, 
the most highly substituted derivative of phenol producible by 
direct bromination. 

A similar action takes place when N-tribromophenylhydrazine 
is placed in water; at first a small quantity breaks down into 


OF THE N-TRIBROMO-SUBSTITUTED HYDRAZINES. 867 


peazenediazonium bromide and bromine; the latter partly remains 
dissolved, and partly combines with the unchanged JV-tribromo- 
phenylhydrazine, which it converts into the liquid bromine additive 
product. On standing, the benzenediazonium bromide in com- 
bination with water undergoes the typical diazo-decomposition : 
C,H,--N-'-Br C,H; N Br 
i |} i | eo + t, 
OH H 


HO--N-'-H 
yielding hydrogen bromide, nitrogen, and phenol; the phenol is 
then, as before, converted by the bromine present into 2: 4: 6- 
tribromophenol. These actions proceed until all the N-tribromo- 
derivative has disappeared, 2: 4: 6-tribromophenol and benzene- 
diazonium bromide being only produced, the further decomposition 
of the latter then giving rise to phenol. 

A number of experiments were made to ascertain if bromine 
attached to nitrogen in N-tribromophenylhydrazine passed easily 
into the nucleus as it does when N-chloro- and V-bromo-anilides are 
transformed. 


Action of Concentrated Hydrochloric Acid on N-Tribromophenyl- 
hydrazine. 


Finely-powdered N-tribromophenylhydrazine was suspended in 
ten times its weight of concentrated hydrochloric acid, and the 
mixture shaken for some time. An action similar to that which 
occurs when the compound is suspended in water took place. No 
gas was evolved, but the solid became pasty and settled to the 
bottom, whilst the liquid became coloured from dissolved free 
bromine. The pale brown liquid was decanted from the pasty 
solid, and air was drawn through it until the colour of bromine 
had completely disappeared. The liquid was then neutralised, 
and B-naphthol dissolved in potassium hydroxide added, when 
benzeneazo-6-naphthol was produced. 


Action of Hydrogen Chloride on N-Tribromophenylhydrazine 
Suspended in Acetic Acid or Alcohol. 


Gaseous hydrogen chloride was passed into a cooled mixture of 
N-tribromophenylhydrazine and five times its weight of glacial 
acetic acid until the liquid fumed strongly. Bromine was set free 
in the liquid, and a little gas was liberated. Some heat was 
developed, and the solid partly dissolved. The liquid was diluted 
with one-fifth of its bulk of concentrated hydrochloric acid, and 
the mixture kept at the ordinary temperature for two days until 
the free bromine and N-tribromo-substituted hydrazine had both 
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disappeared and the colour of the liquid had become pale yellow, 
During this time a considerable quantity of gas had been liberated, 
bromobenzene had been produced, and a white deposit of 
2: 4: 6-tribromophenol had separated. The liquid was then 
filtered, neutralised, and a solution of S-naphthol in potassium 
hydroxide added. Benzeneazo-8-naphthol, unaccompanied by any 
bromo-substituted azo-compound, was precipitated. 


Decomposition of N-Tribromophenylhydrazine by Alcohol. 


When JN-tribromophenylhydrazine is suspended in alcohol at 
the ordinary temperature, action takes place very slowly, but after 
a week or thereabouts, depending on the temperature, the whole 
of the solid disappears and the liquid contains benzene, bromo- 
benzene, ethyl bromide, 2:4: 6-tribromophenol, and a little 
2: 4: 6-tribromophenetole. In this action, therefore, the sub- 
stituted hydrazine decomposes in two ways into bromine, nitrogen, 
and bromobenzene, and into bromine and _ benzenediazonium 
bromide, thus: 

>» C,H,Br+N,+ Br, 
C,H;-N-Br 


BeN-Br —— OsHs'N-Br+Br, , 


~ i 

N 

the latter subsequently decomposing and yielding benzene, phenol, 
and phenetole, the free bromine reacting with these and also with 
the alcohol. 

If a mixture of V-tribromophenylhydrazine and alcohol is cooled 
and saturated with hydrogen chloride, the temperature never being 
allowed to rise much above zero, little or no gas is evelved, 
the N-tribromo-substituted hydrazine disappears, and _benzene- 
diazonium chloride crystallises out, the bromine reacting with the 
alcohol. 

If, instead of allowing the V-tribromophenylhydrazine suspended 
in alcohol slowly to decompose at the ordinary temperature, the 
mixture be heated until the temperature at which the typical 
diazo-decomposition commences is reached, violent action takes 
place, nitrogen is evolved in torrents, and bromobenzene and free 
bromine are formed; the latter as it is liberated reacts with the 
alcohol to form ethyl bromide, hydrogen bromide and _ acet- 
aldehyde still further increasing the violence of the action. Only 
a small quantity of phenetole and its bromo-substitution products 
are formed. 
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Decomposition of N-Tribromo-substituted Hydrazines by Heat. 


The decomposition of several of the J-tribromo-substituted 
hydrazines by heat was investigated by Griess, who heated them 
either mixed with sodium carbonate or suspended in alcohol. 

The decomposition is much more conveniently effected by heating 
the compounds, suspended in three to six times their weight of 
glacial acetic acid, in a flask which should be not more than 
one-twelfth filled by the liquid. Owing to the liberation of free 
bromine in the decomposition and to the almost violent disengage- 
ment of nitrogen and consequent frothing, the large flask in which 
the decomposition is effected must be connected with an efficient 
condenser attached to a receiver, which in its turn communicates 
with a second condenser and receiver and then with some arrange- 
ment for absorbing bromine. 

On raising the temperature to 80—100°, the WN-tribromo- 
substituted hydrazines wholly or partly dissolve, then nitrogen and 
bromine commence to be disengaged, and the action proceeds, with 
increasing rapidity and violent frothing, to completion without 
any further application of heat. A clear liquid is thus obtained 
coloured red by bromine, from which, after distilling off the 
bromine, the bromo-substituted benzenes or phenols formed separate 
on addition of water. The substituted phenols, if any are formed, 
can be extracted by alkali hydroxide, the substituted hydrocarbons 
being thus left practically pure. The decomposition of V-tribromo- 
phenylhydrazine thus yielded, besides nitrogen and bromine, 
monobromobenzene and a little 2: 4: 6-tribromophenol. 

\-Tribromo-p-bromophenylhydrazine gave a practically theoretical 
yield of p-dibromobenzene. After distilling in a current of steam 
and crystallising from alcohol, a yield of 92 per cent. was obtained. 

\-Tribromo-2: 4-dibromophenylhydrazine and N-tribromo- 
2:4: 6-tribromophenylhydrazine similarly decomposed yielded 
1: 2: 4-tribromobenzene and 1: 2: 4: 6-tetrabromobenzene respec- 
tively in theoretical amount. 

All the JN-tribromo-substituted hydrazines, therefore, when 
heated, undergo the typical diazo-decomposition : 


R-N:Br R N Br 
| i ee ae. 
Br'N-Br Br N Br 
The V-tribromohydrazines can be similarly decomposed by 
heating them suspended in dry chloroform. 
The same products are formed if the oily bromine additive 
products of the W-tribromohydrazines are thus decomposed, but 
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the actions are not so smooth, small quantities of tarry matters 
being formed. 


The thanks of the author are due to Professor Odling for 
placing a laboratory at his disposal, and to the Government Grant 
Committee of the Royal Society for a grant which has partly 
covered the cost of this investigation. 


UnrIversity CHEMICAL LABORATORY, 
OxFORD. 


XCVI.—A Method for Investigating Dissociation Equi- 
libria in Solutions, and its Application to the Study 
of Aqueous Potassium Mercuri-rodide Solutions. 


By Harry Meprorta Dawson. 


THE object of this paper is to describe a method for the investigation 
of dissociation equilibria such as are frequently met with in the 
formation of complex acids, bases, and salts in aqueous solution. In 
the first instance, the general character of the method will be 
discussed, and its application will then be illustrated by experiments 
which have been made to determine the nature of aqueous solutions 
containing mercuric and potassium iodides, 

The essential feature of the method to be described consists in the 
mode of determination of the proportion in which one of the two 
components of the solution is present in the uncombined condition. 
This is effected by adding to the solution a third substance which 
combines with this component to form another complex compound, for 
which the value of the dissociation constant is known. Under suit- 
able conditions it is easily possible to avoid the complications which 
might be conceived to result from the competitive action of the 
chemical affinities which give rise to the two different complex 
compounds. 

If the two components of the aqueous solution be denoted by A and 
B, and if these combine with the formation of a complex compound of 
the type AmB,, the relationship between the concentrations of the 
substances taking part in the equilibrium represented by the formula 

mA+nB — AmBn 
will be determined by a constant X,, where 
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If A is a strong electrolyte, the relationship between the components 
may be expressed in terms of ions, a complex ion resulting from 
the union of the weak electrolyte B with one of the ions of the 
component A. 

The problem to be solved is the determination of the value of the 
ritiom:n. If, as presumed, a single complex electrolyte is formed, 
the value of m/n should remain constant when the concentrations 
of the components A and B undergo either relative or absolute 
variation. 

Let C represent a third substance, which is of the nature of a weak 
dectrolyte and which, like B, combines with A to form a complex 
edectrolyte of the type ApC,, and suppose that a small quantity of C 
isadded to a solution containing A and B. Corresponding with the 
equilibrium expressed by the formula 

pAt+qC = A,C, 
the relationship between the concentrations of the reacting substances 
will be determined by a constant X,, where 
a. 
[ApCo] 

If the total quantities of A, B, and C in unit-volume of the solution 
as well as the value of the dissociation constant X, are known, and if 
the fraction of C' which is present in the free condition is determined, 
the concentration of uncombined A in the aqueous solution can be 
calculated from equation (2). 

In the choice of the third substance C, which is to be utilised in 
the investigation of the complex substance or substances formed by 
the combination of A and B, it is not only necessary to know the 
value of the constant X,, but C should be such that the amount of it 
present in the free state in the aqueous solutions can be measured 
with considerable accuracy. In general, this measurement will be 
nost conveniently effected by means of distribution experiments. A 
liquid, immiscible with water, in which the weak electrolytes B and C 
are readily soluble, but which does not dissolve the strong electrolytes 
4, AmBp, and AyC, to any appreciable extent, can readily be found, 
and if the ratios of distribution of Band C between water and this 
solvent are known, the concentration of uncombined B and C ina 
given aqueous solution can be determined. Since the total concentra- 
tion of C is known, that of the complex electrolyte A,C, is at once 
obtained, and from equation (2) the. concentration of uncombined A 
in the solution can be calculated. Since, further, the total concentra- 
tions of A and B are known, the ratio in which A and B are combined 
in the form of the complex electrolyte AmB, can be deduced. If only 
one complex is formed by the union of A and B when the proportions 
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of the components are subjected to considerable variation, the values 
so obtained for the concentration of free A, free B, and the complex 
A,B, ought to satisfy the equation (1). 

As a special case, that in which the substance B is only very 
slightly soluble in water may be considered. In these circumstances 
the quantity of B which is present in the form of the complex A,B, 
is given by the total concentration of B, and if the quantities of 4 
which are present in the free state and in the form of the complex 
A,C, are subtracted from the total quantity of A in the solution, the 
quantity of A present in the form of the complex A,B, is obtained, 
This gives us the molar ratio m/n of A to B in the complex substance 
under investigation. 

The particular system to which the method of investigation 
described above has been applied, represents one which has already 
been studied by a number of workers, and various methods have been 
employed to ascertain the nature of the complex anions which are 
formed by the union of mercuric iodide with the simple iodine ions, 

Abegg, Immerwahr, and Jander (Zeitsch. Hlektrochem., 1902, 8, 688) 
measured the solubility of mercuric iodide in potassium iodide solutions 
of different concentrations ; the data so obtained furnish evidence 
solely in regard to the nature of solutions saturated with mercuric 
iodide. 

Sherrill (Zettsch. physikal. Chem., 1903, 43, 705; 1904, 47, 103) 
examined the nature of the complex ions by measurements of the 
electromotive force of concentration cells of the type Hg | Hgl, 
solution (1) || HgI, solution (2) | Hg, of the changes which take place 
in the freezing points of potassium iodide solutions on the addition of 
mercuric iodide, and by experiments on the distribution of mercuric 
iodide between benzene and potassium iodide solutions. 

The measurements of Bredig and Walton (Zeitsch. Hlektrochem., 
1903, 9, 114; Zeitsch. physikal. Chem., 1904, 4'7, 185) of the catalytic 
influence of the iodides on the decomposition of hydrogen peroxide 
indicate that the velocity of decomposition is directly proportional to 
the concentration of the iodine ions. When, by the addition of 
mercuric iodide to a given potassium iodide solution, the concentration 
of the iodine ions is diminished in consequence of the formation of 
complex anions, the number of iodine ions rendered inactive can be 
calculated from the corresponding reduction in the catalytic activity 
of the solution. Reference will be made to the results of these 
investigations at the end of the paper. 

In the experiments recorded here, the following procedure was 
adopted. A weighed quantity of mercuric iodide was dissolved in 4 
measured volume of potassium iodide solution of determined concen- 
tration, and the resulting liquid was shaken at constant temperature 


IN 


values 
mplex 


very 
‘ances 
A m B, 
3 of A 
mplex 
n, the 
ained, 
stance 


zation 
ready 
> been 
+h are 
ns, 

, 688) 
utions 
idence 
reuric 


, 103) 
f the 
Hgl, 
place 
ion of 
reuric 


chem., 
talytic 
roxide 
nal to 
ion of 
ration 
ion of 
an be 
tivity 

these 


e was 
1 ina 
oncen- 
rature 


EQUILIBRIA IN SOLUTIONS. 873 


with a solution of iodine in carefully purified carbon disulphide or 
carbon tetrachloride until a condition of equilibrium was reached. 
The concentration of the iodine in the two practically immiscible 
solutions was determined by means of thiosulphate solution, and from 
the measured value of the ratio of distribution of iodine between 
water and the organic solvent, the concentration of the free iodine in 
the aqueous solution was calculated. In the first experiments carried 
out at 15°+0°05°, carbon disulphide was used as the solvent for 
iodine ; in the later experiments at 18°+0°02°, carbon tetrachloride 
was employed. 
Suppose that 
v=the volume of aqueous solution in litres which contains one 
mol, iodine (titrated by thiosulphate) 
a=the fraction of the total iodine which is present in the free 
state 
a and 6 =mols. potassium iodide and mercuric iodide respectively 
present in v litres of the solution, 
and, further, that a single complex electrolyte is formed, which may 


be represented by the formula mKI,nHgl, or Hgl,,—KI. For the 


concentrations of the various components of the solution, we then 
obtain 


Component of solution... I, Hgl,, “KI KI, KI 


Concentration 


m 
. 1-2 ree 


vy) ae See ee 


v 

According to Jakowkin, the equilibrium between iodine and potass- 
ium iodide in aqueous solutions,‘ the concentrations of which do not 
exceed certain limits, is in exact agreement with the requirements of 
the law of mass action applied to the dissociation equation 

KI,—= I+I,. 

With the above symbols, application of the mass action law leads 

to the equation : 


m 
-—6-1 
(a . +2) 
v(1—2) 
Special experiments in which no mercuric iodide was present in the 
slutions used gave for k at 15° the value 0-001035, and at 18° the 


higher value, 0°001153. The dissociation constant having been deter- 
nined, the above equation can be directly employed for the calculation 


k= 


'? nae 
of ;? Since all the other quantities involved—a, 5, v, and x—are 


given by the experimental measurements. 
3L 2 
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A difference in the experiments with carbon disulphide and those 
with carbon tetrachloride is to be noted. This is due to the fact that, 
whilst mercuric iodide is only slightly soluble in the latter solvent, it 
dissolves fairly readily in carbon disulphide. Measurements of the 
solubility were made by shaking the liquids at constant temperature 
with a large excess of mercuric iodide for several hours and evaporating 
the solvent from a known volume of the solution at as low a tempera- 
ture as possible in order to avoid volatilisation of the dissolved sub- 
stance. As the mean result of two determinations, the saturated solution 
in carbon disulphide was found to contain 0°00688 mol. of mercuric iodide 
per litre (15°), and that in carbon tetrachloride, 0°000375 mol. per 
litre (18°). These numbers show that mercuric iodide is about twenty 
times more soluble in carbon disulphide than in carbon tetrachloride 
at the respective temperatures employed in the distribution experi- 
ments. Asa consequence of the relatively large solubility of mercuric 
iodide in carbon disulphide, appreciable quantities of the mercury halide 
were found to be extracted by this solvent from the aqueous iodide 
solutions in the distribution experiments, whereas the quantities removed 
by carbon tetrachloride were, in general, negligibly small. It is evident 
from this that the distribution measurements with carbon disulphide not 
only permit of the determination of the uncombined potassium iodide in 
the aqueous solutions, but by estimating the concentration of the mer- 
curic iodide in the carbon disulphide, that of the uncombined mercury 
halide in the aqueous solutions could also be obtained when the ratio 
of distribution of the substance between carbon disulphide and water 
is known. Although measurements of the mercuric iodide concen- 
tration in the carbon disulphide solution were made, the values 
obtained are not considered to be sufficiently accurate for the purpose 
of testing the validity of equation (1). They suffice, however, for the 
estimation of the change which takes place in the concentration of the 
mercuric iodide in the aqueous solutions when these are shaken with 
carbon disulphide, and have been used for this purpose. 

In tables I and II are recorded the experimental data and the 
calculated results for several series of measurements. It may be 
observed that the concentration of the potassium iodide varies from 
0:025 to 0-20 mol. per litre, these probably representing the limits 
of concentration for which accurate values of m/n can be obtained by 
the method described. For each solution of potassium iodide, the 
concentration of the mercuric iodide increases in the successive experi 
ments. The first column gives the number of the experiment, the 
second the molar concentration of the mercuric iodide in the aqueous 
solution, the third and fourth the iodine concentrations in mols. per 
litre of the aqueous and carbon disulphide or carbon tetrachloride 
solutions respectively, the next four columns contain the calculated 
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those values of v, x, a, and 6, which have the significance previously 

that assigned to them, and in the last the ratio of the number of mols. 
’ . . . . . . . . . . 

nt, it of potassium iodide in combination with one mol. of mercuric iodide 


f the (*) is recorded. 


ature * 
ating 
\pera- Experiments with Carbon Disulphide (15°). 


| sub- Hgl, I, I, conc. 
ution No. (cone.). cone. (ag.). (CS,). v 


iodide 0°05 nKI. 


I. per 0003878 0°007693 0°1859 129°8 0°02848 6°49  0°5305 
wenty 0:009802 0°006106 9°1427 1636 0°03769 8°18 1°603 
loride 001410 0°004965 0°1467 201°1 0°04763 10°05 2°835 

Q 0°01919 0°003728 + 0°1517 267°9 0°06560 13°39 57140 
xperi- 


. 0°10 nKI. 
reuric 


halid 0007518  0°008831 0°07288 113°2 0°01381 11°32 0°851 
waned 001477 =: 0007754 «=: 007575 =128°8 0°01577 +=-:12°88 ~=—-: 1-902 
iodide 0:03850 0004003 0°08726 249° 0°03514 24°95 9°610 


moved 0°20 nKI. 


vident 000908 001700 0°06540 58°75 0006203 11°75 0°531 
Sue 001827, 0°01587 006775 ~—«62-94.-:0-006887 12°59 1°150 
ye 003495  0°01260  0°06592 79°27 0°008439 15°85 2-770 
lide in 004311  0°01157 0°06790 86°30 0:009464 17°26  3°720 
2 mer- 006648  0°008206 0°07482 121°7 0°01469 24°34 8°09 
aie 007348  0°007839 0°08370 127°5 0°01723 25°50 9°37 


> ratio 
water TaseE II. 


TABLE I. 


oncen- Experiments with Carbon Tetrachloride (18°). 


Jues 
— Hgl, I, I, (cone. ) 
ur pose Yo, (cone.). conc. (aq.). (CS,). v. 
ye . 0-025 nKI, 
baad 0002209 0-002248 0-01087 444°9 0-05845 
n with 0:004387 0°002072 0°01191 482°5 0°0939 

§ 0°008718 0:001605 0°01393 622°9 01048 

nd the 0°05 KI. 
lay be 0°00474 0°003861 0°009668 259°0 0°03024 
; from 0°01031 0°003353 0°01098 298°3 0°03958 

an? 0°01922 0°002334 0°01317 428°4 0°06814 

limits 
ned by 0°1 nKI. 

th 20 0°009592 0°005888 0°007352 169°8 0°01508 16°98 1°629 4 

le, ‘ 21 0°04399 0°003263 0°01295 306°5 0°04793 30°65 13°48 1°68 
experi: 
nt, the Before proceeding to discuss the results of these experiments, 
queows H reference should be made to two approximations which are involved 
ols. pel in the calculation of the values of m/n. 
shloride In the first place, no account has been taken of the alteration in the 
culate! I distribution of the iodine which is brought about by the substances 
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present in the aqueous solutions, the partition-coefficient obtained for 
the distribution of iodine between pure water and carbon disulphide 
or tetrachloride having been used in the case of all the solutions 
examined. The fact may, however, be recalled that, according to the 
distribution experiments of Jakowkin (Zeitsch. physikal. Chem., 1894, 
13, 539 ; 1896, 20, 19) and of the author (Trans., 1901, 79, 238), 
concordant values are obtained for the constant corresponding with 
the dissociation equilibrium, Ki, — KI+TI,, without taking into 
account the “ salting out” effect exerted by the electrolytes present 
in the aqueous solution on the iodine distribution. In so far as 
iodide and tri-iodide are concerned, the magnitude of this effect is 
therefore in all probability very small, but the mercuric iodide present 
in the solutions examined introduces another factor, the influence of 
which must be considered more closely. 

It is probable that the effect of the presence of the complex mercuric 
iodide will be to displace iodine from the aqueous solution, and 
although it is not possible to estimate its magnitude, it is quite 
certain that the extent of the displacement will increase with in- 
creasing concentration of the mercuric iodide. In consequence of this 
action, the calculated values of m/n recorded in the foregoing tables 
are slightly greater than the true values, although it can be shown 
that the differences involved must be very small, even in the case of 
the most concentrated mercuric iodide solutions, 

In a paper on the influence of strong electrolytes in distribution 
phenomena (Zeitsch. physikal. Chem., 1906, 56, 605), the author has 
calculated the relative changes produced by equivalent quantities of 
various electrolytes on the distribution of iodine between water and 
carbon disulphide. The numbers vary from about 10 to 30 per cent, 

If now we assume that the alteration in the distribution of the 
iodine in the experiments recorded in this paper corresponds with a 
displacement of 20 per cent. per mol. of mercuric iodide, then for the 
most concentrated solution examined (see expt. 13), the distribution 
ratio CS,/H,O increases from 620 to 629, and the value of m/n 
becomes 1°81 instead of 1°80. From this it is evident that the 
influence of the “ salting out” action on the calculated values of m/n 
is almost negligibly small. 

The second approximation is involved in the fact that no account 
has been taken of the changes in volume which occur when mercuric 
iodide is dissolved in the potassium iodide solutions. In the case of 
the 0°1 and 0:2 molar potassium iodide solutions, the maximum 
volume changes involved were ascertained by accurate density 
measurements. On dissolving 0°0406 mol. of mercuric iodide in a litre 
of 0°1 molar potassium iodide solution, the increase in volume was 
found to be 0°31 per cent., whilst the increase on dissolving 0°0720 
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mol. of mercuric iodide in a litre of 0°2 molar potassium iodide solution 
amounted to 0°53 per cent. The true values of the concentrations of 
the potassium and mercuric iodides in the case of the solutions 
examined in expts. 7 and 13 are therefore less than the values 
actually used in the calculations by these amounts respectively. It is 
found, however, that the values of m/n are practically unaltered when 
these small volume changes are taken into account. 

From the above considerations relating to the influence of the 
“salting out ” effect, and of the volume changes which take place in 
the solution of mercuric iodide, it appears justifiable to conclude that 
the values of m/n recorded in the tables approximate very closely to 
the true values. 

An inspection of the figures in the last column of tables I and II 
shows that m/n is not constant, but for a given potassium iodide solu- 
tion it decreases regularly with increasing concentration of the mer- 
curic iodide. The variation is most strongly marked in the case of 
the more dilute solutions of the alkali iodide. Similar results are 
obtained whether carbon disulphide or carbon tetrachloride is used 
for the indirect estimation of the free potassium iodide in the aqueous 
solution. 

The variation of m/n is an indication that the solutions contain, in 
general, more than one complex potassium mercuric iodide. Corre- 
sponding with m/n = 2, which appears to be the higher limiting value 
of the ratio, the chief complex electrolyte in solutions which contain 
relatively little mercuric iodide has the composition 2KI,HgI,. As 
the relative proportion of mercuric iodide in the solution increases, 
this complex electrolyte is gradually transformed, a second complex 
electrolyte containing a relatively larger proportion of mercuric iodide 
being formed in gradually increasing quantities. 

It will be observed that all the values of m/n are confined between 
the limits 1‘5 and 2, and if the second complex iodide has the composi- 
tion 3KI,2HgI,, the first must be almost completely transformed into 
this in the case of solutions for which the experimentally determined 
ratio m/n is not much greater than 1°5, On the other hand, if the 
second complex iodide corresponds with the formula KI,HgI,, such 
solutions must contain approximately equimolar quantities of the two 
complex iodides 2KI,HgI, and KI,HglI,,. 

Sherrill’s measurements (loc. cit.) of the changes which take place 
in the freezing points of potassium iodide solution when these are 
saturated with mercuric iodide may be utilised for the purpose of 
differentiating between these two possibilities. Corresponding with 
the equations : 

(1) 2HgI,+3KI=2HgI,,3KI, 
(2) 2HgI,+3KI=Hgl,,2KI+ Hgl,,KI, 
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the addition of 2 mols. of mercuric iodide should reduce the total 
number of molecules present in the solution by two according to (1) 
and by one according to (2). The data for 0°736, 0°511, and 0-237 
molar potassium iodide solutions correspond with reductions in the 
total number of molecules of 1°64, 1:90, and 1:96 respectively. These 
results therefore lend support to the view that the complex iodide 
3KI,2H¢glI, is the chief constituent of solutions which contain relatively 
large proportions of mercuric iodide. 

The experimental results obtained by the method of inquiry 
described in this paper are in agreement with those obtained, by other 
methods. According to solubility measurements (Joc. cit.) the molar 
ratio KI/HgI, for solutions saturated with mercuric iodide falls from 
2°20 for a 0-031 to 1°82 for a 1°0 molar potassium iodide solution, 
The smaller value of the ratio is an indication that a complex iodide 
containing relatively more mercury than 2KI,HglI, is present in the 
more concentrated solutions. The electromotive force measurements 
of Sherrill (Zoc. cit.) indicate that the complex iodide 2KI,HglI, is the 
chief component of solutions which contain relatively little mercuric 
iodide, whilst the dynamic measurements of Walton (Joe. cit.) support 
this view, and show, further, that the molar ratio of potassium iodide 
in combination with mercuric iodide diminishes with increasing 
concentration of the latter, and approximates to the limiting value 15 
in the case of the saturated solutions. 

PuysicAL CHEMISTRY LABORATORY, 
THE UNIVERSITY, 
LEEDS. 


XCVII.—Solubility of Lead Sulphate in Concentrated 


Solutions of Sodium and Potassium Acetates. 


By Joun Jacos Fox. 


Tue investigation described in this paper was undertaken mainly 
with the object of ascertaining what changes, if any, take 
place in solid lead sulphate when brought into contact with 
aqueous solutions of sodium and potassium acetates; and, further, 
to what extent the solubility of the sulphate is influenced by 
increasing the concentration of the acetate. 

Lead sulphate differs from the insoluble sulphates of barium, 
strontium, and calcium in the ease with which it may be dissolved 
in a variety of salt solutions. Of the three sulphates mentioned, 


TED 


total 
io (1) 
0°237 
n the 
These 
iodide 


tively 


quiry 
other 
molar 
from 
ution, 
iodide 
n the 
ments 
is the 
reuric 
ipport 
iodide 
pasing 
1e 15 


SOLUTIONS OF SODIUM AND POTASSIUM ACETATES. 879 


calcium sulphate is the only one which can be dissolved by acetates 
to any degree comparable with that of lead sulphate, and it is 
also fairly readily soluble in ammonium sulphate; but as it is 
considerably more soluble in water than either barium, strontium, 
or lead sulphate, its increased solubility might be anticipated if 
we suppose that calcium acetate is formed, and that more sulphate 
is dissolved to restore the equilibrium of the solution. Such an 
explanation might, however, be equally applicable to barium and 
strontium sulphates, but breaks down, since these two are insoluble 
in aqueous ammonium acetate solutions. 

A more probable explanation is the formation of complex ions 
(such as Ca(NH,)n), due to double salt formation. It has been 
shown that calcium sulphate dissolves in ammonium sulphate 
solution, and deposits crystals corresponding in composition with 
(a(NH,).(SO,4)o,2H,O (Bell and Faber, J. Physical Chem., 1907, 
9,492). A similar observation has been made by the author in 
the case of the solubility of lead sulphate in ammonium acetate 
(Proc., 1907, 23, 200). It was there shown that when the con- 
centration of the ammonium acetate was about 31, crystals of 
ammonium lead sulphate, Pb(NH,).(SO,)., were deposited by the 
solution, the increase of solubility of the lead sulphate at the 
same time being most marked for stronger ammonium acetate. 
Now it is obvious that if some of the sulphate is deposited from 
the solution in the form of ammonium lead sulphate, whilst at the 
same time the solubility of the lead increases considerably, the 
equilibrium system cannot be one solely of the solubility of lead 
sulphate. In reality, it is an equilibrium system for the solubility 
of lead acetate or possibly ammonium lead acetate in the peculiar 
circumstances of having a solid phase or phases consisting 
of sulphates. The matter is still further complicated by the fact 
that lead sulphate is fairly soluble in ammonium sulphate. Since 
neither sodium nor potassium sulphate dissolves lead sulphate, it 
seemed possible that simpler systems would result from the 
investigation of the solubility in sodium and potassium acetates. 

The only measurements of such solubilities made hitherto are 
those of Dibbits (Zeitsch. anal. Chem., 1874, 18, 139), and one 
experiment recorded by Noyes (Amer. Chem. J., 1905, 27, 747), 
who worked with solutions up to 0°4-V concentration. The 
formule deduced by Noyes from these dilute solutions do not 
apply to concentrated solutions. 

The systematic determination of the solubility of lead sulphate 
in potassium and sodium acetates described below shows that the 
solubility increases regularly with increasing concentration of the 
acetates, but the increase of solubility is much greater than the 
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corresponding increase in the concentration of the acetate. In 
other words, the solubility of the lead sulphate is not a linear 
function of the alkali acetate, and the nature of the curve suggests 
that the solubility of the lead is some function of the alkali acetate, 
involving powers higher than unity. Expressing the reaction by 
the equation : 

PbSO, + 2RC,H,O, = R,SO, + Pb(C,H;0,)., 
would give, as the simplest expression : 

Cppso, X C? Acetate = &-Cgutpnate X Cpr(cyt;02 


This expression would be modified by the decreased solubility 
of the alkali sulphate in the alkali acetate, evidence of which was 
obtained from the examination of the systems alkali acetate 
alkali sulphate. However this might affect the main equation, the 
solubility expression would still include the square of the con- 
centration of the alkali acetate, provided that the equation actually 
represents the reaction during dissolution. This matter was solved 
from the examination of the equilibria solutions for lead sulphate- 
potassium acetate. None of these solutions contained any 
sulphate, although the quantity of lead dissolved was fairly con- 
siderable, amounting in some cases to more than 19 per cent., 
calculated as lead acetate. It follows, therefore, that these solu- 
tions contained lead and potassium acetates only, and that the 
solubility of lead sulphate in potassium acetate is due exclusively 
to the formation of lead acetate and potassium sulphate. 

The solid phase consists of lead potassium sulphate, which is 
practically insoluble as such in the acetate, careful tests showing 
that no lead acetate was present in the solid phase. The formation 
of the salt PbK,(SO,), on mixing solutions of lead acetate and 
potassium sulphate may be accounted for by the preliminary 
formation of complex acetates, such as PbK,(C,H;0,),. This 
would then react with more potassium sulphate to give insoluble 
PbK,(SO,),. It is difficult otherwise to account for the uniform 
composition of the precipitate, even when an excess of potassium 
sulphate solution is used.* 

The absence of sulphates in the equilibria solutions in the case 
of potassium acetate confirms Noyes’s supposition that the solubility 
of lead sulphate is due to the formation of non-ionised lead acetate 
by metathesis, and it may not unreasonably be assumed that 
similar explanation holds for both ammonium and sodium acetates. 

* Holmes and Sageman (Trans., 1907, 91, 1611) conclude that potassium sulphate 


exists in solution as (K,SO,).. The formation of lead potassium sulphate would, on 
this view, take place thus: 
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In the case of ammonium acetate, the formation of ammonium lead 
sulphate with the greater concentrations of acetate bears this out, 
but sodium acetate did not give rise to any double salt of this 
kind. In all the cases examined, the solid phases for the sodium 
acetate solutions consisted of lead sulphate. When the saturated 
glutions were separated from the solid and cooled, crystals of 
sodium sulphate decahydrate separated from the strongest solu- 
tions, pointing to the existence in the solution of lead acetate and 
sodium sulphate. The absence of the double salt in the solid 
phases in the sodium systems is especially interesting in view of the 
fact that the curve for the solubility of sodium sulphate in sodium 
acetate solutions is of an entirely different character from that 
of potassium sulphate in potassium acetate solutions. The amount 
of potassium sulphate which can be dissolved in potassium acetate 
slutions of increasing concentration reaches a point, in the 
stronger solutions, where it is far less than the equivalent quantity 
of lead dissolved in the acetates. But with sodium acetate the 
smallest amount of sodium sulphate found was 14°4 mols. per 
1000 mols. of water; and this quantity is greater than any of 
the quantities of lead which could be dissolved in the acetate 
solutions. Consequently the sodium acetate—lead sulphate equili- 
brium solutions are never saturated as regards sodium sulphate, 
which therefore does not appear in the solid phases either alone 
or as double salt with lead sulphate. 


EXPERIMENTAL. 


The solubility determinations were carried out at a temperature 
of 25°+0°1°. In some cases dissolution was effected by shaking 
the lead sulphate in a well-stoppered bottle half filled with the 
cold solution, and completely immersed in the thermostat. In 
other cases, saturation was obtained by heating the solution in 
presence of excess of the solid at a-higher temperature and placing 
the vessel in the thermostat at 25°, the solution being well shaken 
from time to time and then allowed to settle. The apparatus 
shown in Fig. 1 was used to obtain saturated solutions without 
stirring or shaking. 

A tube about four inches in length and one inch in diameter, 4, 
was drawn out as shown, and fitted by a rubber stopper into 
tube B, an air vent, C, being provided. The tube A was plugged 
with asbestos at D, and the solid was placed on the asbestos. The 
solvent was poured into A, and allowed to percolate slowly into B, 
which also contained some solid. After all the liquid had passed 
into B, it was transferred to A again. The whole apparatus was 


882 FOX: SOLUBILITY OF LEAD SULPHATE IN CONCENTRATED 


immersed in the thermostat as far as the stopper of A. The 
percolation was continued until the density of the solution became 
constant, the density being determined in a Meyerhoffer pipette 
(Zeitsch. physikal. Chem., 1899, 28, 466). In many cases, 
saturation was complete in a few hours, especially when the solid 
phase suffered no change. When, however, the 
Fic. 1. solid altered, considerably longer periods were 
required, and in a few cases, more especially with 
the more concentrated solutions, two or three days 
were found to be necessary before the density of 
the solution became constant. 

A point of some importance arose in connexion 
with the distilled water used. In one case ordinary 
distilled water, which had been boiled to expel 
dissolved gases, gave a solution of which the 
density was 1°16421. A similar experiment was 
carried out, except that the distilled water was 
prepared in a platinum still and condenser and 
collected in a well steamed-out Jena flask. The 
density of the resulting solution in this case was 
1:16431. The difference is very small. In all the 
subsequent experiments distilled water, which had 
been previously boiled, was used. Although water 
of this kind is unsuitable for very dilute solutions, 
it is apparently sufficiently satisfactory for con- 
centrated solutions. 

The lead sulphate was prepared by treatment of 
a solution of lead acetate with sulphuric acid, the 
precipitate being washed with diluted sulphuric 
acid and finally with a little water; it was then 
dried, gently ignited, and powdered. Prepared in 
this way, one gram of the solid gave no alteration 
in weight on evaporation to dryness with sulphuric 
acid and gentle ignition. 

For convenience of reference the solubilities in potassium and 
sodium acetates are treated separately. 


Solubility of Lead Sulphate in Potassium Acetate Solutions at 25°. 


The potassium acetate was prepared by treatment of potassium 
hydrogen carbonate with slightly diluted glacial acetic acid, in the 
proper proportion. The solution so obtained was evaporated to 
small bulk to expel carbon dioxide and diluted as required. It 
was usually found to be slightly acid to phenolphthalein, and the 
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requisite quantity of potassium hydroxide solution (freed from 
impurities by alcohol) was added to yield a neutral solution. A 
less troublesome method was. the use of pure potassium acetate, 
tested before use as to its neutrality to phenolphthalein and for 
impurities. 

About 25 c.c. of potassium acetate solution were agitated for 
gveral days with excess of lead sulphate, the prolonged agitation 
being essential, since the preliminary dissolution of the lead 
sulphate which must take place is slow on account of the difficulty 
in dissolving sulphate in potassium acetate. When the saturation 
point is approached from a higher temperature, the liquid with 
the solid must be thoroughly agitated in the thermostat. Lead 
potassium sulphate is so little soluble in potassium lead acetate 
solutions that prolonged shaking is necessary to ensure equilibrium. 

The composition of the solutions was ascertained by determining 
the proportions of lead and potassium, the precipitated sulphate 
being boiled for some time with diluted sulphuric acid in order 
to decompose any potassium lead sulphate which might be formed. 
A portion of the solutions was acidified with hydrochloric acid, 
raised to the boiling point to dissolve lead chloride, and treated with 
barium chloride solution. As no precipitate of barium sulphate 
formed even after long boiling, it was thought possible that 
complex acetosulphates might be formed, or that the inability to 
form sulphions might prevent the precipitation of barium sulphate, 
similar to the prevention of the precipitation of silver chloride 
from mercury solutions, described by Hewitt (Proc., 1907, 23, 10). 

A test was therefore made with lead sulphate and potassium 
acetate solution in large excess to ascertain whether the sulphate 
could be estimated under these conditions. 0°4272 Gram of lead 
sulphate was treated with 50 c.c. of potassium acetate solution ; 
hydrochloric acid was added, and the whole was boiled until a 
clear solution resulted. The conditions are then similar to those 


Composition of Saturated Solutions of System KC,H,0, — Pb(C,H,0,). 
in Solution ; Solid Phases, PbSO, and PbK,(SO,)., at 25°. 


Molecules 
Percentage. per 1000 inolecules H,O. 
— A 


Potassium Lead Potassium Lead 
acetate, acetate. ; acetate. acetate. 
4°33 2°54 8°53 1°51 
9°03 3°55 18°95 2°25 
17°81 5°43 42°57 3°92 
22°07 5°95 56°27 4°58 
26°58 9°83 76°69 8°57 
28°82 11°40 88°45 10°57 
28°93 19°41 102-80 20°82 
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which occur on attempting to estimate the sulphate, if present, in 
the actual solubility experiments. Barium chloride produced ap 
immediate precipitate, which gave 0°3165 BaSQ,, equivalent to 
0°4286 PbSO,. 

The results are plotted in Fig. 2, curve I, the curve being regular, 
The abscisse are molecules of potassium acetate, and the scale of 
the ordinates is five times that of the abscisse, the enlarged scale 
of the ordinates exaggerating the errors in the determinations, 

The solid phases consisted of sulphates only, and were anhydrous, 


Fie. 2. 


Ly 


50 100 


Mols. of alkali acetate per 1000 mols. of water. 


I. Solubility of lead sulphate in potassium acetate. 
I, sodium acetate, 


Mols. of lead acetate per 1000 mols, of water x 5. 


9 9? 


containing traces of adherent moisture only. The following are 
the results for the solids in two cases: 


0°9792 gave 0°6348 PbSO, = 64°83. 

0°8668 ,, 0°6512 PbSO,=75'13 per cent. 

In neither case was there any alteration of weight on evaporation 
with sulphuric acid. 

The double salt, potassium lead sulphate, was prepared by mixing 
a solution of lead acetate with a solution of potassium sulphate, 
having the lead acetate in excess. The solutions were well shaken 
for some time, and the solid collected, washed two or three times 
with a solution of potassium acetate, and finally with a little 
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alcohol. The air-dried product, which is amorphous, gave on 
galysis the following results : 
0'6482 gave 0°4108 PbSO, and 0°2370 K,SO,. 
PbSO, = 63°38; K,SO,= 36°36. 
PbK,(SO,). requires PbSO,=63°48; K,SO,=36°52 per cent. 
The same compound is formed when the amount of lead sulphate 
shaken with potassium acetate solution is not present in excess. 


System: Potassium Acetate (Solution)—Potassiwm Sulphate at 25°. 


This system was investigated to ascertain the influence on the 
slubility of potassium sulphate of the increased concentration of 
the potassium acetate, for since potassium sulphate can be formed 
from the lead sulphate by metathesis, it seemed desirable to 
determine the extent to which it could remain dissolved. On 
nixing a saturated aqueous solution of potassium sulphate with a 
concentrated solution of potassium acetate, an immediate pre- 
cipitate of potassium sulphate formed, so that obviously potassium 
sulphate is less soluble in potassium acetate solution than in water. 
The solutions for investigating this system were obtained by 
shaking with excess of solid potassium sulphate or by heating 
potassium acetate solution with potassium sulphate in a water- 
bath and allowing to cool in the thermostat, shaking frequently. 
The analysis of the saturated solutions presented no difficulty ; 
but it was necessary to boil the precipitated barium sulphate for 
several hours to remove all the potassium chloride, barium sulphate 
having a tendency to retain sodium and potassium unless this is 
done. 

Composition of the Solutions. 


Molecules of salt 
Percentage. per 1000 molecules H,O. 


Potassium Potassium Potassium Potassium 

acetate, sulphate. Water. acetate. sulphate. 
1 6°11 6°65 87°24 12°85 7°87 
2 8°68 5°09 86°23 18°47 6°10 
3 11°29 3°99 84°72 24°45 4°86 
4 15°59 2°35 &2°06 34°78 2°96 
5 20°12 1°23 78°65 46°90 1°62 
6 29°95 0°39 69°66 79°00 0°58 


These results give a regular curve (Fig. 3), the scale for 
potassium sulphate being five times that of potassium acetate. 
The solubility of potassium sulphate in water is 10°75 per cent. 
Geidell, Solubilities of Inorganic and Organic Substances), which is 
“uivalent to 12°47 molecules of potassium sulphate per 1000 mole- 
tiles of water. If the curve is produced it will be found to pass 
imost through the point on the ordinate corresponding with the 
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solubility of potassium sulphate in water. The striking feature of 
this system is the rapid decrease in the solubility of potassium 
sulphate with increasing concentration of the acetate. To , 
certain extent the absence of sulphate in the liquid of the systems 
[KC,H,0, + Pb(C,H3,0,).]—[PbSO,+ PbK,(SO,)o] is no doubt cop. 
nected with the marked decrease of solubility of the sulphate jn 
the potassium acetate. The solid phase in the system 
potassium acetate—potassium sulphate was found to consist of 
potassium sulphate containing a little adhering solvent. 
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50 100 
Mols. of potassium acetate per 1000 mols. of water. 


It has already been shown that the solubility of lead sulphate in 
potassium acetate is due to the formation of lead acetate, the 
solubility being influenced in all probability by the solid sulphate 
phases. Whether the sulphates exerted any influence could be 
ascertained by determining the solubility of lead acetate in 
potassium acetate solutions. One or two such saturated solutions 
were obtained by using lead acetate, Pb(C,H,0O,).,3H,0, with 
potassium acetate solutions. The solubility in water alone was 
determined, and found to be 35°9 per cent. of lead acetate 
(anhydrous). 
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Composition of. the Solutions. 
Molecules 
Percentage. per 1000 molecules H,O. 


~ 


Potassium Lead Potassium Lead 

acetate. acetate, Water. acetate. acetate, 
1 «18°87 38°05 48-06 52°97 43-90 
> 15°40 36°91 47°69 59°25 42°88 
3 0 85°90 64°10 0 31°03 

A crystalline solid separated from the solutions on cooling, and 
was found to correspond with Pb(C,H;0,).,3H,O. The solubility 
of lead acetate in potassium acetate is seen to be greater than in 
water. These solubilities are not very different as percentages, 
but, expressed on the basis of a fixed quantity of water, the 
difference becomes marked. 

If lead acetate in solutions gave rise to ions, the addition of 
potassium acetate, which is partly electrolytically dissociated, 
should result in a lowering of the solubility of lead acetate. 
Since, however, the solubility increases, the conclusion that lead 
acetate gives no ions receives additional support. 

The ratio C,H,0,K/Pb(C,H,0,), in this system is less than in 
the system potassium acetate-lead sulphate, the concentration of 
the lead being much less in the latter system. The difference 
must be ascribed to the presence of the sulphate solid phases, the 
tendency of which would be to lower the solubility of the lead. 


Solubility of Lead Sulphate in Sodiwm Acetate Solutions at 25°. 


The sodium acetate solutions were prepared from sodium 
hydrogen carbonate and acetic acid, as in the case of potassium 
acetate, or by using recrystallised sodium acetate. The analyses 
were conducted as in the previous cases, but as the solutions 
contained sulphate it was necessary to determine this constituent. 
In all the cases examined, the proportion of sulphate in solution 
corresponded with the amount of lead present, but was calculated 
to sodium sulphate, since sodium sulphate decahydrate crystallised 
from the solutions on cooling. 


e 
Composition of the Solutions. 


Molecules 
Percentage. per 1000 molecules H,O. 


~ 


Sodium Lead Sodium Sodium Lead Sodium 
acetate. acetate. sulphate. Water. acetate. acetate. sulphate. 
669 O78 0°34 (0°38) 92°19 15°92 = 0°47 0°47 
1176 =. 2°78 1°26 (1°26) 84°25 30°62 1°80 =61°80 
16°90 5°70 = 2°49 (2°58) 74°91 49°49 4°22 4°22 
19°52 8°24 = 360 (3°70) += 68 "24 64°03 = 669 6°69 
21°51 10°75 4°68 (4°77) 63°10 74°78 = 9°41 9°41 
695 = 0°81 035 — 91°90 — _ _ 
VOL, XCV. 3M 
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The figures in brackets are calculated from the barium sulphate 
obtained. The form of the curve (Fig. 2, curve II) somewha 
resembles the curve for the solubility of lead sulphate in potassium 
acetate, the scale of ordinates being five times that of the abscigsp, 

The fact that the amount of sulphate in solution is equivalent 
to the amount of lead necessitates that the solid phase should 
remain as lead sulphate, and this was found to be the case, the 
separated solid containing very small amounts of sodium salts and 
acetates due to the adhering solvent. No double salt of lead and 
sodium was obtained. 


System: Sodium Acetate (Solution)—Sodium Sulphate Decahydrate 
at 25°. 


This system was investigated similarly to the corresponding 
potassium salts, but some difficulty was experienced in obtaining 
representative portions of the liquid at 25°, owing to the tendency 
of the sodium sulphate to crystallise when the solution cooled 
slightly. The temperature-coefficient for the solubility of sodium 
sulphate in water in the neighbourhood of 25° is large (about 13 
per cent.), and this renders it rather difficult to work with clear 
solutions. 

Composition of the Solutions. 


Molecules 
Percentage. per 1000 molecules H,0, 


Sodium Sodium Sodium Sodium 

acetate. sulphate. Water. acetate. sulphate. 
0 21°9 78°1 0 35°5 
4°10 17°72 78°18 11°5 28°7 
eh! 16°48 75°81 22°3 27°5 
12°58 13°50 73°92 37°4 23°1 
16°26 11°50 72°24 49°4 20°2 
20°63 8°10 71°27 63°5 14°4 


The solubility of sodium sulphate decahydrate in water is taken 
from Seidell’s Solubilities of Inorganic and Organic Compounii. 
It will be seen that the curve, ordinates and abscisse being draw 
to the same scale (Fig. 4), is nearly a straight line. In this respect 
the solubility of sodium sulphate is entirely different from that of 
potassium sulphate in potassium acetate, and largely explains the 
inability of sodium sulphate to form a double sulphate with lead. 

The solid phase in the system sodium acetate-sodium sulphate 
decahydrate consisted wholly of sodium sulphate decahydrate, 
which formed in large crystals on cooling. 

One saturated solution of lead acetate in sodium acetate wa 
prepared, with the following results: 

12°58 per cent. of sodium acetate, 32°40 per cent. of lead acetate, 
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and 55°02 per cent. of water; corresponding with 50°2 molecules 
of sodium acetate and 32°6 molecules of lead acetate per 1000 


molecules of water. 
The ratio sodium acetate/lead acetate is of the same order of 


Fic. 4. 
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1000 mols. of water. 


Mols. of sodiwm sulphate per 


50 
Mols. of sodium acetate per 1000 mols. of water. 


magnitude as the ratio potassium acetate/lead acetate found before, 
and although one solubility only is here determined, it points to 
the conclusion that the reason for the solubilities of lead sulphate 
in the two acetates is the same despite the differences in the solid 
phases, namely, the formation of lead acetate in solution. 


East LonpoN COLLEGE. 


XCVIII.—The Rate of Reaction of the Triphenylmethane 
Dyes with Acid and Alkali. Part II. Brilliant- 


green and Malachite-green. 


By Nevit Vincent Sipewick and Tom Srpyey Moore. 


Iva previous paper (Zettsch. physikal. Chem., 1907, 57, 385) we have 
discussed the rate of change of brilliant-green (the salt of tetraethyl- 
diaminotriphenylearbinol) in the presence of hydrochloric acid and of 
alkali. In order to determine the influenc8 on these velocities of the 
acid used and of the dye, we have examined the rate of reaction of 
brilliant-green with nitric acid, and also that of malachite-green, the 
corresponding tetramethyl compound, with nitric and hydrochloric 
acids and with alkali. 

The method of investigation was the same as in our previous work, 

3M 2 
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the depth of colour of the solution being measured in a Donnan 
tintometer against a standard solution of the same dye. The 
temperature was in all cases 21°2°. 

In our previous paper we have stated that two observers may obtain 
readings of the same colour which differ considerably from on, 
another, and yet stand in a constant ratio. Further experience has 
shown that, whilst this is undoubtedly the case, the discrepancy js 
due to some difference in the manner of observing the colour, and 
probably in the focussing of the eye, for with practice it may be 
made to disappear. As the value of the constants obtained depends 
only on the relative concentrations, this difference does not affect it : 
but it is an obvious convenience if the two observers adopt the same 
method and secure identical readings. 

In many of the velocity experiments which follow, the readings 
were taken by the two of us alternately, giving two different 
series of values for the same experiment. In such cases the series are 
distinguished by the letters a and 6 (for example, expt. 24a, 
246). 

I. Brilliant-green and Nitrie Acid. 


We are indebted to Mr. Manley for giving us some specially 
purified nitric acid which he and Dr. Veley had used for determining 
the conductivity. At his suggestion it was treated for some time with 
a stream of ozonised oxygen to destroy any traces of nitrous acid, the 
ozone being then removed by a stream of dry air. After this treat- 
ment it gave no test for nitrous acid. A 0°0212N-solution of this 
was made up, and was kept in a bottle wrapped in paper to exclude 
the light. It remained for more than a year without showing any 
signs of the formation of nitrous acid, 

The brilliant-green was employed as before in the form of the 
oxalate [C,H,-C(C,H,*NEt,),"OH,H,C,0,], and was purified by re 
crystallisation. A V/1000-solution of this was made up (containing 
0-492 gram per litre), and from this a V/20,000-solution was prepared 
of which 10 c.c. were used in each experiment. This volume was 
diluted with water in the tube of the tintometer, its colour measured, 
and then the necessary amount of acid added and the whole made up 
to 50 cc. Thus the initial concentration of the dye was ¥/100,000. 


A. Action Of Nitric Acid on the Dye-salt. 


If the solution of the dye-salt is acidified, its colour gradually 
diminishes, owing to the formation of the (comparatively) colourless 
acid salt, equilibrium being attained after the lapse of several hours 
If A be the length of the balancing column before the addition of acid, 
and a the length after equilibrium is reached, it follows that the 
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glution now contains a concentration of the dye-salt, x, whilst the 
difference A — x represents the amount of acid salt produced. It was 
found (as with hydrochloric acid) that if s be the number of c.c, of 


acid added, the expression acs is constant: that is to say, 


Crayesatt * Cosa = 1% Corie sate 
This result is to be expected if the reaction has the form 
Dye-salt + H* = Acid salt, 
for if k, is the velocity constant for the reaction from left to right, 
and k, that of the reverse reaction, we have at equilibrium : 
kysx = k(A-a) or — = 
The values of &%, and &, may be obtained by observing the fall 
ofcolour at definite intervals of time. By integrating the expression 
for the diminution of colour 
ia = = kon —h(A-2), 


since r,and = A when? = 0, 


k, 
A vA 


we obtain log = - log( - =) = (k,+k,s)t. 


+? s8+r 

The value of » was taken as 11°40, the mean of nine results, of which 
the extreme limits were 11:13 and 11°58, being 11°38. 

The following is a summary of the results obtained in the velocity 
experiments. The fifth column gives the maximum departure of any 
observed value of k,+,8 from the mean. 

It will be seen that (as was the case with hydrochloric acid) they 
rise as the amount of acid falls, and the expression /,s! is constant. 


Summary : Brilliant-green and Nitric Acid. 


ko +ky,s, 

Acidin No. of mean ky ky 

c.c.=s. readings. (decimal). Diff. (natural). (natural). k,st. 

16°10 10 0°0160 0°0004 0°0153 0°00134 0°0385 
0°0162 0°0007 0°0155 0°00136 0°0390 
0°0153 0:0007 0°0171 0°00150 0°0392 
0°0153 0:0007 0°0171 0°00150 0°0392 
0°0145 0:0008 0°0178 0°00156 0°0383 
0°0148 0°0006 0°0181 6°00159 0°0391 
0°0141 0°0010 0°0182 0°00159 0°0378 
0:0140 0°0007 0°0180 0°00158 0°0374 
0°0141 0:0007 0°0191 0°00168 0°0382 
0°0144 00008 0°0195 0°00171 0°0390 
0°0139 0:0008 0°0210 0°00184 0°0381 
0°0141 0°0011 0°0213 0°00187 0°0387 
0°0138 0°0008 0°0233 0°00204 0°0375 
0°0140 0°0010 0°0236 0°00207 0°0379 


Mean = 0°0384 
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B. Action of Nitric Acid on the Carbinol of Brilliant-green. 


If a dilute solution of brilliant-green is treated with alkali, the 

colour disappears and a solution of the carbinol, 
C,H,°C(C,H,"NEt,),-OH, 

is formed. On adding excess of acid to this, three reactions take 

place: (1) the formation of ‘dye-salt; (2) that of the acid salt. 

(3) the dissociation of the latter into the dye-salt and acid, The 

initial concentration A of the carbinol is known, and that of the dye. 

salt at any time ¢ is given by the value of a. 

If y is the concéntration of the acid salt at this time, then that of 
the carbinol is A-a2-y. If the formation of the dye-salt from the 
carbinol is assumed to be unimolecular, and its velocity constant is 
M (which is presumably a function of the acid present, but remains 
constant in each experiment), then the rate of formation of dye-salt in 


reaction (1) is M(A —«-—y), whilst its rate of disappearance ? in re- 
t 


actions (2) and (3) we can calculate from the last series of measure- 
ments ; thus the complete differential equation is 


On integrating this under the condition that when ¢=0, « + y=, 
we obtain, as was shown before, 

Alig - A “ky - M e - Mt 

ky + ky k,+k,s—- M ; 

k,sM 

A ae g—(kotkyst ~ |. l 

(kg+he\kg+he-M) () 

The solution of this equation by the method of trial, as adopted in 
our previous work, is extremely laborious. The calculation is very 
much simplified by the use of a graphical method,* which we owe to 


* If we substitute 
| 
y 


i ( hy re, Ays em hist 
ka+ks A kya +kys 


and 3 = k,st(e—** — P) 
in the above equation, we get 
1 
. P 
= P-y.. 
rd % 
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Mr. H. G. J. Moseley, of Trinity College, to whom our best thanks 
are due. 

The carbinol solution was prepared as before by adding a slight 
excess of sodium hydroxide to the dye-salt, a correction in the value of s 
for this excess being made. The solution was 1V/50,000, and in each 
experiment 25 c.c. were taken and made up to 50 c.c., the solution in 
the tube being thus WV/100,000. The carbinol solution was always 
prepared on the day on which it was used. 

The values of &, and ks are calculated from the equation 
k,st = 0°0384. 

The results obtained are summarised in the following table. 


Brilliant-green Carbinol and Nitric Acid. 


Acid © No. of 
Expt. ine.c.=s. readings. M. Diff. Msi. 

11°98 0°0012 0°0785 
11°98 ° 0°0010 0°0785 
9°96 0°0011 0°0838 
9°96 0°0011 0°0842 
7°96 0°0015 0°0817 
7°96 0°0016 0°0821 
5°89 0°0020 0°0864 
5°89 0°0025 0°0829 
Mean = 0°0823 


As in the case of hydrochloric acid, the velocity constant is inversely 
proportional to the square of the cube root of the concentration of the 
acid. 


Il. Malachite-green. 


A corresponding series of experiments was carried out to determine 
the value of these velocity constants for the homologous malachite- 
green, the salt of tetramethyldiaminotriphenylcarbino]. The substance 
was purified in the same way as the ethyl compound, and the method 


The values of y which satisfy this equation are given as the co-ordinates of the 
points of intersection of the curve 

1 

= 3 


with the line = P- v (4) 


The curve (3) may be drawn once for all. To each observation of ¢ and « 
correspond particular values of P and Q, which are to be calculated from the above 
equation ; and using these values, the line corresponding to the observation is 
drawn. In general, the line cuts the curve in two points, one of which gives a 
spurious root corresponding to k.+k,s=M, the other giving the proper root for the 
observation in question. The value of M is then found by substitution in equa- 
tion (2), 
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of working was identical. The oxalate has the composition expressej 
by the formula 2C,,H,,N.,3C,H,O,, and the stock solution, V/1009 
with respect to the cation of the dye, contained 0°463 gram per litre, 


A. Malachite-green and Alkali. 


The alkali used was 0°0158N-sodium hydroxide, and the tempera. 
ture, as in all cases, was 21°2°. The velocity constants are calculated 


on the unimolecular formula K= Hog’, using decimal logarithms. 
«x 


In this case the calculation can be begun at any point, the value of 
x when ¢=0 being used as A; and hence the earliest stage of the 
reaction, which shows the usual irregularities, can be excluded. In 
expts. 12—18, 10 c.c. of W/20,000-dye solution were used, and the 
initial value of the colour was about 10 cm. In expt. 19, to enable 
a sufficient number of readings to be taken in spite of the great velocity 
of the change, 15 c.c. of dye were used, and the initial colour was 
therefore about 15 cm. ’ 


Summary : n= c¢.c. alkali added. 


No. of 
readings. ; Diff. R/n. 
0°0007 0°0124 
00005 0°0120 
00007 00122 
0°0007 0°0121 
0°0008 0°0116 
00013 0°0119 
0°0006 0°0116 
0°0010 0-0117 


Mean = 0°0121 


> 
= 


* > g 
Oo Ff © FLO “1b bo 


0°8 
i2 
1°4 
17 
1°9 
2°4 
2°5 
3°1 


It is evident, therefore, that, as with brilliant-green, the reactionis 
unimolecular, and the constant approximately proportional to the 
amount of alkali present ; or, in other words, the rate of formation of 
the carbinol is proportional to the product of the concentrations of 
the cation of the dye and hydroxyl. 


B. Malachite-green and Hydrochloric Acid. 


The acid used was 0°0186/. 
The value of r was taken as 11°0, the mean of eight results (limits 
10°92—11°16) being 11-02, 


TRIPHENYLMETHANE DYES WITH ACID AND ALKALI. 


Acid in 

S16. =8. 
20°00 
17°99 
16°02 
14°00 
12°46 
12°00 
10°05 
8:09 
6°03 
4°03 


No. of 


Summary. 


ky +k,s 


readings. (decimal). 


0°0155 
0°0149 
0°0144 
0°0130 
0°0125 
0°0123 
0°0119 
0°0127 
0°0117 
0°0147 


Diff. 
0°0005 
0°0004 
0°0004 
0°0005 
0°0005 
0°0605 
0°0006 
0°0007 
0°0008 
0°0007 


ky 
(natural). 
0°0127 
0°0130 
0°0135 
0°0132 
0°0135 
0°0135 
0°0143 
0°0169 
0°0174 
0°0248 


ky 
(natural). 
0°00115 
0°00118 
000123 
0°00120 
0°00123 
000123 
000130 
0°00153 
0°00158 
0°00225 
Mean = 


C. Malachite-green Carbinol and Hydrochloric Acid. 


895 


Kast. 
0°0344 
0°0341 
0°0340 
0°0318 
0°0313 
0°0310 
0°0309 
0°0338 
0°0317 

[0-0394] 
0-0326 


The carbinol was prepared in the same way as before, and the same 
method of calculation adopted, using the value /,s? = 0°0326. 


Summary. 


No. of 
readings. 
11 
15 
20 


Acid in 
Diff. 
0°0011 
0°0005 
0°0010 
0°0016 


M. 
0°0161 
0°0182 
0°0187 


16 
18 
15 
20 
16 


0°0201 
0:0218 
0°0228 
0°0241 
0°0328 


0°0011 
0°0017 
00015 
0°0021 


Mean 


D. Malachite-green and Nitric Acid. 


Acid, 0:0212-normal. 


The value of the equilibrium constant r= z- s was taken as 8:90, 


the meah of thirteen results (8°69—9°16) being 8°92. 


Acid in 
. 20. =8 
11°95 
11°95 
10°40 
10°40 
8:00 
6°21 
6°05 
6°05 
3°99 
3°99 


No. of 
readings. 
9 
16 
9 
13 


Summary. 


ky +k,s 

(decimal). 
0°0131 
0°0131 
00118 
0°0117 
0°0115 
0°0115 
0°0119 
0°012i 
0°0119 
0°0117 


Diff. 
0°0005 
0°0004 
0°0005 
0°0008 
0°0005 
0°0005 
0°0005 
0°0007 
0°0005 
0°0009 


ke 

(natural). 
0°0129 
0°0129 
0°0125 
0°0124 
0°0140 
0°0156 
0°0163 
0 0166 
0°0189 
0°0186 


ky 
(natural). 
0°00145 
000145 
0°00141 
0:00139 
0°00157 
0°00175 
0:00183 
0:00187 
0:00213 
0700209 


Mean = 


kys. 
070295 
0°0295 
0°0274 
0°0271 
0°0279 
0°0287 
0°0297 
00303 
0°0300 
0°0295 


0°0289 
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E. Malachite-green Carbinol and Nitric Acid. 


Acid in No. of 
Expt. 0.0. =8. readings. 
44 fa. 12 
lb 10 
a. ‘ 12 
45{¢. 12 
46 16 
x "8 14 
a7{5 
b. ‘ 12 
“a. 14 
48{5 
b. 14 
a. 12 
a0{¢ 12 0-0316 
50{ § 15 0°1035 
b. 15 0°1030 00070 
Mean = 0°0830 


SHSSAAH 
NNO SO et = Wo 


III. Comparison of Results. 


In order to compare the various constants obtained, they must be 
referred to the common standard of a normal acid or alkaline 
solution. 

(1) Reaction with alkali—If WV is the normality of the alkali 


used, the mean value of = gives the value of the constant X for a solu- 
n 


tion containing 1 c.c. of this alkali in 50. Hence the velocity (X,) 
in a normal solution of alkali is a > With regard to the calcula- 
n 
tion of this constant in our previous paper, we regret that it contains 
two numerical errors. The strength both of the sodium hydroxide 
and of the hydrochloric acid there used are stated to be greater than 
they really were. The former was actually 00241, and the latter 
00203. Also, in calculating KX, from our results for comparison 
with those of Hantzsch and Osswald, the value used was in decimal 
instead of natural logarithms. The correct value is obtained thus: 


The mean value of ~ for brilliant-green is in decimal logarithms0°01%, 
nn 


and in natural logarithms, 0:0453. Hence for normal alkali it is 
0°0453 x coogi 7942. As we have shown (loc. cit.), the velocity 
deduced from Hantzsch and Osswald’s experiments (Ber., 1900, 33, 
278) by Gerlinger (ibid., 1904, 3'7, 3958) when corrected to 21:2° in 
accordance with their determination of the temperature-coefficient in 
similar cases, is 42°3. Our result is therefore more than twice % 
great. Now these calculations are based on the assumption that the 
true dye-base (the coloured quaternary hydroxide) can be regarded 3 
fully ionised at all the dilutions examined, and hence the concentr® 
tion of the ions can be taken as equal to that of the dye as a whole 


st be 
caline 


alkali 


solu- 
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If so, the change of the dye-base into the carbinol in Hantzsch and 
Osswald’s experiments is bimolecular, whilst in our case, where the 
concentration of hydroxyl] does not alter, it is unimolecular, the con- 
stant being proportional to the amount of alkali used. But it is 
quite possible that whilst this assumption holds in our experiments 
(where V= 100,000 or more), it is no longer true at the greater con- 
centrations (beginning at V=256) investigated by Hantzsch and 
Osswald. If the difference in the two determinations is due to this 
cause, then since the velocity deduced from the conductivity measure- 
ments is 44°9 per cent. of that calculated from our results, it follows 
that at V=256 the concentration of the cation of the dye (or of 
hydroxyl) is 2/0-449 = 0°670 of that of the dyeas a whole; that is, that 
the dye-base is only 67 per cent. dissociated. Nor does this result 
seem improbable if we consider that this is a higher degree of dissocia- 
tion than was found at the same dilution by Bredig (Zeitsch. physikal. 
Chem., 1894, 13, 299) for any secondary or tertiary amine. A base 
which is 67 per cent. ionised at V=256 has a constant 4=0-00531, 
whilst for diethylamine (the strongest of Bredig’s secondary bases) 
k=0:00126, and for triethylamine (the strongest tertiary base) k= 
090064. 

We may therefore conclude that the discrepancy between Hantzsch 
and Osswald’s results and ours is due to the dye-base not being wholly 
ionised at the greater concentration.* If this is so, the bimolecular 
formula applied by Gerlinger to their numbers cannot strictly hold ; 
and this may account for the large and unexplained corrections which 
he was compelled to make in the conductivity measurements in order 
to bring them under this formula. 

If this value of the dissociation constant of the dye-base is correct, 
it is not completely ionised even at the dilutions which we have used, 
and hence our results should show a falling off of X/n with increase of 
n, The tables given for brilliant-green in our previous paper, and for 
malachite-green in this paper, indicate that such a falling off does 
occur, although it is scarcely beyond the limits of experimental error, 
and is much less than that calculated on the basis of £=0-00531. 
This may be taken as a proof that the value of & derived from the 
comparison with Hantzsch and Osswald’s results is too small, and that 
the dye-base is really more completely ionised than we have supposed. 
In view of the various assumptions and approximations which the 
comparison necessitated, it is very probable that this is the case. 

(2) Reaction of the dye-salt and carbinol with acid.—For the 
equilibrium constant r we have: 

_ 2£.8 
a ee 


* An analogous instance, of a much weaker base, is described in the following paper. 


r 
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where s is the number of c.c. of acid of normality V in 50 c.c. of the 
solution. The actual normality of the acid is thus sN/50, and the 
value of r must be multiplied by V/50 to give the normal constant 
Tn 

The constants &, and &, of the reversible formation of the acid salt 
from the dye-salt are given by 

dx 

7 ks + kA — =). 
Hence the value of &, for any particular strength of acid is unaltered, 
But the expression which was found to be independent of the acid, 
k,8%, must be referred to a normal acid, and therefore becomes 
while k,n is obtained by dividing kyn by rn. 

In the same way the carbinol constant M is itself independent of 
the units in which the acid is measured ; but the constant expression 


Ms? becomes 


3 
NM = Md x (=) - 


The normal values of the constants so determined are given in the 
following table. Those obtained for the unsubstituted diamino- 
triphenylcarbinol in the work described in the following paper are 
added for the sake of comparison. 


Brilliant-green Malachite-green Diaminotri- 
(tetraethyl-). (tetramethyl-). phenylecarbinol. 

94°2 87°3 — 
0°00390 0°00409 0°0080 
0°00483 0°00377 ae 
0°06244 0°00234 0700355 
0°00288 0°00217 — 
0°626 0°572 4°44 
0°596 0°576 = 
0°000428 0000489 0°00157 
0°000464 0°000474 a 


This comparison shows that neither the replacement of the four 
ethyl by methyl groups, nor the substitution of nitric for hydro 
chloric acid, makes any considerable difference in the constants. The 
first of these results was to be expected ; but the second, the fact that 
the values with nitric and hydrochloric acids in no case differ by as 
much as 25 per cent., is certainly remarkabie. 


DavuBEeNY LABORATORY, 
MAGDALEN COLLEGE, 
OXFORD. 
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XCIX.—The Rate of Reaction of the Triphenylmethane 
Dyes with Acid and Alkah. Part III. Diamino- 
triphenylearbinol. 


By Nevin VINCENT Sip@wicK and ALBERT CHERBURY Davin RIVveETT. 


Tae rates of change of diaminotriphenylcarbinol and its salts in 
presence of acid and alkali were investigated by the method described 
in the preceding paper. 

The substance was prepared according to the directions given by 
Baeyer and Villiger (Ber., 1904, 37, 2860). We are indebted to 
Mr. D. Ll. Hammick, Demy of Magdalen College, for kindly carrying 
out this preparation. ‘The dye was purified by repeated recrystallisa- 
tion, first as the methyl ether, and then as the hydrochloride, the salt 
which was actually employed. 

Of this salt a V/500 solution was prepared by dissolving 0°308 gram 
in 500 c.c. of water. The working solution (V/12,500) was prepared 
by diluting 10 c.c. of the first solution to 250, and of this, 5 c.c.* were 
taken for each experiment and made up in the tube of the tintometer 
to 50 c.c., so that the actual concentration of the dye in each case 
was V/125,000. 

The salts of diaminotriphenylcarbinol are reddish-purple in strong 
solution, and pale pink at the highest dilutions employed. They 
are rather less deeply-coloured than those of brilliant-green and 
malachite-green. As regards the ease of measurement, there is no 
doubt that this pink dye is a greater strain on the observer than 
the greens. The accuracy of the measurements is, on the whole, 
nearly, if not quite, as great, but the liability to occasional large 
errors, which may always occur with this method, but which can 
be eliminated by a repetition of the measurements, or by comparison 
with other results, is greater with a pink than with a green solution. 

The investigation may be divided, as before, into three parts : 

(1) Action of alkali on the dye-salt. 

(2) Action of acid on the dye-salt. 

(3) Action of acid on the carbinol. 


I.—Action of Alkali on the Dye-salt. 


In the case of this dye, the rate of formation of the carbinol is 
so great that its measurement is attended with some difficulty. It 
was found necessary to use an alkali solution not stronger than 
4/500, in spite of the errors which this high dilution must cause, 
especially through the absorption of traces of carbon dioxide, and to 


* In certain cases, twice this quantity of the working solution was used. 
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make the observations as quickly as possible. If the adjustments 
of the tintometer to equality of tint are made by one observer, while 
the heights of the liquid are read and recorded by the other, it jg 
possible with practice to take at least two readings a minute.* The 
range of observation can also be extended by taking twice the usual 
quantity (10 c.c.) of the working solution, and in some experiments 
this was done. The initial readings are always less trustworthy, 
and the reaction being unimolecular, the calculation can be begun 
at any point in the series. When the larger quantity of dye 
is used, these initial stages take place outside the range of the 
tintometer. 

The alkali used was 0°00198N-barium hydroxide. The temperature 
was, in all cases, 21‘2°. The times were read to the nearest 5 seconds, 

The velocity constant X is calculated according to the unimolecular 
equation 


1 A 
K =-_log _, 
: "= 


A being the concentration (height of the balancing column in the 
tintometer) of the dye-base at time 0, and a the concentration at 
time ¢. 

The actual depth of colour at the moment of adding the alkali was 
about 10 cm. where 5 c.c. were used, and about 20 cm. where 10 ec, 
were used. 

Summary 


Alkali No. of 
Expt. in ¢c.e. readings. K (obs.). Diff. * K (cale.).t 
1 0°72 13 0°098 0°008 _ 
2 0°88 10 0°096 0°006 — 
3 1°67 1l 0°089 0°005 
a 1°79 8 07101 0°013 — 
5 2°13 10 0°107 0°007 _ 
6 3°11 6 0°116 0-009 _ 
7 3°70 7 0°114 0°008 0°102 
8 3°90 10 0°125 0°009 0°106 
9 3°98 6 0°123 0°006 0°107 
10 6°10 9 0143 0°003 0°143 
11 7°94 12 0°165 0°015 0°167 
12 9°83 9 0°184 0-011 0°187 
13 11°68 7 0°214 0°015 0°204 
14 15°02 6 0°239 0°011 0°227 


* This column gives the maximum departure of any observed value of K from the 


mean. 
t The basis of this calculation is given later. 


In the case of brilliant-green and malachite-green, it was found 
that the reaction was unimolecular for any given quantity of alkali, 
and that the constant so obtained was approximately proportional to 


* In most of the experiments, the whole change took less than five minutes. 
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the amount of alkali taken, that is, that the rate of formation of the 
carbinol was proportional to the product of the concentrations of the 
cation of the dye-base (as this might be assumed to be practically 
entirely dissociated) and the hydroxyl ion. Since the concentration of 
the undissociated dye-base must, by Ostwald’s law, be proportional to 
this same product, these results are to be expected if the carbinol 
is formed either from these two ions or from the undissociated 
dye-base, or from both. 

In the present case, whilst the unimolecular formula gives concordant 
results in each experiment, it will be seen that the constant increases 
much more slowly than the alkali, an increase in the latter from 
09c.c. to 15 ¢.c. raising the constant less than two and a-half times. 
Now this unsubstituted dye is a much weaker base than its tetra-alkyl 
derivatives, for its hydrochloride is considerably hydrolysed in dilute 
solution, as will be shown later. We are therefore not justified in 
assuming that it is wholly dissociated. Let &, be its dissociation 
constant, A the total concentration of the base, x the fraction ionised, 


and a the concentration of the alkali. Then by Ostwald’s law 
— Creation X Con 


Cundiss. base 


therefore 
therefore 


If the carbinol is formed from the ions of the base, its rate of 
production will be 


If it is formed from the undissociated base, the rate is 
dy 


at - ks x Cundiss. base 


In any one experiment a is constant, and both (1) and (2) reduce 
to the form Axconst. Hence the reaction in these circumstances 


r 


should be unimolecular, as it was found to be, the observed constant X, 


since it is obtained by integrating the equation ee . A, being in 
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k a i 
the first case equal to k,.a@.—1!~ ork,.k,. -——, and in t 
q hee ae n the second 


to k, . As k, is a constant, we have in either case 


a 
k,+a 


Ze. const. 
1 +a 


It is obvious that if 4, is very large, so that a may be neglected in 
comparison with it, this expression reduces to : x,comst. ; that is, 


when the base is very strong (as in brilliant-green), X will be propor. 
tional to a, as was there found to be approximately the case. If k, is 
not very large, the increase of X wil] be less than that of a, and for 
any given value of &, this increase can be calculated. In the present 
case, the value of k, which gives the closest agreement with experi- 
ment is 0:0004, which is nearly twenty times the “ apparent” 
dissociation constant of ammonia (0°000023) and a little less than that 
of methylamine (0°0005), while it is about a twelfth of that (0°0531) 
deduced for the tetraethyl compound (brilliant-green) in the preceding 
paper. The numbers given in the sixth column of the summary are 
calculated on this assumption, taking k, as 0°38. It will be seen that 
they agree very fairly with observation when more than 35 cc. 
of alkali are used, that is, when the alkali is more than 2/7000. 
When less alkali is used, the calculated values are much lower than 
the observed ; for example, for 2°13 c.c., 0°066 instead of 0°107, and for 
0°72 c.c., 0°025 instead of 0:098. At such dilutions there are obvious 
possibilities of error, but there would also seem to be some new 
factor concerned, perhaps connected with the hydration or ionisation 
of the second amino-group, which we are unable to take into account. 

The question whether the carbinol is formed from the ions or from 
the undissociated base, or from both, is so far left open, and no 
conclusive answer can be given to it. But the following consider- 
ations make it probable that the reaction is due, at ieast in the main, 
to the undissociated portion. It was shown that the dissociation con- 
stant of the dye-base of brilliant-green is at least 0°00531 (it is 
probably considerably greater, but this value may be taken for 
the purpose of the calculation), and that the mean value of X in 
a solution of this dye containing 1 c.c. of 0°0241 N-alkali in 50 is 
00196. If the reaction is due to the ions, then since 

K=k,.a. a. 
7 k, +a 

therefore 00196 =k, x 0°000481 x 0°917 ; 
therefore k, =44°5 
referred to a normal alkali solution, 


TRIPHENYLMETHANE DYES WITH ACID AND ALKALI. 903 


If the reaction is due to the undissociated part, we have 
K=},x—*—; 
3* kta’ 
therefore 0:0196 =k, x 0-088 ; 
therefore k, = 0°236, 


In the case of the diamino-compound we have seen that if it is the 
undissociated part which reacts, k,=0°38. If it is the ions, then 
since 

K=0'143 with 6°10 c.c. alkali, 
therefore 0°143 =k, x 0°000242 x 00004 + 0:000642 ; 
therefore k, = 948-0. 

Hence, if the carbinol is produced from the undissociated part of 
the base, the reaction velocity ‘of the unsubstituted dye is 
0:38 + 0°236 = 1°6 times as great as that of the tetraethyl derivative, 
whereas if it is formed from the ions it is 948+44:5=21'3 times 
as great. Now we have shown (see table at the end of the preceding 
paper) that the absence of the alkyl groups increases the velocity with 
which the dye reacts with acids, but on the average not more than 
3 to 4 times. It is therefore unlikely that the velocity constant 
of the carbinol formation should be increased more than twenty- 
fold, and we may thus conclude that it is the undissociated part 


which undergoes the change into the carbinol, and not the ions. The 
same conclusion is indicated by the work of Dimroth (Annulen, 1904, 
335, 1) on the triazoles, and that of Walker and Kay (Trans., 1897, 
71, 489) on the conversion of ammonium cyanate into carbamide; in 
both cases it was found that the change was much more rapid in 
alcohol (where the dissociation must be less) than in water. 


IIl.—Action of Acid on the Dye-salt. 


In the case of brilliant-green and malachite-green, any addition 
of acid, however small, to the solution of the dye-salt causes a 
diminution of colour, owing to the formation of the acid salt. But 
with the unsubstituted dye a very small addition of acid causes 
an increase of colour, whilst a further addition makes the colour 
less again. These changes are not instantaneous, but are complete in 
afew hours. The maximum colour is produced by adding about 
017 cc. of 0-0186N-hydrochloric acid to 50 c.c. «of N/125,000 solu- 
tion of the dye-salt, that is, when the acid is about V/15,800. This 
change is obviously due to the salt in this case being hydrolysed, and 
we should expect this dye to be a weaker base than its tetra-alkyl 
derivatives. The free base thus liberated will change over to a great 
extent into the colourless carbinol, which remains in solution, and 

VOL, XCV. 3 .N 
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hence the colour will diminish. The addition of a small quantity 
of acid will diminish the hydrolysis, and therefore increase the colour, 
while a larger addition will cause the colour to decrease again, owing 
to the formation of the acid salt in the usual manner. 

In order to determine the amount of this increase of colour, four 
tubes were filled with 50 c.c. of the W/125,000 dye solution, and to 
two of them was added 0°17 c.c. of the acid. The tubes were kept for 
some hours at 21°, and then measured. The colour of the tubes 
to which no acid had been added was 10°39 and 10°21 cm. : mean 10°30, 
That of the other two was 13°99 and 13°80 cm.: mean 13°90, Thus 
the mean value of the maximum increase of colour is 35 per cent, 

The solution to which this excess of acid has been added is still to 
some extent hydrolysed, whilst at the same time it must contain 
a certain amount of the acid salt. It can be shown that the amount 
of hydrolysis remaining is small. We may assume that the salt obeys 
the law of hydrolysis for the salt of a strong acid and a weak base, 
that is: 

Cacia X Coase _ 77 
Csalt : 
where H is the hydrolytic constant. The above measurements show 
that at a dilution of Y= 125,000 about a third of the salt is hydrolysed. 
Hence 


3V3V) 3V 6V 


The amount of acid added gives a strength of W/15,800. If « 
is the degree of hydrolysis after this addition, the concentration of 
the free base is «/V, whilst that of the salt, since 2 is small, may 
be taken as.1/V. Therefore: 

(sao xo) + b= a or w= 0-021, 
that is, the remaining hydrolysis is about 2 per cent., and is almost 
within the limits of experimental error. 

We have still to determine the amount of acid salt present in 
the liquid. As will be shown later, the equilibrium between dye-salt 
and acid salt in the presence of excess of acid is given (as in the previous 
cases) by the expression 


¢ x 7) oo ow Ba, 


Caye-salt 


a x Cacia = constant ; 
acid salt 


and in the case of this dye, if the concentration of the acid is 
expressed in terms of the number of c.c. of the acid in 50 ce. of 
the solution, the value of the constant is 2:15. Hence if 4d’ is the 
colour of the solution when the whole is in the form of dye-salt, and 
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zits colour after 0°17 c.c. of acid has been added, then A’ —« corre- 
sponds with the amount of acid salt present, and we have 


© 0-17 = 2°15 
—-2Z 


A’ =1:-09z2. 

This enables us to determine the degree of hydrolysis more accu- 
rately. The mean value of the colour of the acidified solution was 
found to be 13°90 cm. Had no acid salt been formed, it would have 
been 13°90 x 1:09=15°2. This must be increased by 2°1 per cent. for 
the residual hydrolysis, giving 15°5 cm. The mean value in the 
absence of acid was 10°3 cm. Hence the fraction hydrolysed is 
(155 - 10°3)+15°5=0°335. From this we can calculate the strength 
of the base by means of Arrhenius’ equation (compare Walker, 
heitsch. physikal. Chem., 1900, 32, 138) : 

a = Ky? 
(l-a)V ok’ 
where x is the hydrolysed fraction of the salt, XK, the dissociation 
constant of water (about 1 x10-? at 21°), and & that of the base. 
This gives k=7°5 x 10~°. 

The value obtained for the dissociation constant of the dye-base 
from the alkali experiments was 4x 10-4: about 50,000 times as 
large. But it is clear that the hydrolysis of the salt solution depends, 
not on the strength of the dye-base, but on that of the system (dye- 
base — carbinol) at equilibrium. When the solution is allowed to 
stand, as in the measurement of hydrolysis, the dye-base which is at 
first liberated must change over into the carbinol, and this will cause 
further hydrolysis, whilst the determination of the strength of the 
dye-base from its rate of change in presence of alkali indicates the 
basicity of this form itself. We have, in fact, here a real case of the 
“abnormal hydrolysis” of a pseudo-base, and the objections which 
Kauffmann (Zeitsch. physikal. Chem., 1904, 47, 618) has brought 
against this phenomenon in general do not apply to this case, since 
they were based on the assumption that equilibrium was attained. 
The calculation of the proportions at equilibrium of the dye-base and 
the carbinol is rendered difficult, if not impossible, by the fact that the 
latter is itself a base (although weaker than the dye-base), and hence 
will combine with some of the hydrochloric acid. 

For the calculation of the velocity experiments with acid, it is 
necessary to know the initial value of the colour when the substance 
is present wholly as dye-salt. In order to eliminate hydrolysis, the 
working solution (V/12,500) was made up with 34 c.c. of 0°0186N-acid 
to the litre. For each experiment, 5 c.c. of this solution (containing 
017 c.c. of acid) were placed in the tintometer tube, and so much 


water added as with the acid to be used would make up 50 c.c. The 
3.N 2 


A’ 
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tube was allowed to stand several hours at 21° to attain equilibrium, 
and its colour read. : From the observed value (A), the corrected value 
(4’), allowing for the amount of acid salt present, can be obtained by 
means of the formula given above. The correction varies slightly 
according to the volume of the liquid, as this affects the strength of 
the acid. 

The quantity of acid required to make up the 50 c.c. was then 
added from a burette, and a series of readings taken at known 
intervals of time. 

The amount of acid salt formed at equilibrium was determined by 
measuring the colour after the solution had remained at 21° for at least 
five hours, and in many cases overnight. If A’ is the corrected initial 
value, and # the final reading, the constant 7 is calculated from the 
equation : 

eXs _. 
A'-% ~ 

The mean value obtained for 7 from twenty-one experiments, in 
which the acid varied from 1°22 e.c. to 10°10 c.c., and the extreme 
limits of r were 2°06 and 2°24, was 2°15. 

This constant represents the ratio of the velocities k, and k, in the 
reversible reaction : 

dye-salt + HCl =acid salt, 
when key X Cuca X Caye-satt = ke * Cacia satt> 

The fact that at the beginning of the experiment the solution con- 
tains a small quantity of acid salt introduces a slight modification 
into the integration, which takes the form 

(s—8,).A.r ¢.4\ 
log +8)(r+8,)_ log(# a ) =a then 
where s, is the amount of acid (0°17 ¢.c.) present in the solution to 
begin with, and s the total quantity present when the reaction starts. 
The results of the velocity experiments are summarised in the following 
table : 
Summary. 
Acidin No.of k,+hks ky ky 
Expt. ¢.c.=s. readings. (decimal). Diff. (natural). (natural). k,s3. 
9°69 17 0°140 0°007 0°0585 0°0272 0°0847 
9°04 20 0°139 0°007 0°0615 0°0286 0°0860 
8°20 10 0°135 0°010 0°0645 0°0300 0:0859 
7°46 18 0°136 0°008 0°0701 0°0326 00890 
7°29 19 0°132 0°006 0°0692 0°0322 00869 
5°06 17 0°115 0°007 0°0791 0°0368 00828 
2°86 14 0°111 0-011 071099 0°0511 0 0864 
2°80 18 0°105 0°004 0°1051 0°0489 00818 
2°30 12 0°115 0°006 0°1281 0°0596 0°0904 


1°81 15 0°106 0°005 0°1324 0°0616 0°0829 
1°56 9 0°109 0°007 0°1456 0°0677 00846 


Mean = 0°0856 


eo See me OO EL OS eS eae 
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It will be seen that the value of &,s!, and hence also that of 4,s!, 
remain approximately constant. Im the case of the tetra-alkyl 
derivatives, brilliant-green and malachite-green, it was found that the 
expression k,st was practically independent of s so long as this was 
not too small. It is probable that both these expressions are 
merely approximation formule. The fact that in all cases the velocity 
constant diminishes as the acid increases suggests that it is the 
hydrolysed portion of the salt that reacts, but the laws governing the 
hydrolysis in such cases as these are too complicated to be worked out 
until we have more knowledge of the behaviour of the simpler com- 
pounds, and especially of the monoamino-derivatives. 


III.—Action of Hydrochloric Acid on the Carbinol. 


The reactions here are the same as in the case of brilliant-green 
and malachite-green, and the velocity constant M/ can be calculated 
from the equation given in the preceding paper (p. 892), using the 
values /,st = 00856 and k, =k, x 2°15. Mr. Moseley’s graphic method 
(described in the last paper) was employed for solving the equation. 

The carbinol solution was prepared as follows. Five c.c. of the 
working solution (V/12,500, with 34 c.c. of acid per litre) were placed 
in the tube and water added. After the tube had remained for some 
hours at 21°, the colour A was read, from which A’ was calculated 
as before. Then a small quantity (about 0°35 c.c.) of W/50-barium 
hydroxide was run in, and the solution left to stand. The alkali 
being in excess, the colour practically vanishes after half an hour, 
and the carbinol solution is ready. The required amount of acid 
was then added, and the readings taken. For the purpose of the 
calculation, the acid used is, of course, corrected for the small excess 
of alkali employed. 

Summary. 
Acidin No. of 
Expt. c.c.=s. readings. M. Diff. 
26 0°56 0°019 
27 0°66 0°014 
28 0°91 0°010 
29 1°18 0°009 
30 1°36 0°009 
31 1°47 0°008 
32 1°83 0°004 
33 2°03 0°014 
34 2°42 0°009 
35 2°45 0°008 
36 2°95 0°006 
37 3°14 0°010 
38 3°73 0°007 
39 4°23 0°005 
40 4°58 0°005 
Mean 
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This shows that, as with brilliant-green and malachite-green, the 
the value of Ms? is practically independent of s. 

The values of r, &,, k,, and M for normal acid are given at the end of 
the previous paper, for comparison with those obtained for the other 
dyes. It will be seen that k, is about seven times, k, 1°5 times, 
and & three times, as great as with the tetra-alkyl compounds. The 
veloc ty of reaction with alkali (formation of the carbinol) is, as 
has already been explained, about 1°6 times as great if we suppose it 
to be due to the undissociated portion of the dye-base, and twenty-one 
times as great if it is due to the ions. 

DaAvuBENY LABORATORY, 


MAGDALEN COLLEGE, 
OXFORD. 


C.—Labile Isomerism Among the Acylsalicylamide, 
Acylhydroxyamine, and Phenylbenzometoxazine Groups. 


By Artaur WatsH TITHERLEY and WiLi1AmM Loneton Hicks. 


THE peculiar rearrangement phenomena which have been recorded in 
the acylsalicylamide group by the authors (Trans., 1905, 87, 1207), 
McConnan and Titherley (Trans., 1906, 89, 1318), and McConnan 
(Trans., 1907, 91, 196) have been shown by McConnan and Titherley 
to be intelligible on the assumption that an intermediate unstable 
cyclic hydroxymetoxazone is produced; and, for example, the 
mechanism of the reversible change of O-benzoylsalicylamide to 
N-benzoylsalicylamide was explained thus: 
CO-NH, — CO-NH = 
CH.<o.copr: — CoH 66 (0H)-Ph — 
C,H, a NH:COPh 

Auwers (Ber., 1905, 38, 3256), however, explained this change by 
free wandering of the acyl group, and later published a further 
criticism (Ber., 1907, 40, 3506) of the cyclic theory of McConnan 
and Titherley. The object of the present paper is to deal with Auwers' 
criticism, and to describe the behaviour of phenylbenzometoxazone 
with phosphorus pentachloride, which has been recently investigated. 

It is admitted by McConnan and Titherley (Joc. cit.) that Gerhardt’s 
compound (m. p. 208°) must be given the N-benzoyl formula as first 
urged by Auwers, and they have directly proved this by the fact that 
it yields the O-methyl ether, CH,-O-C,H,-CO-NHBz with diaz- 
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methane. Further, it must be admitted that the so-called 
«eoumarazines” of Cebrian (Ber., 1898, 31, 1592), in which a cyclic 
metoxazone structure appeared similar to that under discussion, can 
have no bearing on the problem, since Titherley and Marples (Trans., 
1908, 93, 1933), in repeating Cebrian’s work, have shown that his 
supposed cyclic derivatives possess an open-chain structure. 

Auwers’ theory of acyl wandering is based on his comprehensive 
study of rearrangement phenomena among acylated ortho-amino- 
phenols, hydroxybenzylamines, and related derivatives (Ber., 1900, 33, 
1923 ; Annalen, 1904, 332, 159 ; Ber., 1904, 37, 2249, 3903, 3915, 
3920). He has shown that O-acyl-o-aminophenols, OAc*C,H,-NH,, 
and 0-acyl-o-hydroxybenzylamines, OAc‘C,H,°CH,*NH,, are, in 
general, too unstable to exist, and that when attempts are made to 
prepare them, the W-acyl isomerides usually result. Im a few cases, 
however, such O-acyl derivatives are capable of existence. Sdéderbaum 
and Widman (Ber., 1889, 22, 1665), and Paal and Bodewig (Ber., 
1892, 25, 2961), have shown that O-acetyl-o-aminobenzy] alcohol, 

CH,°CO-0-CH,°C,H,’NH,, 

is capable of existence, and this has been fully confirmed by Auwers 
(Ber., 1904, 37, 2249). The O-acetyl derivative of o-nitro-o-hydroxy- 
phenylbenzylamine, OAc*C,H,°CH,:NH°C,H,°NO,, has also been 
isolated (Paal and Hartel, Ber., 1899, 32, 2057), but the correspond- 
ing compounds with the nitro-group in the meta- and para-positions 
could not be obtained. Sufficient evidence has not yet been ac- 
cumulated to account for the differences in stability of such O-acyl- 
derivatives, but the following facts are evident. 

(1) The stability of O-acyl derivatives depends on the nature and 
orientation of substituent groups, and not on the nature of the acyl group. 
With regard to the latter, Auwers showed that heavy groups, like 
benzoyl and palmityl, underwent transport as readily as light groups, 
like acetyl, and that the negative character of the acyl group does not 
exert any sensible influence. 

(2) The mobility of the acyl group in such O-acyl derivatives 
is confined to amino-o-hydroxy-derivatives, as was first indicated 
by Einhorn and Pfyl (Annalen, 1900, 311, 34), who showed that no 
wandering occurred in the meta- and para-series of O-acylamino- 
phenols. 

As in all cases, the N-acyl isomeride appears to be the most stable. 
Auwers assumes that the nitrogen atom, by its basic nature, exerts an 
attractive influence on the acyl, thus providing the acyl group with a 
tendency to leave the O-position, and apart from the theory of free 
wandering it is probable that the nitrogen atom has some influence of 
this kind. But Auwers does not appear to have sufficiently considered 
the possibility of a cyclic mechanism in relation to his changes. In 
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his earlier paper (Annalen, 1904, 332, 159) it is true he considers the 
possibility of a ring formation in the first change of this kind noted by 
Boéttcher (Ber., 1883, 16, 629), namely, the fact that o-nitropheny] 
benzoate, NO,°C,H,*OBz, yields on reduction VW. -benzoy]-o-aminophenol, 
OH:C,H,-NHBz, which might be due to the intermediate production 


of the cyclic derivative, 0,8, <S>0-6,4, ; but he dismisses the 


idea of a cyclic mechanism, because in the rearrangement observed by 
Ransom (Ber., 1900, 33, 199), in which CO,Et-O-C,H, NH, 
spontaneously changes to OH:C;H,*NH:CO,Et, no such intermediate 
ring is possible. 

Further, in the rearrangement of the O-acetyl derivative of o-hydroxy- 
benzylaniline, OAc-C,H,-CH,-NHPh, Auwers states (Annalen, 1904, 
332, 162) that here no intermediate ring is possible. He thus overlooks 
the possibility of a hydroxy-cyclic derivative, as in the case of Ransom’s 


compound on = ee, which by migration of the hydrogen 


atom might give OH-C,,H,*-NH-CO,Et, and in the case of his own com- 
CH,°NPh 
pound, CsH.< 9” 4(0H)-CH, 
OH:C,H,°CH,*NAcPh. 

Such a cyclic mechanism, similar to that which the authors hold is 
involved in the acylsalicylamide rearrangements, would explain why 
the character and weight of the acyl group (which on a theory of 
simple wandering might be expected to exert a very marked influence) 
appear to have little or nothing to do with the changes. It would also 
explain why the changes are confined to the ortho-series, since it is 
only with ortho-derivatives that such cyclic systems are possible. If 
simple wandering occurs, it is difficult to see why a para-situated acyl 
group should not migrate, having regard to the close relation of ortho 
and para-positions in such rearrangements as those shown by diazo- 
amino-compounds, symmetrical hydrazines, etc. 

Auwers (Ber., 1907, 40, 3506) opposes the cyclic theory on the 
ground that seven-membered rings would be involved in the re- 
arrangements which he has observed among o-hydroxyhydrazone 
derivatives, for example : 


CH:N-NHPh Ce 


CH:N-NPh-COR 
CH.<on 
This objection can scarcely be considered serious, having regard to 
the fact that the cyclic theory would postulate the formation of such 
seven-membered rings only as an unstable and intermediate phase in 
the rearrangement. 


, which similarly might give 
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With regard to the acylsalicylamides, Auwers in his last paper 
(Ber., 1907, 40, 3506) admits the possibility of a cyclic mechanism in 
so far as the change from N-acyl- to O-acyl-salicylamide is concerned, 
although for the reverse change (O-acyl to N-acyl) he adheres to the 
theory of free wandering, at the same time accounting for the 
existence of O-acylsalicylamides (in contradistinction to the non- 
existence of O-acyl derivatives of the amines, OH°C,H,-CH,-NHR) by 
assuming that the more weakly basic nitrogen atom in the amide has 
a lower affinity for the acyl group than the nitrogen atom of 
the corresponding amines. No exception can be taken to the latter 
proposition, but the cyclic theory which he puts forward as an 
explanation of the change of acyl from J- to O- involves a loss of 
water for which there is no evidence in the change observed by 
McConnan and Titherley (oc. cit.), thus: 


coO—NH _ 
CHi<oy doph ——> 


CO-NH 
CoH.<.00Ph* 


The loss and subsequent assimilation of water he states is due to 
the influence of acids ; and this view of the rearrangement is based on 
the analogy of the change to the following important transformation 
which he has effected with the N-acetate of o-aminobenzyl alcohol 
0H-CH,"C,H,-NHAc (Ber., 1904, 3'7, 2249). 

When the latter in ethereal solution was treated with hydrogen 
chloride or bromide, a solid, crystalline precipitate was formed, 
which proved to be the salt of the ring compound, 

NH-CMe:OH 
CH<oH.,-d , 
this, however, lost water on treatment with bases, forming the 
previously known ring, OH<o 2" “u-methylphenpentoxazole, 
2 
which was identified by its picrate, etc. The unsaturated ring itself 
is stable, but its salts in aqueous solution absorb water, yielding the 
salt of the O-acetyl derivative of o-aminobenzy! alcohol : 


HBr):CMe NH,,HBr 
Hoe} TS OOH OAc" 


The free base is a colourless oil, which gradually changes into its 
isomeride, the V-acetyl derivative, OH:CH,°C,H,-NHAc. 

It is on these grounds that Auwers, in the acylsalicylamide group, 
assumes in the change O-acyl —-> N-acyl a free wandering of the acyl, 


”? 
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whilst in the change N-acyl —> O-acyl (through the agency of acids) 
he assumes the formation of an intermediate unsaturated ring, 
CO-N 
; 1 
CHC Ph’ 


similar to that which he obtained. The transformation of N-benzoy- 
salicylamide to O-benzoylsalicylamide is effected by boiling with pure 
acetic acid, which may (although improbably) act as a dehydrating 
agent and so produce this hypothetical ring compound, but this view 
is rendered unlikely, since other similar changes (for example, that of 
N-benzoy]-O-acetylsalicylamide into O-benzoyl-N-acetylsalicylamide, 
and this into an isomeride melting at 106°: see McConnan and 
Titherley, Joc. cit.) may take place in the presence of pyridine, or 
even an inert solvent, and, moreover, it is not possible for water to be 
eliminated in such rearrangements. These circumstances, and especially 
the latter, strongly militate against Auwers’ cyclic hypothesis, 
Perhaps, however, the most striking circumstance in favour of the 
intermediate existence of a hydroxymetoxazone ring is the fact 
established by one of the authors (Trans., 1907, 91, 1419) that 
phenylbenzometoxazone on oxidation passes directly into V-benzoyl- 
salicylamide. 

Since a relation is thereby proved between a hydroxymetoxazone 
ring and an JN-benzoylsalicylamide, whilst Auwers admits the possi- 
bility of a relation between a metoxazone ring (although unsaturated) 
and O-benzoylsalicylamide, it appears reasonable to assume that a 
cyclic mechanism may be applied to an acyl change in either 
direction. 

In order to throw further light on the relation between phenyl- 
benzometoxazone and J-benzoylsalicylamide, attempts have been 

, CO‘NH 
made to isolate 2-chloro-2-phenylbenzometoxazone, CH CIPh’ 
without success ; but the behaviour of phenylbenzometoxazone with 
phosphorus pentachloride has given remarkable results. In the cold, 
using molecular proportions, simple replacement of the carbonyl 
oxygen by two chlorine atoms appears to take place without evolu- 
tion of hydrogen chloride, forming 4: 4-dichloro-2-phenylbenw- 
metoxazine, which, however, has not yet been isolated. By taking 
two or more molecules of phosphorus pentachloride and warming in 
chloroform solution, hydrogen chloride is lost, and the hydrogen atom 
in the 2-position is replaced by chlorine,* thus yielding-the 2:4 


* This substitution, in which.phosphorus pentachloride acts like a chlorinating 
agent, although unusual, finds a parallel in the chlorination of aromatic side-chains 
(although at higher temperatures) by Colson and Gautier (Compt. rend., 1886, 102, 
690); in the chlorination of the aromatic ring, producing p-chloroanisole from 
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jichloro-derivative, which, however, immediately reacts with the 
phosphoryl! chloride, yielding a bright yellow, crystalline powder. At 
the same time, a large quantity of the intermediate 4-chloro-deriv- 
ative decomposes, forming benzylidene chloride and phosphorus 
derivatives of salicylonitrile under the influence of the phosphorus 
halide by-products ; thus with phosphoryl chloride : 

CCLN POCl, CCl-N: CHCIPh 
H<o—dupn —> %M<o.poci, 
N 
CHL, Pom, +  CHCI,Ph 

The yellow, crystalline solid, which is extremely unstable, was 
found to vary considerably in composition according to its mode of 
preparation and the proportion of phosphorus pentachloride used. 
Figures were obtained on analysis corresponding with the derivatives 
of dichlorophenylbenzometoxazine, C,,H,ONCI,,POCI, or 

C,,H,ONCI,,PCI,, 
or mixtures of these, but the variation in composition does not 
sensibly affect the properties. With water, the yellow substance 
isinstantly decomposed, yielding benzoylsalicylonitrile. W-Benzoyl- 
salicylamide was expected, thus : 
CC1:N C(OH):N 

“<br, —> So —_Gph-on ~* 

0,H, oe NH:-COPh 
anda small quantity (from 1 to 5 per cent.) is usually produced, 
together frequently with a little salicylonitrile and benzoic acid ; 
but when the yellow solid is dissolved in 98 per cent. sulphuric acid 
it is decomposed with evolution of hydrogen chloride, and gives a 
nearly quantitative yield of N-benzoylsalicylamide. Since benzoyl- 
salicylonitrile is not converted into the latter by concentrated 
sulphuric acid, this remarkable difference in the behaviour of the 
yellow solid according to the mode of presentation of water appears to 
indicate a tautomeric behaviour of a very curious nature. The unex- 
pected production of benzoylsalicylonitrile in the simple water decom- 
position led the authors to examine the behaviour of this substance 
with phosphorus pentachloride ; they were surprised to find that 
although neither benzonitrile nor phenyl benzoate react under similar 
conditions, benzoylsalicylonitrile reacts with phosphorus pentachloride 


anisole, between 30° and 70° (Autenrieth, Arch. Pharm., 1895, 233, 31); and at 
150—170°, in the chlorination of cyclic methylene esters like 


CH, <2>C,H,"CH(OH)*CH,Cl producing CCl <0>0,H,CHCICH,Cl 
(Barger, Trans., 1908, 98, 2081). 
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at 130°, yielding a bright yellow, crystalline solid, the properties of 
which are identical with those of the substance obtained from phenyl. 
benzometoxazone. There can be no doubt as to the identity of the 
substance obtained from the two sources, although analyses revealed 
variations in the contents of phosphorus and chlorine, and indicated 
that whilst the substance obtained from benzoylsalicylonitrile is mors 
frequently C,,H,ONCI,,PCI,, that obtained from the metoxazone js 
usually C,,H,ONCI,,POCI,. 

Attempts to isolate the dichlorometoxazine, C,,H,ONCI,, free from 
phosphorus halides have failed, and it is evident that such phosphorus 
halides are an essential part of the structure, and that the yellow 
solid cannot be regarded as a double compound, as was at first sup. 
posed. It is probable that the phosphorus atom is linked to oxygen 
or nitrogen in the manner indicated in the alternative formule (II) 
and (III), taking the compound C,,H,ONCI,,POCI,, but the relations 
observed appear to be intelligible only by attributing mobility to the 
groups *CCI,Ph and -POCI,, thus involving tautomerism, shown in 
the scheme below, analogous to that appearing in the acylsalicyl- 
amide group. The open-chain forms (II) and (III) are reversibly 
related, on this assumption, through the cyclic dichlorophenyl- 
metoxazine (I). It is impossible at present to say whether the yellow 
solid, C,,H,ONCI,,POCI,, is a mixture of (II) and (ITI), or one of 
these in a very labile form : 

O,H P etaly NH Xe ngs 


a CHPh ‘i COPh 


| 
{Pol 
PCI; ie . 


) Coll foe -CC1,Ph + POC, 


CCI:N-CC1,Ph —> co:N aah 
” 0,H +POCI, = 
CoS, -POCI, So ClPh . 


(IL) - (I) COIN: POC, 
CsHL<O.C01,Ph 
HS04 (1II.) 
! 


y yee 
CO-NH-COPh 
CH. on C HO COPh 


A further study is being made of the chloro-derivatives in this 
group; in the meantime, however, it must be admitted that the 
results, so far, throw no fresh light on the general problem under 
discussion. 
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EXPERIMENTAL. 


The phenylbenzometoxazone used in this investigation was prepared 
by a modified method of that given by Titherley (Trans., 1907, 91, 
1425), by which a considerably improved yield was obtained. A 
mixture of 50 grams of salicylamide and 50 grams of benzaldehyde in 
150 cc. of absolute ether was treated with 4 c.c. of concentrated 
alcoholic hydrogen chloride and heated to gentle ebullition in a reflux 
apparatus for four hours. The salicylamide, at first largely in 
suspension, gradually dissolved, and in about one and a-half hours a 
clear solution resulted, from which phenylbenzometoxazone soon began 
to separate in fine, silky needles. The contents of the flask eventually 
became nearly solid, and, after cooling, the mass of crystals was collected 
and washed with a little ether. In order to remove traces of salicyl- 
amide which were present, the crystals were digested for half an hour 
with cold dilute sodium hydroxide. The insoluble phenylbenzometox- 
azone was finally once recrystallised from boiling alcohol, and thus 
obtained perfectly pure (m. p. 169°). The ethereal filtrate in the 
above treatment contained large quantities of unaltered salicylamide 
and benzaldehyde, together with about 5’grams of phenylbenzometox- 
azone, which was recovered by evaporation. The total yield obtained 
was 60 grams, the theoretical quantity being 81 grams. The 
condensation under all conditions which have been tried is incomplete, 
and under most conditions a much smaller yield than the above is 
obtained, The reaction 


. -N 
OH, rare NH, | 0,H,*CH:0 — Oe p od C,H, * H,O 
is a reversible one; and this has been shown experimentally to be the 
case, phenylbenzometoxazone, dissolved in benzene, ether, and other 
solvents, being Jargely decomposed in the presence of hydrogen chloride 


into salicylamide and benzaldehyde when moisture is admitted. 


Action of Phosphorus Pentachloride on Phenylbenzometoxazone. 


(a) Without Solvent.—Ten grams of phenylbenzometoxazone (1 mol.) 
and 20 grams of phosphorus pentachloride (2 mols.), intimately mixed, 
were heated at 80°, care being taken to exclude moisture. Hydrogen 
chloride was copiously evolved, but the evolution practically ceased after 
five minutes, when the contents of the flask had settled to a yellow oil 
with unchanged phosphorus pentachloride at the bottom. No phosphorus 
trichloride distilled over. On raising the temperature to 100°, a 
second reaction set in slowly, the liquid became turbid, and a bright 
lemon-yellow, crystalline solid began to form. The amount of the latter 
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increased continually, and the temperature was raised to 140° ang 
kept at this for forty-five minutes. Only traces of phosphoryl chloride 
distilled over, together with a little phosphorus trichloride. The 
bright yellow, crystalline solid in the flask, admixed with a considerable 
quantity of oil, was isolated by cooling and treating with pure benzene, 
which dissolved the oil. The yellow solid, after washing thoroughly with 
cold benzene and finally with ether, and removing adherent ether by 
means of air dried over phosphoric oxide, weighed 5 grams. It could 
not be crystallised from organic solvents without decomposing, but 
appeared to be a perfectly homogeneous pure compound. It was 
analysed by decomposing it cautiously in a closed vessel with water, 
by which hydrochloric and phosphoric acids were formed, together with 
benzoylsalicylonitrile, which was collected and _ weighed. The 
phosphoric acid was estimated by first precipitating as phospho- 
molybdic acid, and finally weighing as magnesium pyrophosphate, and 
the hydrochloric acid was estimated gravimetrically in the usual way ; 
the two acids were also estimated volumetrically by titrating with V/10- 
sodium carbonate, using methyl-orange as indicator (with which 
1 c.c.=0°0031 gram P), and then titrating the resulting solution with 
WV/10-silver nitrate, using potassium chromate (in larger quantities 
than usual) as indicator :* 
10886 gave 0°530 benzoylealicylonitrile, equivalent to 0°0333 N,. 
N=3:06. ° 
0°2177 required 32-7 c.c. V/10-Na,CO, and 27°5 c.c. W/10-AgNO,, 
equivalent to 0°01612 P and 0:0976 Cl. P=7:40; Cl=448. 
0°8708 gave 0°1848 Mg,P,0,. P=6°0. 
C,,H,ONCI,,POCI, requires N =3-27 ; P=7:19; Cl=41°13 per cent. 
The benzene filtrate from the insoluble yellow solid contained a 
large quantity of benzylidene chloride, together with phosphorus 
derivatives of salicylonitrile. It was shaken in a machine with water 
for three hours, whereby soluble acid phosphorus derivatives of the 
nitrile were produced and extracted. The benzene solution was finally 
washed with alkali, dried, the benzene distilled off, and the resulting 
oil fractionated. It distilled chiefly at 200°, and was easily identified 
as benzylidene chloride. The weight, 5 grams, is equivalent to 
7 grams of phenylbenzometoxazone, thus showing that about three- 
fourths of the molecules of the latter are completely ruptured in the 
production of the yellow phosphorus compound. 
The aqueous solution obtained by shaking the benzene extract with 
water was strongly acid, and reduced silver nitrate, On careful 


* The accuracy of this method, which is greater than would be anticipated, was 
checked by applying it to synthetic mixtures of known compositiun of sodium 
phosphate and hydrochloric acid, and to specially purified phosphoryl chloride. 
Good results were always obtained. 
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neutralisation with sodium carbonate, it gave a pale yellow solution 
consisting of sodium salts of phosphorous- and phosphoric-acid deriv- 
atives of salicylonitrile. The solution was heated at 100° for two 
hours in order to hydrolyse these, when an oil separated in consider- 
able quantity. After cooling, it was extracted with ether, and the 
ethereal solution, after drying and evaporating, left an oil smelling 
strongly of salicylonitrile, which, on standing in a vacuum, set to a 
crystalline mass. After draining on a porous plate and washing with 
benzene, the crystals melted at 91°, the yield being about 2 grams. 
The substance gave a characteristic ferric chloride reaction, and 
was easily identified as salicylonitrile (m. p. 98°). In some of the 
experiments, salicylamide was also found. 

(b) In Presence of Chloroform.—A similar action takes place between 
phosphorus pentachloride and phenylbenzometoxazone in presence of 
chloroform at 60° to that which occurs at higher temperatures without 
solvent, but the reaction takes place more readily and leads to the 
production of a larger proportion of the yellow double compound. 
Moreover, the two stages in the reaction are not so well defined, 
inasmuch as the second chlorinating action sets in almost simul- 
taneously with the first replacing action. Consequently, the yellow 
double compound is formed in moderate quantity even when molecular 
proportions of the original substances are taken, but the yield is much 
greater when 2 molecules of phosphorus pentachloride are used. 
Further, the composition of the resulting yellow solid varies according 
tothe amount of pentachloride used, and by taking excess of the latter 
(3 molecules), the percentage of chlorine is raised almost to the figure 
corresponding with OG< a CIPh »PCI,, from which it appears that 
phosphoryl chloride and phosphorus pentachloride mutually replace 
each other according to their respective active masses. 

4-4 Grams of phenylbenzometoxazone in‘35 c.c. of chloroform (dried 
by phosphoric oxide) were treated with 8°2 grams of phosphorus 
pentachloride, and the mixture was heated to 60° for fifteen minutes. 
Hydrogen chloride was rapidly evolved, and the yellow solid formed, 
which, however, mostly dissolved in the hot chloroform. On distilling 
off the latter, bright yellow crusts remained, together with an oil, 
which was separated after cooling by treatment with pure benzene 
in the cold. 

The insoluble yellow solid was first washed three times with cold 
benzene, and then, to remove any unaltered phosphorus pentachloride, 
it was washed three times by boiling with smal! quantities of benzene, 
in which, however, it was appreciably soluble, with evident dissocia- 
tion. It was finally washed in a tube with ether, care being taken to 
exclude moisture. The yield was 2°5 grams. 
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A number of analyses of the substance, prepared in this way, were 
made. In some cases the substance was dried in a tube at 30° in 
a current of perfectly dry air, in other cases in an evacuated tube, 
care being taken to prevent leakage of atmospheric moisture.* The 
following refults were obtained when 2 molecules of phosphorus 
pentachloride were used in the preparation : 


(1) An unknown weight required 67:0 c.c. V/10-Na,CO, and 56:0 ce, 
N/10-AgNO,. Ratio P: Cl=1 : 5:1. 

(2) 0:3620 gave 0:°5947 AgCl. Cl= 40°64. 
14480 ,, 03132 Mg,P,0,. P=6-01. 

(3) 10180 ,, 16960 AgCl and 0°2200 Mg,P,0,. Cl=412; 
P=6:03. 


The following results were obtained when an excess of phosphorus 
pentachloride was used in the preparation : 

(1) 1-7209 gave 0°4131 Mg,P,O,. P=6°70. 

(2) 0°4302 required 68°8 cc. V/10-Na,CO, and 59°85 cc. W/10- 
AgNO,. P=6°48; Cl=49°3. 

(3) 0°8313 gave 1°6284 AgCl. Cl= 48-46. 

(4) 4:1564 required 67°55N-Na,CO, and 568°25 ¢.c. W/10-AgNO,. 
P=8-01; Cl=48°54. 

(5) 20782 gave 0°5835 Mg,P,0,. P=7-°84. 
C,,H,ONCI,,POCI, requires P=7:19 ; Cl = 41°13. 
C,,H,ONCI,, PCI, “ P=6°37 ; Cl=51°10 per cent. 


The high values for phosphorus in (4) and (5) were evidently due to 
small quantities of phosphorus pentachloride which had not been 
completely removed by benzene, the washing having probably been 
insufficient in these cases. 

The properties of the yellow solid were substantially the same in all 
cases, but whilst samples with lower chlorine content gave an almost 
quantitative yield of benzoylsalicylonitrile on treatment with water, 
those richer in chlorine gave less, together with varying quantities of 
phosphoric derivatives of salicylonitrile and salicylamide. N-Benzoyl- 
salicylamide was produced in all cases in small quantities (sometimes 
reaching 5 per cent.), but the chief product of decomposition by water 
was always benzoylsalicylonitrile, and this was found to hold, by 
direct treatment with water in presence of ether, benzene, and other 
solvents, as well as by decomposition with atmospheric moisture. 

On dissolving in 98 per cent. sulphuric acid, the yellow solid gave 
large quantities of hydrogen chloride, and on diluting the solution 


* Attempts made to dry the substance in an ordinary evacuated desiccator led to 
its complete decomposition, in twelve hours, to benzoylsalicylonitrile, which was 
shown to be due to leakage of atmospheric moisture. When special precautions are 
taken to exclude the latter, the yellow compound is unaltered in a vacuum. 


= 41-2; 


ohorus 


¥/10- 


-NO,. 


ACYLSALICYLAMIDE, ETC., GROUPS. 919 


with water, W-benzoylsalicylamide was formed as a thick, white 
precipitate, which, after recrystallising from alcohol, melted at 208°. 

The cold benzene washings obtained in the preparation of the 
yellow solid by the chloroform method contained a considerable 
quantity of benzylidene chloride, together with phosphorus chloro- 
derivatives, which were decomposed by water, yielding a mixture of 
salicylamide and phenylbenzometoxazone. 

The hot benzene extract, obtained by boiling the washed yellow 
solid with benzene, also contained a phosphorus chloro-derivative, and 
on cooling, this was deposited in considerable quantity as an oil which 
slowly set to a pale yellow, crystalline mass. It was washed several 
times with light petroleum (b. p. 30—60°), and analysed by decompos- 
ing with water and estimating the phosphoric and hydrochloric acids 
volumetrically : 


28860 required 33°1 cc. N-Na,CO, and 267 c.c. W/10-AgNO,. 
P=6:9; Cl=32°84. 


As the ratio of P: Cl=1: 4°17, it appears likely that this crystalline 
solid of low melting point consists mainly of a double compound 


1:N 
of the monochloro-derivative, C,H,< os db HPh’ and phosphoryl 


chloride : 
C,,H,,ONC1,POCI, requires P=7°8 ; Cl= 35°77 per cent. 


The substance, on treatment with water, yields an oil containing 
benzylidene chloride and benzaldehyde, from which, as well as from 
the aqueous solution, needles separate on standing. These were 
collected and found to consist in about equal proportions of a mixture 
of phenylbenzometoxazone (m. p. 168°) and salicylamide (m. p. 138°), 
which were readily separated by digesting with cold aqueous sodium 
hydroxide. The aqueous solution, moreover, from which the needles 
had separated contained a phosphoric acid derivative of salicylonitrile 
and salicylamide,* which were hydrolysed by heating in aqueous 
solution at 100°; on cooling, salicylonitrile (m. p. 85°) and salicyl- 
amide (m. p. 138°) were isolated by repeated extraction with ether 
and fractional crystallisation from benzene. From these observations 
it appears that the double compound of the monochloro-derivative 
exhibits a similar tautomeric behaviour to that of the dichloro- 
derivative : 


* The presence of such phosphoric acid derivatives in the aqueous solutions does 
not vitiate the above volumetric method used for determining phosphorus and 
chlorine, inasmuch as such derivatives containing the group *O*PO(OH),, like phos- 
phoric acid, behave as a monobasic acid when methyl-orange is used as an indicator. 
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Action of Phosphorus Pentachloride on Benzoylsalicylonitrile. 


In presence of boiling chloroform very slow action takes place 
between these substances, and without a solvent, first action sets in at 
about 100° without evolution of hydrogen chloride. At 130° the 
interaction is fairly rapid, producing the characteristic bright yellow 
solid identical in properties with that obtained from phenylbenzometox- 
azone at lower temperatures. A similar variation in composition was 
observed according to the proportion of phosphorus pentachloride used 
and the length of time of heating. The action was slow and 
incomplete even after two hours. The resulting~ yellow solid was 
washed thoroughly with benzene and finally with ether, and analysed 
in the manner previously described : 


(1) 15850 gave 08000 benzoylsalicylonitrile, equivalent to 
0:0502 N,. N=3°17. 

(2) An unknown quantity required 33°0 cc. W/10-Na,CO, and 
27°2 c.c. V/10-AgNO,. Ratio P:Cl=1:4°7. 

(3) 05059 gave 1:0398 AgCl. Cl=50°86. 

(4) 20237 ,, 04763 Mg,P,0,. P=6°57. 

C,,H,ONCI,,POCI, (ratio P: Cl=1:5) requires N =3-27 per cent. 
C,,H,ONCI,,PCI; requires P= 6°37 ; Cl=51-10 per cent. 

OrGANIC LABORATORY, 
UNIVERSITY OF LIVERPOOL. 
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TINKLER: ALKYL IODIDES OF CYCLIC BASES. 


(1.—The Colour and Constitution of the Alkyl 
Todides of Cyclic Bases. 


By Cartes KENNETH TINKLER. 


Ir has previously been observed by various investigators that in a 
large number of cases the alkyl iodides of cyclic bases are coloured 
substances, the alkyl bromides slightly coloured, whilst the corre- 
sponding alkyl chlorides, hydrochlorides, and oxygen salts are colour- 
less. In addition, it has been noticed that whilst these alkyl iodides 
give strongly-coloured solutions in chloroform, dilute aqueous or 
alcoholic solutions are colourless. In the case of the acridines, where 
the hydrochlorides and oxygen salts are themselves coloured, the solu- 
tions of the alkyl iodides in water and alcohol are similarly coloured, 
whilst the chloroform solutions are much darker in colour. 

Decker (Ber., 1904, 3'7, 2938) explained the production of colour- 
less solutions of these methiodides on the ground of ionisation, and he 
concluded that iodine joined to nitrogen, oxygen, or sulphur in an 
aromatic ring formed a chromophoric group, since the methiodides of 
cyclic bases were coloured, whilst substances such as diphenyldimethy]- 
ammonium iodide, which do not contain nitrogen in a ring, were 
colourless. 

In connexion with a spectroscopic investigation on the action of 
bases on ¢soquinoline methiodide, carried out at the suggestion of Dr. 
Decker on lines similar to those employed by Dobbie, Lauder, and 
Tinkler (Trans., 1903, 83, 598) in their investigation on cotarnine, 
and by Dobbie and Tinkler on hydrastinine (Trans., 1904, 85, 1005), 
it was found that yellow isoquinoline methiodide gave spectra in 
chloroform solution entirely different from those of the substance in 
aqueous or alcoholic solution. Similar results were obtained in the 
case of pyridine, quinoline, acridine, and phenylacridine methiodides. 
In a letter written to Dr. Decker by the author in November, 1907, it 
was suggested that these phenomena might possibly be explained 
otherwise than by ionisation.* 

From the spectra of pyridine methiodide in chloroform it was seen 
that the absorption in the visible part of the spectrum showed some 
resemblance to that of potassium tri-iodide (Trans., 1907, 91, 996), 
and it seemed possible that the colour of pyridine methiodide in 
chloroform solution might be due to the combination of two or 


* An abstract from this letter has recently been published by Dr. Decker (J. pr, 
Chem., 1909, [ii], 79, 339). 
302 
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more molecules of the substance by means of the iodine atoms, 


thus : 

OHN<Gr oHONGH,  —O,HN (CHINO on 

Some determinations of the molecular weights of these methiodides 
were therefore undertaken, the results of which were communicated 
to Dr. Decker, but were not published. 

In a recent paper, Hantzsch (Ber., 1909, 42, 68) draws the con- 
clusion that the colour of these methiodides is due to polymerisation, 
Although my examination of these alkyl iodides is not yet complete, 
it is thought advisable to publish the results so far obtained. 

In support of the view that colour is due to polymerisation, 
Hantzsch gives the following results of molecular-weight determina- 
tions of phenylacridine methyl halides by the ebullioscopic method. 

M.W. in 
— ~ M.W. 


Alcohol. Chloroform. calculated. 


, P 327 ; 
Chloride 263 338 305°6 

. 424 ; 
Bromide 341 421 350°0 


‘ 1161 , 
Iodide 362 1120 397°0 


397 x3 = 1191°0 


From these results it is seen that in chloroform the methiodide 
is termolecular, and that the bromide and chloride are slightly 


associated. 
The following results were obtained by the author. 


A. Molecular Weights by the Hbullioscopic Method. 


Phenylacridine Methiodide in Chloroform. 
M.W. 


Substance. Solvent. E. Found. Cale. 
0°4896 gram 45°1 grams 0°033° 1204 397 
397 x3 = 1191 


This result is in agreement with those given by Hantzsch, showing 
that the iodide in chloroform is termolecular. 


Quinoline Methiodide in Alcohol. 
M.W. 


A 


Substance. Solvent. E. Found. Cale. 
1°3460 grams 15 grams 0°38° 277 271 


At this concentration in alcohol this substance appears to be uti- 
molecular. More probably, however, from the colour, the solution 
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atoms, contains a mixture of polymolecular and unimolecular iodide, of which 
some of the latter is dissociated. 
“CH, Owing to the slight solubility of the methiodides in chloroform, it is 
*CH,’ impossible to carry out other molecular-weight determinations in this 
‘iodides solvent. 
nicated B. Molecular Weights by the Cryoscopic Method. 
| Determinations of molecular weights by the cryoscopic method, 
- a employing diphenylamine, have been undertaken, since the 
— methiodides are insoluble or only sparingly soluble in the ordinary 
nplete, solvents used in such determinations. In some cases water was 
sndia employed as solvent. ; 
adie. Pyridine Methiolide.—This substance was obtained colourless by 
10d crystallisation of aleohol (compare Hantzsch, loc. cit.). It is, however, 
strongly coloured when dissolved in chloroform or when molten. 
Molecular Weight in Diphenylamine. 
, 
M.W. 
Substance. Solvent. At. Found. Cale. 
(i) 0°3465 gram 24°38 grams — 0°15° 833 221 
(ii) 0°5935_ ,, 24°38, — 0°24 892 221 
The mixture so obtained is of a yellow colour. 
In this case the substance appears to be in the quadrimolecular 
iodide condition. 


ghtly Molecular Weight in Water. 
M.W. 
——_—_—__—_. 
Substance. Solvent. At. Found. Cale. 
(i) 0°2500 gram 18°88 grams — 0°22° 111 221 
(ii) 04142 ,, 18°88 _,, —0°34 119 221 


In solution (i) the substance is apparently completely dissociated ; 
both solutions are colourless. 


Quinoline Methiodide: Molecular Weight in Diphenylamine. 
M.W. 


ae oe 


——_—_—_——_—_—_—_— 
; Substance. Solvent. At. Found. Cale. 
wing (i) 0°1434 gram 22°94 grams —0°13° 423 271 
(ii) 05709 _,, 22°94 ,, ~0°34 644 271 
The solution is of a red colour. On the addition of alcohol and 
water, diphenylamine is precipitated, and a colourless solution of the 
methiodide is obtained. 
In Water. 
M.W. 
————, 
uni- Substance. Solvent. At. Found. Cale. 
tion (i) 0°2098 gram 15°26 grams -0°19° 134 271 
(ii) 0°6325 ,, 15°26, - 0°46 166 271 
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In (i) the solution is colourless, and the substance is apparently 
completely dissociated. 

In (ii) the solution is yellow, and probably contains some poly. 
molecular modification with unimolecular, some of which 
dissociated. 


is 


Phenylacridine Methiodide : Molecular Weight in Diphenylamine, 


M.W. 
Substance. Solvent. At. Found. Cale. 
(i) 0°1300 gram 20°11 grams - 0°13° 438 397 
(ii) 0°4070 ,, gt ie — 0°26 685 397 

Both solutions apparently contain mixtures of unimolecular and 
polymolecular modifications. 

From these results it appears that the substances are polymerised 
in chloroform and diphenylamine solution, and since these solutions, 
like the solids, are strongly coloured, it seems possible that the sub. 
stances in the solid state are either polymeric modifications or solid 
solutions of polymolecular compounds in unimolecular. In the case of 
the pyridine alkyl iodides, however, which are colourless in the solid 
state, but coloured in various solvents, it is probable that the sub- 
stances are unimolecular in the solid condition, but polymerised in 
certain solutions. 

The view that the solids are mixtures of two forms receives support 
from the fact that. the colour of the substance is largely dependent on 
the temperature. Thus, if the solids or solutions are heated, the 
colour is greatly intensified, whilst if cooled in liquid air the colour is 
greatly diminished (compare Hantzsch, Joc. cit.). 

It might be expected that heating would decompose the poly- 
molecular modifications, since it has been shown that potassium 
tri-iodide is decomposed on heating (Trans., 1908, 93, 1611). 

By the addition of potassium iodide to the aqueous solutions of the 
methiodides, the colour is intensified. In this case the dissociation is 
diminished by the addition of the iodide ion, and the substance 
apparently polymerises. 

For the sake of comparison a determination of the molecular weight 
of a colourless substituted ammonium iodide in diphenylamine solution 
was carried out. 

Tetrapropylammonium iodide (a 3 per cent. solution in diphenyl- 
amine) gave M.W. = 1362 (calculated M.W=312). Hantzsch ((oc. cit.) 
also points out that dimethylammonium chloride in chloroform solution, 
although colourless, is strongly associated. 

If the colour of the alkyl iodides of bases containing nitrogen in an 
aromatic ring is due to polymerisation, this colour may be due either to 
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the production of heavy molecules, the vibration of which brings the 
absorption into the visible part of the spectrum, or that the extra 
double bonds or ring formations, produced by the polymerisation, are 
responsible for a vibration, which, with that due to the linking in the 
aromatic nucleus, produces an absorption in the visible region of the 
spectrum. 

The latter theory receives support from the fact that the alkyl iodides 
of compounds containing nitrogen in a reduced ring are colourless. 
Thus piperidine and methy] iodide react with great violence when mixed 
together according to the following equation (Hofmann, Ber., 1881, 
14, 660) : 

30,H, NH + 3MeIl —> 

C,H,)N Me,I + C;H,,NHMel + C,H,,NH,I. 

These substances are all colourless, and give colourless solutions in 
water and in chloroform. 

In addition, the methiodides of tetrahydroquinoline compounds are 
colourless. 

The following compounds among others have been prepared by 
various investigators, and obtained colourless: Kairoline methiodide 
and ethiodide (I) (Wedekind, Annalen, 1901, 318, 110; Claus and 
Stegelitz, Ber., 1884, 1'7, 1331). 2-Methyl-1-ethyltetrahydroquinoline 
methiodide (II) (Méller, Annalen, 1887, 242, 321); and the substance 
derived from aminokairoline by the action of methyl iodide (III) 
(Ziegler, Ber., 1888, 21, 862). 

CH,—-CH, CH,°CH, 


CH,—CH, 
Ch<nuedH,  P<ym-dHMe 


NMe-CH, 
a. 


Z 
(Et)Me £ Me I Me I 
(I.) (I1.) (III.) 


Although this substance contains two iodine atoms, one is attached 
to nitrogen in a side-chain, and the other to nitrogen ina reduced ring ; 
it is therefore colourless. 

On the other hand, in the case of the alkaloids, cinchonine and 
quinine, which contain a piperidine and a quinoline nucleus, the 
mhonoalkyl iodides in which the iodine is attached to the piperidine 
nitrogen are colourless, whilst, as would be expected, the dialkyl 
iodides are coloured. 

The action of various solvents on the hydricdides of bases was 
investigated as follows. Hydrogen iodide was passed into chloroform 
solutions of pyridine, quinoline, and isoquinoline. Yellow solutions 
were obtained, which, on shaking with water, gave colourless solutions, 
A similar loss of colour was noticed with an acridine solution. The 
hydriodides thus show the same phenomena as the alkyl] iodides, and 
in the yellow solutions are probably polymolecular. 


NMe,I°C,H,< 
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It is possible, however, that the coloured hydriodides and alkyl 
iodides of these cyclic ammonium bases differ in constitution from the 
corresponding methochlorides and colourless salts. 

Quinoline combines with the various iodine derivatives of methane 
as follows: 

One molecule of quinoline and one molecule of methyl iodide 
unite to produce quinoline methiodide, a yellow substance. Two 
molecules of quinoline unite with one molecule of methylene iodide to 
produce quinoline methylene iodide or methylenediquinoil hydriodide, 
a yellow substance (Rhoussopoulos, Ber., 1883, 16, 880). Three 
molecules of quinoline and one molecule of iodoform give methane. 
triquinoil hydriodide, which is colourless (Rhoussopoulos, Ber, 
1883, 16, 202). In the two latter compounds, in addition to the 
Structures implied by their names, it is possible that the iodine atoms 
are attached to the nitrogen by double bonds, thus : 

; I-NC,H 
O8,<nan' CHZT:NO,H, ; 
a ale I:NC,H, 
in which case the alkyl iodides might be written : 
C,H,N-1-CH, C,,H,N:I-CH, 
Pyridine methiodide. . Aoridine methiodide. 
(compare Cain’s ammonium chloride formula). 

Or it is possible that the colour of the alkyl iodides is due to a 

tautomeric change between the two forms : 


CNC Hs =  0,H,N:I-CH,. 


Other structural formule which might account for the colour of 
these iodine compounds are possible, such as 
/CHY 
CH:CH a 
oHZ. ; \n-cn, CoH . Pools 
\N 


\cH:CH/ * 
CH, 
Pyridine methiodide. Acridine methiodide. 

From the results so far obtained, however, the explanation of the 
colour afforded by polymerisation appears the most satisfactory. 

If it can be proved that the colour is due to polymerisation alone, 
it might be found that many other substances owe their colour to the 
presence of a certain amount of a polymeric modification mixed with 
excess of unimolecular substance. Further experiments in this 
connexion are in progress. 


THE UNIVERSITY, 
BIRMINGHAM. 
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(i.—The Hydrolysis of Amygdalin by Emulsin. 
Part II. Synthesis of d-Benzaldehydecyano- 
hydrin. 

By S. J. Manson Avtp, D.Sc.(Lond.), Ph.D. 


In previous communications (Trans., 1908, 93, 1251 and 1276), 
it has been shown that by the action of the enzyme emulsin 
amygdalin is hydrolysed into dextrose, benzaldehyde, and hydro- 
cyanic acid with intermediate formation of mandelonitrile glucoside. 
This glucoside, as well as amygdalin, appears to be a derivative of 
benzaldehydecyanohydrin, and the possible intermediate formation 
of this compound during the hydrolysis of amygdalin has been the 
subject of a considerable amount of discussion. 

By the reduction of amygdalin or the mixed products of its 
hydrolysis by emulsin with tin and hydrochloric acid, Fileti (Ber., 
1879, 12, 296) showed that phenylethylamine was produced, whereas 
a mixture of benzaldehyde and hydrocyanic acid gives methylamine. 
This may be taken as distinct proof of the presence of a benz- 
aldehydecyanohydrin nucleus in amygdalin, but does not con- 
clusively show its formation on hydrolysis, as the nitrile might be 
formed in appreciable quantities by the re-combination of the 
primary products of decomposition. More recently the question 
has again been opened by Feist (Arch. Pharm., 1908, 246, 206), 
who showed that the benzaldehydecyanohydrin obtained by extract- 
ing the reaction-products with ether is dextrorotatory. He con- 
sequently assumed that it is produced primarily, a synthetic product 
not being expected to be optically active. Investigation on this 
point naturally followed in this series of researches. In the 
meantime, it has been shown by Rosenthaler (Arch. Pharm., 1908, 
246, 365; Biochem. Zeitsch., 1908, 14, 238) that an optically active 
benzaldehydecyanohydrin is actually produced synthetically by the 
action of emulsin on a mixture of benzaldehyde and hydrocyanic 
acid. This discovery, which has been confirmed by the author, 
again left the question open, as it seemed impossible to decide 
whether the optically active benzaldehydecyanohydrin was produced 
primarily, the synthetic action being ascribed to the reverse process, 
which would thus be capable of establishing an equilibrium, or 
whether it was produced secondarily, as a synthetic product, from 
benzaldehyde and hydrocyanic acid as the primary products of 
decomposition. Taking into consideration the three linkings in 
amygdalin which are eventually broken, ramely, the “ biose ” ether 
linking, the cyanohydrin-biose ether linking, and the linking of the 
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aldehyde-hydrocyanic acid additive compound, it would seem that 
the chemically feeblest is that between the hydrocyanic acid ang 
the aldehyde, and it might reasonably be expected to be primarily 
broken if its combination with the hydrolysing enzyme could he 
assumed. From the synthetical production of benzaldehydecyano. 
hydrin under the influence of emulsin, this combination may be 
taken as proved, and it is consequently suggested that the inter. 
mediate formation of the nitrile need not be taken as highly 
probable and merely awaiting definite proof, as has hitherto 
generally been done (see Feist, loc. cit.). 

If the formation of an active mandelonitrile from amygdalin be 
due, partly at least, to the synthetic process, it was assumed that, 
like all reversible enzyme actions hitherto studied, the synthetic 
action would have a much lower velocity than the original decom. 
position. Working with comparable concentrations, it has been 
found, however, that the synthetic formation of d-benzaldehyde. 
eyanohydrin proceeds much more readily than that from amygdalin, 
thus making it seem probable that the formation of the nitrile in 
the latter case is due to a secondary reaction. That the equilibrium 
is not identical after a considerable lapse of time is due, no doubt, 
to the disturbing influence in the hydrolysis of amygdalin of the 
presence of undecomposed glucoside, mandelonitrile glucoside, and 
dextrose. The synthetic action might, however, be ascribed to a 
special enzyme. This would serve as an explanation of the fact 
that the active and racemic forms of benzaldehydecyanohydrin both 
appear to be hydrolysed by “emulsin,” and the reaction is 
reversible, at least in the case of the dextro-compound, where it 
can readily be followed. 

These facts render it highly probable that the cyanohydrin 
nucleus suffers complete disruption, and that the nitrile, if formed 
at all, exists only for a short time and to a limited extent. 

Formation of d-Benzaldehydecyanohydrin from Amygdalin— 
Quantitative observations regarding the formation of an optically 
active mandelonitrile from the hydrolysis of amygdalin were made 
in a series of experiments carried out by the method described by 
Feist (Joc. cit.), special care being taken in the choice of conditions 
to avoid racemisation. The absolutely dry chloroform solution was 
brought to a volume of 10 c.c., this forming solutions containing 
about 5 per cent. of benzaldehyde or mandelonitrile in No. 1, and 
about 8 per cent. in Nos. 2 and 3; the rotations observed, although 
invariable, were very small. The following results are chosen from 
a number of experiments: 
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Volume of Solution=50 c.c. Temperature=35°. 


Weight of Weight of Time of 


amygdalin, emulsin, action, Rotation of 

grams. gram. hours. 1-dem. tube. 
Be stains 2 0°2 2 +0°6’ 
© ccavee 3 03 3 +09 
8. ..c00e 3 0°3 4 +08 


These rotations are considerably smalier than those obtained by 
Feist, and it is significant that his higher values were obtained only 
after several days, whereas in the above experiments about 80 per 
cent. of the amygdalin had been hydrolysed after a few hours. 
When the reaction was allowed to proceed for a longer period, this 
rotation increased, although the extent of hydrolysis, as measured 
by the quantity of hydrocyanic acid formed, did not increase 
proportionally. Thus, in an experiment carried out under exactly 
similar conditions to No. 2 and with the same quantities of sub- 
stances, a rotation of +0°14/ was obtained after the reaction had 
proceeded for eighteen hours. 

Synthesis of d-Benzaldehydecyanohydrin from Benzaldehyde and 
Hydrocyanie Acid by the Action of Emulsin.—Preliminary experi- 
ments having confirmed Rosenthaler’s statement that an appreciable 
formation of a dextrorotatory substance takes place when emulsin 
is allowed to act on a mixture of pure benzaldehyde and an aqueous 
solution of hydrocyanic acid, more exact measurements were made 
with quantities of the reacting substances exactly comparable with 
those obtained in the hydrolysis of amygdalin in the previous 
experiments. In this way, comparable rotations could be obtained 
denoting the extent of the principal and the reverse actions. 
Some of the results obtained are quoted below: 


Volume of Solution=50 c.c. Temperature=35°. 


Volume of 
Weight of Weight of Weight of Time of chloroform 
benzaldehyde, HCN, emulsin, action, solution, Rotation in 
grams. grams. grams. hours, c.c. 1-dem. tube. 
2°0 0°8 1°0 3°0 35°0 +0°51’ 
1°0 0°4 0°5 3°5 17°5 +1 9 
80 3°2 2°0 24°0 100°0 +0 40 
10°0 4°0 2°0 24°0 100°0 +0 58 


Action of Emulsin on Benzaldehydecyanohydrin.—Benzaldehyde- 
cyanohydrin was prepared by the action of hydrochloric acid on a 
mixture of potassium cyanide and benzaldehyde. After purifica- 
tion, the product was found to have a slight levorotation. 

Eleven grams of the nitrile were mixed with 50 c.c. of water and 
0'5 gram of emulsin and kept at the temperature of the room for 
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three days. The mixture was then extracted with ether, the 
ethereal extract dried with anhydrous sodium sulphate, and, after 
evaporation of the ether, redissolved in dry chloroform and made 
up to 100 c.c.; the rotation of this solution in a 2-dem. tube 
illuminated with sodium light was + 0°36’. The aqueous solution, 
after removing the cyanohydrin, was found by titration with silver 
nitrate solution to contain 0°090 gram of hydrocyanic acid. A 
control experiment without emulsin gave a rotation in chloroform 
of —0°5’, and showed the presence in the aqueous solution of 
0°050 gram of hydrocyanic acid. In this case, where the cyano. 
hydrin is primarily decomposed by emulsin prior to the synthesis 
of the optically active compound, the direct action proceeds more 
rapidly than the reverse process. 


ScIENTIFIC AND TECHNICAL DEPARTMENT, 
IMPERIAL INsTITUTE, 8. W. 


CILIl.—Substituted Dihydrobenzenes. Part III. The 


So-called 1:1- Dimethyl - A**°-cyclohexadiene of 
Harries and Antoni. 


By Artuur Witi1am Crosstey and Nora REnovr. 


In Part II of this work (Trans., 1908, 98, 637), wherein the pro- 
perties of 1: 1-dimethyl-A?:*-cyclohexadiene and 1: 1-dimethyl-A** 
cyclohexadiene were described, the opinion was expressed that the 
evidence then forthcoming was insufficient definitely to establish 
the constitution of the hydrocarbon designated 1: 1-dimethyl-A*** 
cyclohexadiene by Harries and Antoni (Annalen, 1903, 328, 88), 
although showing that the hydrocarbon could not have the structure 
assigned to it. Further work has now been carried out with the 
hydrocarbon, and direct evidence is forthcoming that it is a 
mixture of 1: 2-dimethyleyclohexadiene and 1: 3-dimethyleyclo- 
hexadiene, and very probably does not contain any of the isomeride 
with the methyl groups attached to the same carbon atom. 

The hydrocarbon was prepared according to the directions of 
Harries and Antoni (loc. cit., p. 109), by reducing 400 grams of 
the dioxime of dimethyldihydroresorcin * in quantities of 5 grams 


* The oxime was obtained in 85 per cent. of the theoretical amount by dissolving 
20 grams of dimethyldihydroresorcin in absolute alcohol, adding 28 grams of dry, 
powdered hydroxylamine hydrochloride, 42 grams of dry, powdered potassium 
acetate, and allowing to stand for three days. The whole was then heated to the 
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er, the at one time. The phosphate of the resulting 3: 5-diamino- 
1, after 1; 1-dimethylcyclohexane, isolated as fine white, silken needles by 
1 made crystallisation from diluted alcohol, was submitted to the process 
1. tube of dry distillation, when 30 grams of hydrocarbon were obtained, 
lution, giving numbers on analysis agreeing with those required for a 
1 Silver dimethylcyclohexadiene : 

d. A 0'1793 gave 0°5834 CO, and 0°1811 H,O. C=8874; H=11°22. 


CzH,. requires C=88°88; H=1i°11 per cent. 
ion of The non-constant boiling point at once gave indications that the 
cyano- substance was not homogeneous; at the first distillation the largest 
thesis amount boiled from 134—138°, and after repeated fractionation 
More somewhat lower; but no portion of constant boiling point could 


be obtained, the hydrocarbon passing over anywhere from 
126—136°. 

The hydrocarbon gave marked-colour reactions, which agreed 
closely with those given by Harries and Antoni (p. 118) for 
1: 2- and for 1: 3-dimethyleyclohexadienes; the colour with sul- 
phuric acid was yellowish-red, and certainly not raspberry-red. 

Attempts to prepare a nitrosyl chloride from the hydrocarbon 
gave negative results. 

Harries and Antoni believed their hydrocarbon to have the double 
bonds in the 2: 5 position, that is to say, that the elimination of 
ammonia from the cyclic diamine had taken place in one way 


CH, CH:NH, CH CH 
ds OMe OH, = 2NH, + OMe OH, 
42:5, CH, CH-:NH, CH CH 
the only, and this despite the fact that in other cases quoted by them 
lish eal oie , , ae 
me the elimination of ammonia took place in two ways, giving hydro- 
. ; carbons isomeric by reason of the different positions of the double 
” bonds which they contained. If their hydrocarbon had the above 
‘he formula, it should readily absorb 4 atoms of bromine, whereas if 
Ry the double bonds were in the 2: 4 position (Thiele linking), it would 
Io- be expected to only absorb 2 atoms of bromine. This was shown 
de boiling point of alcohol, filtered, washed with a little hot alcohol, the filtrate 


evaporated to about 100 c.c., and then diluted to 500 c.c. with water, when the 
oxime (m. p. after recrystallisation, 175—176°) crystallised out in flattened needles. 


of 

of In the preparation of the base after steam distillation, the residue was acidified, 

na when a little more than 100 grams of solid were obtained, soluble in potassium 
hydroxide, re-precipitated by acid, and crystallising from dilute formic acid in stout, 

ng transparent needles. These contained nitrogen, but had no definite melting point, 

y, and decomposed somewhat violently on heating, so that it was extremely difficult to 

- obtain concordant results on analysis. For these reasons, the material was not 


further examined, 


932 CROSSLEY AND RENOUF: 


in Part II of this research to be the case with 1: 1-dimethy]-A2:6. 
cyclohexadiene and 1: 1-dimethyl-A*:*-cyclohexadiene respectively, 

In order to test the point, a chloroform solution of bromine wags 
added to a solution of the hydrocarbon in dry chloroform, when a 
pale violet colour was developed, gradually deepening, then 
becoming green, once again changing to deep violet, which suddenly 
became pale reddish-brown, and hydrogen bromide was evolved, 
At this point the molecular absorption was 162. Bromine was then 
taken up very slowly by the solution, and the absorption could only 
be followed by comparing the colour with that of a solution of 
similar tint (see Trans., 1908, 93, 650). The absorption was finally 
complete after three hours, but as a considerable amount of 
hydrogen bromide was evolved in the latter stages, not much 
reliance is to be placed on the fact that the final molecular absorp- 
tion was 256. 

A similar result was obtained when the reaction was performed 
in glacial acetic acid solution, the first number being 163 and 
the final one 265. No solid product was obtained on evaporating 
either the chloroform or acetic acid solutions. 

These experiments prove that the substance does not consist of 
a single hydrocarbon with the double bonds in the 2: 5-position, 
and therefore capable of absorbing 4 atoms of bromine, but that 
it is mixed with an isomeride with the double bonds in the Thiele 
position, capable of absorbing, therefore, only 2 atoms of bromine. 

Further, if the hydrocarbon were 1: 1-dimethyl-A?+5-cyclo- 
hexadiene, then, on treatment with a mixture of nitric and sulphuric 
acids, it would give the two isomeric trinitro-o-xylenes (Trans., 
1908, 93, 634), but it does not; for on nitrating 2 grams as 
described (ibid., p. 646), 0°2 gram of a nitro-product was obtained, 
which crystallised from alcohol in glistening needles melting at 
181—182°, nor was this melting point altered on mixing with pure 
trinitro-m-xylene (m. p. 182°). 


The process of oxidation is usually recognised as one of the chief ~ 


aids in elucidating the structure of organic substances. Now, the 
present authors have oxidised with potassium permanganate many 
hydroaromatic hydrocarbons, alcohols, and ketones containing the 
gem-dimethyl group, and, in all cases, have succeeded in isolating 
a product which definitely established the presence of this grouping. 
Thus 1: 1-dimethyl-A?‘*cyclohexadiene gives as-dimethylsuccinic 


CH-CH CO,H 
CMe,<o H,° re yoCH ——> OMe,< og. 00,H 


acid (Trans., 1908, 93, 633), and other examples are mentioned in 
the following references: Trans., 1903, 83, 110; 1905, 87, 1488; 
1906, 89, 1556; 1907, 91, 63. 


me 


am «ae @&© © Bis 
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If, therefore, the hydrocarbon of Harries and Antoni is 
1: 1-dimethyl-A?‘®-cyclohexadiene, it should yield on oxidation with 
potassium permanganate, dimethylmalonic acid (compare Trans., 
1908, 98, 651): 

cao, Son, > cate, 0 

but Harries and Antoni state (p. 112) that they could not with 
certainty prove the presence of this acid among the oxidation 
products of their hydrocarbon with potassium permanganate. The 
present authors have been equally unsuccessful, for on oxidising 
9 grams of the hydrocarbon with potassium permanganate, the only 
definite product isolated was acetic acid, although evidence was 
obtained of the presence of a succinic acid and also of traces of 
phthalic and isophthalic acids. In other words, no single piece of 
evidence has been obtained which directly establishes the presence 
of the gem-dimethyl group in the hydrocarbon. 

When dilute nitric acid is used as an oxidising agent, the result 
is in some cases the breaking down of the hydrocarbon at the 
double bonds, as with A!:3-cyclohexadiene (Trans., 1904, 85, 1423), 
or the oxidation results in the production of an aromatic carboxylic 
acid as with cantharene, which gives o-toluic and phthalic acids 
(Piccard, Ber., 1879, 12, 579), or with 1: 3-dimethylcyclohexadiene, 
which gives toluic and isophthalic acids (Wallach, Annalen, 1890, 
258, 329). 

Although in certain cases, where concentrated nitric acid or a 
nitrating mixture has been used, a wandering of a methyl group 
has been observed when both methyl groups are attached to the 
same carbon atom (Trans., 1908, 98, 646), it does not appear that 
such wanderings have ever been brought about under the influence 
of dilute nitric acid; but in order to obtain some further evidence 
on this point, 2 grams of 1: 1-dimethyl-A***-cyclohexadiene (Trans., 
1902, 81, 821), prepared by the action of sodium in moist ethereal 
solution on 3: 5-dichloro-1: 1-dimethyl-A*‘*cyclohexadiene, were 
oxidised with dilute nitric acid. On evaporation to dryness, 
08 gram of solid remained, which was proved to consist of a 
mixture of dimethylmalonic and dimethylsuccinic acids by the 
method already described (Trans., 1902, 81, 829), and no evidence 
was obtained of the production of an aromatic carboxylic acid. In 
this case, therefore, oxidation takes place at the double bonds, and 
a methyl group does not wander. 

It appeared, therefore, that if it were possible to produce a toluic 
or phthalic acid from the hydrocarbon of Harries and Antoni by 
oxidation with diluted nitric acid, direct. proof would be established 
that it does not contain the gem-dimethyl group. Moreover, it is 
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evident from the following passage (p. 101) in the paper by Harries 
and Antoni that they would have accepted such evidence as showing 
that in the production of their hydrocarbon a methyl group had 
wandered: “We have considered the possibility that, as 4 
consequence of the high temperature attained during the dry 
distillation of the phosphate of 3: 5-diamino-1: 1-dimethyleyelo. 
hexane, our dimethyleyclohexadiene has undergone a change, con. 
sisting in the wandering of a methyl group from the 1: 1- to the 
1: 2-position. We have, however, relinquished this opinion, 
Piccard has shown that cantharene can be easily converted into 
o-toluic and phthalic acids by means of dilute nitric acid, but from 
our dimethylcyclohexadiene, under similar conditions, no o0-toluic 
acid could be obtained.” 

Yet the true explanation of the matter is that a methyl group 
does wander in the formation of the hydrocarbon, as proved by the 
following experiments, where, using as little as 3 grams of the 
hydrocarbon, appreciable quantities of ortho- and iso-phthalic acids 
have been isolated on oxidation with dilute nitric acid followed by 
potassium permanganate, as recommended by Wallach (Annalen, 
1890, 258, 329). 

Three grams of the hydrocarbon were added to 30 c.c. of a 
mixture of one volume of fuming nitric acid and two volumes of 
water, when the whole gradually became hot, a reaction set in, and 
an oil separated. After heating six hours on the water-bath, all 
the oil had disappeared, and on standing overnight a white solid 
(0°4 gram) had separated, and a further 0°3 gram was obtained 
by evaporating the solution. This softened when heated in a 
capillary tube at 90°, began to melt at 180°, and was not completely 
melted until 220°, and consisted probably of a mixture of toluic 
and phthalic acids (compare Wallach, ibid.). The solid was 
suspended in water and oxidised with potassium permanganate by 
heating on the water-bath, etc. On evaporating the resulting liquid 
to a small bulk and acidifying, 0°2 gram of solid resulted 
(Filtrate=A), which was sublimed in two fractions; the first gave 
the fluorescein reaction and had a very indefinite melting point, 
shrinking at 180—200° and melting at 250—280°. It evidently 
consisted of a mixture of phthalic and isophthalic acids. The 
second fraction did not give the fluorescein reaction, did not melt 
at 300°, and gave the following figures on analysis: 


C=57'°63; H=3°85. 
C,H,O, requires C=57°83; H=3'61 per cent. 


These data prove that the substance is either isophthalic or 
terephthalic acid; but inasmuch as trinitro-m-xylene is obtained 
on nitrating the hydrocarbon, it would be isophthalic acid. The 
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filtrate A (see above) was extracted ten times with ether, the solu- 
tion dried, and evaporated, when the residue (0°2 gram) solidified 
immediately. After crystallisation from hydrochloric acid, it 
melted at 183—184°, nor was this melting point altered on mixing 
vith pure phthalic acid. Moreover, it gave a marked fluorescein 
reaction, an anhydride melting at 128—129°, and from this an 
gnilic acid crystallising in glistening, transparent prisms melting at 
166—167°. The melting points of the anhydride and the anilic 
acid were not altered on admixture with specimens of these 
derivatives prepared from pure phthalic acid. Obviously during 
dry distillation of the phosphate of 3: 5-diamino-1: 1-dimethyl- 
gelohexane a methyl group must wander, partly into an ortho- 
and partly into a meta-position. The wanderings of methyl groups 
which have so far been noticed by the present authors (Trans., 
1904, 85, 264; 1906, 89, 875; 1908, 93, 633) have only taken 
place into an ortho-position, but the cases are not exactly parallel, 
for in the above instance the wandering concerns the passage of a 
saturated hydroaromatic substance into an unsaturated hydro- 
aromatic substance, whereas in the other instances hydroaromatic 
substances are converted by the change into members of the 
aromatic series. There is, moreover, another possibility, namely, 
that instead of only one group wandering, both groups swing into 


ortho-positions, one to the carbon atom A, and the second to the 
carbon atom B: 


CH, C-CH, 
BA a 


The positions of the methyl groups in the resulting hydrocarbon 
would then be 1: 3, and this process would not necessitate the 
assumption that a methyl group wanders into a meta-position. 


Action of Dehydrating Agents on Methylheptenone. 


Having shown that the hydrocarbon of Harries and Antoni 
consisted of a mixture, containing as one constituent 1: 3-dimethyl- 
cyclohexadiene, it appeared to be desirable to compare the pro- 
perties of these two hydrocarbons more closely, particularly 
regarding their behaviour on oxidation with potassium per- 
manganate. 

1: 3-Dimethylcyclohexadiene is said to have been obtained pure 
by the action of dehydrating agents on methylheptenone, and 
sulphuric acid was first employed, as recommended by Verley (Bul. 
Soc. chim., 1897, [iii], 17, 180). One hundred and twenty grams 
of methylheptenone gave 48 grams of a hydrocarbon boiling not 
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very constantly at 130—132°, having a decided odour of xylene, ang 
giving the following figures on analysis: 


0°1223 gave 0°3960 CO, and 0°1304 H,O. C=88'30; H=11°84, 
CsH,. requires C=88°88; H=11°11 per cent. 
C,H, " C=87'27; H=12°73 in 


This suggested that the hydrocarbon was a mixture of dimethyl. 
cyclohexadiene and dimethylcyclohexene, which would not be 
altogether surprising, as in such reactions sulphuric acid has been 
shown to act as a reducing agent (Wagner, Ber., 1894, 27, 1638), 
Zinc chloride was next used as recommended by Wallach (A nnalen, 
1890, 258, 326), but again analysis showed the resulting hydro. 
carbon (b. p. 131—133°) to be a mixture: 


0°1110 gave 0°3600 CO, and 0°1162 H,O. C=88-45; H=11°64, 


Finally phosphoric oxide was employed, without, however, pro. 
ducing any appreciable difference in the composition of the 
hydrocarbon (b. p. 130—133°), as is seen from the following 
figures : 


0°1163 gave 0°3764 CO, and 0°'1223 H,O. C=88'26; H=11°68. 


On communicating these results to Professor Wallach, he replied 
that the hydrocarbon obtained by the dehydration of methyl- 


heptenone is not homogeneous (compare Wallach, Terpene und 
Campher, p. 351). During the reaction considerable quantities of 
m-xylene are produced, but no hydrogen is liberated, and it is 
probably used up in reducing the dimethylcyclohexadiene to 
dimethyleyclohexene. We wish to thank Professor Wallach for his 
courtesy in supplying us with this information and for allowing us 
to make this statement. As Professor Wallach is at present 
working out this problem, we have no intention of continuing on 
the same lines, and simply place on record a few results of our 
incompleted experiments. 

Oxidation of the Hydrocarbon with Potassium Permanganate in 
Aqueous Solution.—Seventeen grams of the hydrocarbon were 
oxidised at atmospheric temperature with a 4 per cent. solution 
of potassium permanganate solution. The reaction proceeded very 
slowly, and was not completed until thirty-four hours, facts which 
are alone sufficient to show that the substance contained something 
less readily oxidised than a dimethyleyclohexadiene. On completion 
of the reaction the liquid had a decided odour of xylene, and it 
was therefore distilled in a current of steam, when, after separating 
and drying the liquid lighter than water, 2 grams of m-xylene were 
obtained. This was proved by the facts that it did not decolorise 
a solution of bromine in chloroform, it boiled at 136—139°, and 
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on treatment with a nitrating mixture gave an almost theoretical 
yield of pure trinitro-m-xylene melting at 182°. 
" After working up the residue of the steam distillation in the 
ordinary way, there was obtained 0°7 gram of a solid, which 
sublimed in colourless, fern-like aggregates of needles. These did 
not melt at 300°, and on treatment with phosphorus pentachloride, 
and then pouring into methyl alcohol, gave sheaves of fine silken 
needles melting at 64—65° (methyl csophthalate, m. p. 64—65°), 
thus proving that the original solid consisted of zsophthalic acid. 
On steam-distilling the liquid from which the isophthalic acid had 
separated, 2°7 grams of a volatile fatty acid were obtained, probably 
acetic acid, and the residue of the distillation yielded, on extraction 
with ether, 3 grams of an oil, which contained a ketonic acid. 

Oxidation of the Hydrocarbon with Potassium Permanganate in 
Acetone Solution.—Fifteen grams of the hydrocarbon were sus- 
pended in a mixture of 500 c.c. acetone and 100 c.c. of water, and 
powdered potassium permanganate gradually added. The whole 
was filtered from manganese dioxide, distilled in a current of steam, 
and after evaporation to a small bulk, extracted ten times with 
ether (extracted liquid=B), the ethereal solution dried over 
potassium carbonate, and the ether evaporated, when the residue 
slidified at once (1°8 grams). It was purified by fractional 
extraction and crystallisation from light petroleum (b. p. 40—60°), 
when there was obtained a solid crystallising in transparent, silken 
needles, melting at 90°: 

0'1029 gave 0°2511 CO, and 0°1024 H,O. C=66°55; H=11°05. 

C,H,,0, requires C=66°66; H=11'11 per cent. 


This substance sublimes in transparent needles, does not absorb 
bromine, and does not give a colour with concentrated sulphuric 
acid. It is evidently the crystalline glycol mentioned by Wallach 
(Terpene und Campher, p. 351), and is probably also the indifferent 
crystalline substance mentioned by Harries and Antoni (p. 114), 
who prepared the so-called 1: 3-dimethylceyclohexadiene from 
methylheptenone, without, however, observing it to be a mixture. 

There is produced, in addition to this substance, a second neutral 
compound, which has a lower melting point, but has not been 
further investigated. 

The liquid B (see above) was acidified and extracted with ether, 
when 1 gram of an oil was obtained, which contained a ketonic 
or ketonic acids, because it gave the iodoform reaction, and also a 
semicarbazone or mixture of semicarbazones, crystallising from 
dilute alcohol and melting at 129—131°, but not becoming clear 
until 182°, when gas was evolved. 


It would appear, therefore, that the hydrocarbon prepared by 
3P2 
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the dehydration of methylheptenone contains considerable quan. 
tities of m-xylene and dimethylcyclohexene, and probably not mor 
than 30 to 40 per cent. of dimethylcyc/ohexadiene. 

In comparing the properties of this hydrocarbon with a dimethyl. 
cyclohexadiene prepared by Harries and Atkinson (Ber., 19) 
35, 1175), Harries and Antoni say that the former is more easily 
converted into trinitro-m-xylene than the latter. This is no} 
surprising considering that, as now shown, the former contaix 
considerable quantities of m-xylene. 


RESEARCH LABORATORY, PHARMACEUTICAL Socrgty, 
17, BLoomssury Square, W.C. 


CIV.—Affintty Constants of Hydroxy- and Alkylozy. 
Acids. 


By ALEXANDER FINDLAY, WILLIAM Ernest STEPHEN TURNER, and 
GERTRUDE Emity Owen. 


In connexion with investigations of the influence of the hydroxy- 
and alkyloxy-groups on the velocity of saponification (Findlay and 
Turner, Trans., 1905, 87, 747), of which it is hoped soon to publish 
a further account, it became necessary to determine the affinity 
constants of several of the acids used in the preparation of the 
esters investigated. The acids which have thus been examined are 
phenylmethoxyacetic acid, phenylethoxyacetic acid, phenylpropoxy- 
acetic acid, a-hydroxy-8-phenylpropionic acid, and -hydroxy- 
B-phenylpropionic acid. The measurements were carried out in the 
usual manner with induction coil and telephone; and in calculating 
the conductivity of the acid, that of the water was not subtracted. 


1. Phenylmethoryacetic Acid. 


The acid was prepared by acting on methyl phenylchloroacetate 
with sodium methoxide in methyl-alcoholic solution (Meyer and 
Boner, Annalen, 1883, 220, 45). The small amount of chloro-ester 
which escaped conversion was converted into sodium mandelate by 
the action of sodium hydroxide, and could thus be separated by 
crystallisation from the sodium salt of phenylmethoxyacetic acid. The 
free acid was isolated by decomposing the sodium salt with sulphuric 
acid, and was purified by repeated recrystallisation from benzene 
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and light petroleum. The values obtained for the conductivity and 
afinity constant are as follows: 


V. A. a= ‘ 100 k. 
Moo 
32 53°88 0°143 0°0748 
64 73°50 0°195 0°0742 
128 98°95 0°263 0°0734 
256 130°6 0°347 0°0722 
512 168°5 0°448 0°0710 
1024 211°1 0°561 0°0702 


Ag (cale.)=376. Conductivity of water=1°7 x 10~® mhos. 


Another series of determinations gave values ranging from 0°0732 
to 00706. Conductivity of water =1°5 x 10-® mhos. 

As is seen from the above table, the values of the constant 
continuously decreases with increase in dilution, so that one cannot 
take the mean as the most probable value. This decrease in the 
value of the affinity constant is by no means of rare occurrence 
(see, for example, Ostwald, Zeitsch. phystkal. Chem., 1889, 3, 174), 
and may be attributed to various causes, of which perhaps the 
most common is oxidation, or other chemical change, which may 
be accelerated by the platinum-black on the electrodes. In such 
cases it is therefore better to take as the value of the affinity 
constant that which is obtained with fresh solutions. We may 
therefore take as the best value of the affinity constant the mean 
of 00732 and 0°0748, namely, 100 k=0°074. 

The affinity constant of the active /-phenylmethoxyacetic acid 
was determined by W. Roth (Trans., 1899, 75, 767), who at two 
dilutions found the values 0°0709 and 0°0748. 


2. Phenylethoxyacetic Acid. 


This acid was prepared by decomposing the sodium salt (Findlay 
and Turner, Trans., 1905, 87, 755) with sulphuric acid, whereby the 
phenylethoxyacetic acid was obtained as a viscid, pale yellow oil, 
which could not be made to crystallise. It was well washed with 
water to remove any mandelic acid which might be present, and 
was then dissolved in ether and the solution dried over fused sodium 
sulphate. An analysis of the silver salt gave Ag=37°39 per cent., 
whereas theory requires 37°35 per cent. 

For the determination of the affinity constant of the acid, the 
oil was stirred with carbon dioxide-free water at 25° in a closed 
vessel until the solution was saturated, as indicated by its con- 
ductivity remaining constant. The concentration of the solution 
was then determined by titration with standard alkali. Later, the 
acid was purified by distillation under diminished pressure; but 
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the numbers obtained did not greatly differ from those obtained 
by the washing-out method just described. The acid, we believe, 
may be regarded as pure. The values obtained for the conductivity 


are as follows: 

v. A. =—., 100 k. 
22°28 38°38 103 0°0523 
44°56 53°59 14: 0°0534 
89°12 73°10 ; 00530 

178°24 97°88 z 0°0517 
356°48 128°0 ' 0°0497 
712°96 163°2 ; 0°0467 

Ag (cale.)=375. Conductivity of water=2°1 x 10-§ mhos. 


Another series gave values varying from 0°0539 to 0°0482. As 
in the case of the methoxy-acid, we have taken as the most probable 
value of the affinity constant the mean of the initial values in the 
two series, namely, 100 4 =0°053. 


3. Phenylpropozyacetic Acid. 

The acid was prepared by decomposing the sodium salt with 
sulphuric acid (Findlay and Turner, Trans., 1905, 87, 756). It 
was obtained as a sparingly soluble, pale yellow oil. It was well 
washed with water to free it from mandelic acid, and was purified 
by distillation under diminished pressure. The following values 


were obtained for the conductivity: 


v A. a= Ae., 100 k. 


Aw 
27°11 40°57 0°109 0°0490 
54°22 56°59 0°153 0°0497 
108°44 76°87 0°205 0°0488 
21688 102°4 0°275 0°0481 
433 °76 134°0 0°358 0°0461 
86752 170°0 0°455 0°0437 


Ag (cale.)=374. Conductivity of water=2°1 x 10-§ mhos. 


Another determination gave values varying from 0°0494 to 0°0455. 
As the value of the affinity constant of this acid, therefore, we have 
taken 100 £=0°049. 


4. a-Hydroxy-B-phenylpromonic Acid. 

The acid was prepared by Conrad’s method (Annalen, 1881, 209, 
241). It was purified by crystallisation. The following are the 
values of the conductivity : 

v. A. —. 100 &. 


109 51°04 ‘1: 0°0196 
218 68°43 z 0°0186 
436 92°4 y 0°0184 


Mean = 0°0188 
Ag (cale.)=376. Conductivity of water =2°4 x 10-6 mhos. 
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As the mean of five other determinations we obtained the value 
of 100 k=0°0188. As the value of the affinity constant we may 
therefore take 100 &4=0°019. 


5. B-Hydroxy-B-phenylproyionic Acid. 

This acid was prepared by Fittig and Binder’s method (Annalen, 
1879, 195, 131), by acting on cinnamic acid with hydrobromic 
acid, and treating the phenylbromopropionic acid with boiling 
water. The acid was purified by recrystallisation. The following 
are the values of the conductivity: 


v. A. a=Ae., 100 &. 
Ao 

109 23°86 0-0635 0-00394 

218 33°47 0-0890 0-00399 

436 46°25 0°123 0 00396 

872 65°42 0-174 0°00420 


Mean = 0°00396 
Ago (cale.)=3876. Conductivity of water=2°4 x 10-® mhos. 


Other three series of determinations gave as mean value 0:00398. 
As the value of the affinity constant we may take 100 s=0°0040. 


Relationships between the Acids. 


On comparing the affinity constants of the three alkyloxy-acids 
with that of mandelic acid, we see that the affinity constant is in 
all three cases increased by the substitution of the hydrogen in 
the hydroxyl group by alkyl, although the increase becomes less 
with increase in the molecular weight of the alkyl group. The 
ratios of the affinity constants of the alkyloxy-acids to that of 
mandelic acid are 1°77, 1°27, and 1°17 respectively. Such an increase 
in the value of the affinity constant by the substitution of a hydroxy- 
by an alkyloxy-group was also found by Ostwald (Joc. cit.) in the 
case of glycollic acid and its methyl and ethyl derivatives. In these 
cases the affinity constants of the methyl and ethyl glycollic acids 
were found to be 2°2 and 1°54 times as great as that of glycollic 
acid itself. 

On comparing the affinity constant of a-hydroxy-8-phenylpropionic 
acid with that of phenylpropionic acid, we find that the former is 
82 times as great, while the ratio of the affinity constant of 
8-hydroxy-B-phenylpropionic acid to that of phenylpropionic acid 
is 1‘74. These numbers are rather lower than the factors given by 
Wegscheider (Monatsh., 1902, 28, 289) for the influence of the 
hydroxy-group in the a- and f-position respectively, namely, 84 and 
31 


—_ 
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The influence of the phenyl group in the f-position is obtained 
from a comparison of the affinity constant of a-hydroxy-8-phenyl. 
propionic acid with that of lactic acid, or of the affinity constant of 
B-hydroxy-8-phenylpropionic acid with that of 8-hydroxypropionic 
acid. The factors obtained in this way are 1°36 and 1°27 respe. 
tively. This is considerably less than the influence of the phenyl 
group in the a-position, which, from a comparison of phenylacetic 
acid with acetic acid, or of mandelic acid with glycollic acid, is 
found to be 31 and 2°8 respectively. 
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CV.—-Studies in the Camphane Series. Part XXVI, 
Aryl Derivatives of Iminocamphor. 


By Martin Onstow Forster and Tom THoRNLEY. 


From time to time during the past five years attempts have been made 
by one of us to prepare that monoxime of camphorquinone which, 
owing to the asymmetry of the camphor molecule, would be structurally 
distinct from the two known stereoisomeric forms of isonitrosocamphor. 
The line of attack has been based on the theoretical possibility of 
oximating a selected a-derivative of camphor and afterwards re. 
placing the a-substituent by oxygen without disturbing the oximino- 
group. These experiments have resulted in unbroken failure. When 
they escaped the well-known difficulty which attends the preparation 
of oximes from a-derivatives of camphor, they have been checked at 
the second stage, and the present communication adds angther to the 
list ; the oxime of camphorquinonephenylhydrazone was prepared in 
the hope that by the action of benzaldehyde or of acids the trans- 


formation 
O:N-NH-0,H C:0 
CHu<by.on | | > OH hy.on 


might be brought about, but the plan in question has not 
materialised. 

The observation that camphorquinone readily undergoes condensa- 
tion with p-aminophenol, however, suggested a new class of derivatives 
which might lend themselves to the purpose indicated above, and the 
action of hydroxylamine on the resulting p-hydroxyphenylimino- 
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camphor was therefore studied with the object of completing the 


following series : 


C:0 C:N°C,H,*OH 
CsSHi<keg ——- CH u<h-6 ile —> 
C:N-C,H,°OH C:O 
CHi<bn.on . —_ CSAS bn -on 


Again the scheme proved fruitless, but as the reason for this failure 
came to light, and gives experimental probability to the commonly 
accepted explanation of oxime production, it seems worth recording. 

When hydroxylamine acts on p-hydroxyphenyliminocamphor, the 
the only products are p-aminophenol and isonitrosocamphor, just as 
the last-named substance is regenerated from its N-methyl ether 
(Trans., 1904, 85, 898). Proceeding in the same way with p-ethoxy- 
phenyliminocamphor, however, there has been isolated an intermediate 
hydroxylamino-derivative, which, although quite stable in the dry 
state, is quickly resolved into p-phenetidine and isonitrosocamphor by 
the action of organic solvents or of alkalis: 

C iH-On 
CHi<do NH-C,H,°0°C,H, — 


C:N-OH 
CH fo + NH,-C,H,:0-C,H,. 


Hence the failure to oximate iminocamphor and its aryl derivatives 
must be ascribed to the attack by hydroxylamine upon the azethenoid 
linking in preference .to the carbonyl group, and incidentally offers 
fresh evidence to justify representing the V-alkyl ethers of isonitroso- 


camphor by the expression ono, already advocated on 


other grounds (Trans., 1908, 93, 244). 

Our principal reason for describing these experiments, however, 
follows from a polarimetric examination of the aryliminocamphors, 
which has showed them to be endowed with specific rotatory power of 
a very high order. p-Hydroxyphenyliminocamphor, indeed, has in 
pyridine the specific rotatory power [a], 1650°, corresponding with 
[M], 4240°, values which we believe are unrivalled in the history of 
asymmetric compounds ; so far as we have been able to ascertain, the 
most active substances hitherto described are the p-santoninimide of 
Francesconi (Atti. R. Accad. Lincei, 1903, [v], 12, ii, 204), with 
[a], 1135°, [M], 2780°, and the camphoryl-y-semicarbazone of 
p-benzoquinone (Forster and Fierz, Trans., 1905, 87, 722), with 
(a]p —1051° and [M], -—3310°. As noticed in the case of the last- 
named substance, the rotation of p-hydroxyphenyliminocamphor 
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exhibits considerable variation with the medium in which it jg 
examined, but the sparing solubility of the compound has precluded a 
wide selection of organic liquids from being made, and has necessitated 
the employment of highly diluted solutions. 
Weight Rotation in 
Solvent. in 100 c.c. 2-dem. tube. [a],- [M]p. 
Pyridine 0°4152 1650° 4240° 
0°0419 1492 3834 
Ethyl acetate 0°0956 1412 3629 
Acetone 0°1810 1404 3608 
Alcohol 0°0832 1372 3524 
Chloroform 0°2312 1363 3503 

It appeared significant that whilst the previously highest recorded 
molecular rotation is associated with a quinonoid derivative, trans- 
formation into a substance of that class is theoretically possible in the 
case of p-hydroxyphenyliminocamphor, 

C:N:-C,H,°OH C-N:C,H,:O 
C.Hu< ho a — CSHi< ton ste 
but having found that the methyl and etbyl ethers possess rotatory 
power of the same order, we conclude that the above-suggested 
rearrangement has not occurred to any great extent. 

Besides p-aminophenol, p-anisidine, and p-phenetidine, we have con- 
densed aniline, p-chloroaniline, and m-aminophenol with camphor- 
quinone, but an experiment with p-nitroaniline was unsuccessful. It 
then became interesting to prepare p-phenylenebisiminocamphor, 

O:N-C,H,N°C 
CHiu< hg oe Osh cd 
for comparison with phenyliminocamphor ; the substance was found 
to have specific rotatory power more than double that of the simpler 
molecule, the molecular rotation in chloroform exceeding 6000°, and 
reaching [M], 6173° in pyridine. The following data as to the aryl 
derivatives of iminocamphor may be regarded as comparable, having 
been collected from solutions in chloroform. 
Weight in Rotation in 
100c.c. 2-dem. tube.  [a]>. [M]>. 
p-Phenylenebisiminocamphor 0°6240 18°50’ 1509° 6096° 

p-Hydroxyphenyiiminocamphor ... 0°2312 6 18 1363 3503 

p-Ethoxyphenyliminocamphor 0°4312 10 47 1250 3563 

p-Methoxyphenyliminocamphor ... 0°3884 9 30 1223 3314 

Phenyliminocamphor 0°5050 7 20 726 1750 


p-Chlorophenyliminocamphor 0°4152 5 20 642 1768 
m-Hydroxyphenyliminocamphor ... 0°4124 5 12 630 1619 


The interesting aspect of these compounds lies in the emphasis they 
give to the point so frequently made by workers in this field, namely, 
the influence exerted by unsaturated groups on specific rotatory 
power. Some among the aryliminocamphors readily take up two atoms 
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of hydrogen at the azethenoid linking, and pass thereon into aryl 
derivatives of aminocamphor, 
C:NX CH:-NHX 
CH <h-o => CeH <9 ; 
the consequent depression in molecular rotation is phenomenal, as in- 
dicated by the following measurements in chloroform. 


Difference 
Bases compared. [a]p. [M]>. of [M]p. 
p-Hydroxyphenyliminocamphor......... 1363° 3503° — 
p-Hydroxyphenylaminocamphor ...... 83 215 3288 
p-Methoxyphenyliminocamphor ...... 1223 3314 — 
p-Methoxyphenylaminocamphor ...... 68 186 3128 
Phenyliminocamphor ............seeseeee 726 1750 a 
Phenylaminocamphor .............20.0+00s 127 309 1441 
p-Chlorophenyliminocamphor............ 642 1768 -- 
p-Chlorophenylaminocamphor............ 94 261 1507 


Before discussing the conclusions which these observations suggest 
as to the relation between structure and optical activity, it is worth 
while to point out that the results have a distinct bearing on the 
constitution of condensation products obtainable from camphorquinone 
and derivatives of phenylhydrazine. This matter was discussed in 
detail by Armstrong and Robertson (Trans., 1905, 8'7, 1272), who, 
while ascribing to camphorquinonediphenylhydrazone the azethenoid 

C:N-N(C,H 
structure, OsH,< O (Ce oe 
and the phenylbenzylhydrazone as “ phanes,”’ 
Fai /NOHs 


CY | CK | 

O.H,< | \N-CH, — OH | \N *CH,°C,H,’ 

\Nc:o 0:0 
and represented the unsubstituted phenylhydrazone, which is tauto- 
meric, by the two expressions: 
a." SNH 
d C,H | | : 

N-C.H an genial! 

oH, \G-O-N-C,H, 


regarded the phenylmethylhydrazone 


C 
C,H,,< 

ero 

The arguments which led one of us to throw doubt on the propriety 
of regarding the phenylmethylhydrazone and phenylbenzylhydrazone 
as differing in structure from the diphenylhydrazone and one form of 
the phenylhydrazone itself have been stated at length (Trans., 1906, 
89, 222), and need not be recapitulated, although it might be 
mentioned in passing that one of these, which went to show that 
symmetry of displacement probably helps to account for the low 
rotation of camphorquinonediphenylhydrazone, has since been con- 
firmed by the production of diphenylmethylenecamphor ; this compound 
(Haller and Bauer, Compt. rend., 1906, 142, 971) stands in the same 


946 FORSTER AND THORNLEY : 


relation to benzylidenecamphor and methylenecamphor as _ that 
subsisting between dimethylbornylamine, methylbornylamine, and 
bornylamine, and the effect produced on rotatory power in the two 
series by substitution of parallel order is exactly similar, the rotation 
of diphenylmethylenecamphor, both specific and molecular, being 
lower than that of benzylidenecamphor. In the absence of fresh 
chemical evidence, the material brought forward in this communication 
must, in our opinion, finally dispose of the ‘‘ phane” representation as 
applied to the phenylhydrazones of camphorquinone. Recalling the 
one argument on which that representation was based, namely, the 
abnormally high rotation of the unsymmetrical hydrazones, and con- 
sidering that its adoption involved the transference, quite unsupported 
experimentally, of a methyl or a phenyl group from one atom of 
nitrogen to the other, it is pertinent to inquire how the advocates of 
the “phane” would represent the condensation products of camphor- 
quinone with aniline derivatives. Here are substances with only two 
“ phanogenetic”’ atoms, and no second substituent to transfer itself 
from one atom to the other; nevertheless, their rotation exceeds in 
some cases even the high values recorded for the phenylbenzy!- 
hydrazone and the phenylmethylhydrazone, whilst other members of 
the group are considerably less active. 

Turning now to the more general question of the relation between 
structure and optical activity, there is no small temptation to draw 
from these and other derivatives of camphor conclusions which might 
be expected to have still wider application. Nevertheless, we deem it 
advisable to proceed cautiously in this direction, principally because, 
in addition to the perplexing variety of factors at work, a disturbing 
doubt as to whether, after all, chemists have arrived at an absolute 
method of measuring and correlating that esoteric property known as 
optical activity must have enforced itself on the attention of all who 
have studied the problem. The stream of optically active substances 
poured into the literature each year has not carried our perception of 
the relation between unsaturation and optical activity beyond the 
generalisations of Tschugaeff (Ber., 1898, 31, 1775), Haller and 
Miiller (Compt. rend., 1899, 129, 1006), Rupe (Annalen, 1903, 327, 
157), and Haller (Compt. rend., 1903, 136, 1222). Among these we 
regard the parallel drawn between the chromophoric and gyrophoric 
effects of various groups (Rupe and Frisell, Ber., 1905, 38, 106) one 
of the most illuminating, although analogy with auxochromes would 
have been more strict. We can only claim to furnish a few new illus- 
trations of this principle, and the following comparison brings out 
(1) the small effect produced by a conjugated linking when acting 
alone, (2) the greatly enhanced effect of such a linking when co- 
operating with a benzene ring, (3) the depression due to saturating 
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one of the units of the conjugated linking, and (4) the effect due to 
the phenyl group independently of the conjugated linking : 
CH'NH, : . POE 
CHu<b-o -_—> . ai CSA deg a7 
[M], 35°. [M]p 151°. [M], 1750°. 
H'NH-:C,H, 
—> OH <hen ular 
[Mp 309°. 
An exactly parallel gradation is shown by the following : 
CH:°CH C:CH C:CH:C,H, 
CH bo ' a CHu< bo . — CSHu<b-9 ’ 
[M]p 50°. [M], 209°. [M], 1020°. 
H-CH,°C,H, 
_— CHu<ho ia ed 
[M], 348°. 
and the numerical differences between the respective members of the 
two series must be ascribed to the different auxorotatory effect of the 
carbon-nitrogen and the carbon-carbon linkings. That such differences 
are due to a qualitative peculiarity of the linkings in question, and do not 
arise solely from alterations in mass, was to be expected from the series : 


C:CH, 


-NH C:0 
CH dg a CHi<ig — CSHU< hg ? 

[M], 209°. [M], 151°. [M], — 84° to — 188°. 
where the mass is changed by one unit only at each step; it must not 
be forgotten, however, that the abnormal rotation of camphorquinone 
may be due to some association between the oxygen atoms, the 
following relationship being of a more conventional character : 


CH:CH CH:NH . CH:OH 
CHL , — CHi<h-9 _—_> CHu< bo : 
[M], 50°. [M]p 35°. [M], 40°. 

According to Tschugaeff (Joc. cit., 1781), an inactive complex (phenyl) 
exerts greater influence in proximity to the asymmetric system than 
when remote from it, and this principle can be illustrated by comparing 
camphorquinonephenylhydrazone and anilinomethylenecamphor (Pope 
and Read, this vol., 177) with phenyliminocamphor and benzylidene- 
camphor respectively : 

C:N:C,H C:N-NH:C,H, 
CH < ‘0 _— — CoH ho is 
[M], 1750°. [M], 832°. 
C:CH’°C,H C:CH:NH:C,H 
CH <b-6 -o —- CH L< ho ns 
[M ]p 1020°. [M ], 789°. 
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In each of these cases the benzene ring is divorced from the 
conjugated linking by an imino-group, and the result is in accordance 
with Tschugaeff’s generalisation, although this detachment may itself 
be an operating factor in the depression of activity, for mere banish- 
ment from the neighbourhood of an asymmetric system will not always 
control the exaltatory effect of the unsaturated complex, as witnessed 
by the series of camphoryl-y-semicarbazones (Trans., 1905, 87, 722) ; 
this ae derivatives of the general formule : 


OH, abo H-N(N: ee, CO and O,H,, cf N(N: sie 00, 


C(OH)— 
having molecular rotation varying between 300° and 2000°, whilst in 
the case of p-benzoquinonecamphoryl-y-semicarbazone, [M], —3310° 
is attained. 

Perhaps the most remarkable illustration of the principle laid down 
by Haller and Miiller (loc. cit.), namely, that exaltation of optical 
activity is occasioned by an unsaturated linking associated with a 
benzene ring (compare also Rupe, Joc. cit., 167), is to be found by 
juxtaposing the following three compounds: 


O:N-C,H, C:N-C,H,°N:C 
C sHyi<. ‘O C sH<). ‘O 0: 0s H,, 
[M] 1750°. [M], 6100°. 
C:N:-N:C 


C sHy<). m6) O: es H,,. 
[M], 790°. 


The molecular rotation of azocamphanone is modest beside that of 
phenyliminocamphor, although it contains four asymmetric carbon 
atoms and two continuous conjugated linkings; it is trifling beside 
that of phenylenebisiminocamphor, in which the effect of a benzene 
ring is superadded. 

It is noteworthy that, although a benzene ring is capable of exalting 
specific rotatory power when attached to an ethenoid or azethenoid 
linking, it nevertheless happens that introducing a second phenyl group 
has a depressing effect on the operation of the first, provided that the 
two groups are attached to the same atom ; the parallel with dimethyl- 
bornylamine suggests that it is the resulting symmetrical disposition 
which determines the effect : 


C:CH:-C,H, C:C(C,H 
CH<in > Ofc? 


[M], 1020°. [M], 907°. 


C:N-NH-C,H, O:N-N(C,H,) 
C sHi<). ‘oO —_ Cy Au<é-o : % 


(M],, 850°, Mp 420°. 
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CH: CH,°C,H, 
C sHi<( ‘0 —> OC sHyy<). 


[M], 348°, at}, 197°, 


~ CH(CH,)s, 


CH C 
[2 ite fig 
Hi<Cu-NH-CH, CsA br-N(OH,),” 
[M], 160°, [M], 108°, 


In putting forward these comparisons we recognise that, dealing as 
they do with camphane derivatives only, important modifications 
would most likely become necessary before applying them to problems 
in another group. The necessity for cautious procedure may be 
emphasised by the following illustration of contradictory effects pro- 
duced by the hydroxyl] group ; in the first three cases, replacement of 
hydrogen by hydroxyl has increased the molecular rotation by 5|0—135 
per cent., whilst the fourth comparison reveals a diminution of 30 per 


cent. 
-NH C:N-OH 
C Hi<tn — 0 sHi</. ‘O ; 


[M], 151°. [M], 356°. 


O CH, - CH:OH 
C sHy.<f. ‘0 —> C,4y< SA: O ; 


[M], 209° [M], 306° 
C:N-C,H, C:N-C,H,-OH 


C sH<f ‘O —> © sH.<( ‘0 3 
[M], 1750° [M], 3503°, 


C:CH: C, H, 
C sHy <6 ‘0 a: & sHiu< ig 


[M], 1020°. hon 720°. 


It is intended to continue the study of these derivatives of imino- 
camphor, and to compare them with analogous compounds. 


0:0(0H)-C,H, 


EXPERIMENTAL. 


C:N: H; 
Phenyliminocamphor, C sHi< ho Cs 


Camphorquinone and aniline in molecular proportion were heated 
with anhydrous sodium sulphate during several hours at 90—100°, 
when the product became hard on cooling ; the crushed material was 
extracted with alcohol, from which phenyliminocamphor separated on 
dilution with water. Recrystallisation from hot petroleum gave long, 
lustrous, sulphur-yellow needles melting at 109°: 

0:1994 gave 10°4 c.c. N, at 21° and 759 mm. N=5°94, 

C,,H,,ON requires N =5-81 per cent. 
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The substance is readily soluble in cold organic media and in hot 
petroleum. In its behaviour towards hydrochloric acid it resembles 
iminocamphor, dissolution being followed almost immediately by 
hydrolysis, this being completed on warming the liquid, from which 
camphorquinone is then precipitated. 


H-‘NH-C,H 
Phenylaminocamphor, OH.<I sii r, 


0 


Phenyliminocamphor dissolved in ether was shaken with zine dust 
and 10 per cent. potassium hydroxide until the colour was destroyed ; 
the colourless, crystalline residue left by the ether was recrystallised 
three times from alcohol, forming lustrous, flat, transparent prisms 
melting at 80°: 

0°1530 gave 0°4452 CO, and 0°1190 H,O. C=79°35; H=8°64, 

C,,H,,ON requires C=79:00 ; H=8'64 per cent. 

The reduction product is very freely soluble in organic media, 
including petroleum, and is slightly soluble in boiling water. A 
solution containing 0°0902 gram in 25 c.c. of chloroform gave ay 0°55’ 
in the 2-dem. tube, whence [a], 127°0°. It does not form a stable 
salt with platinum tetrachloride, which oxidises it, and attempts to 
prepare a benzoyl derivative by the Schotten-Baumann and pyridine 
methods were unsuccessful. The mnitroso-derivative, C,,H,.0,N,, 
crystallised from dilute alcohol in faint yellow needles, becoming 
darker on exposure to light and air; it melted at 81—83°: 

0°1282 gave 11'1 ¢.c. N, at 19° and 764 mm. N=10-00. 

C,,H,,O,N, requires N = 10°30 per cent. 

The substance is freely soluble in organic media, and gives 
Liebermann’s reaction, but we have failed to convert it into 
camphorylphenylhydrazine. 


p-Hydroxyphenyliminocamphor, OH<t Col, _ 

On mixing an alcoholic solution of camphorquinone with the caleu- 
lated amount of p-aminophenol hydrochloride and sodium acetate in 
water, the colour of the liquid deepened, and after being gently 
heated during half an hour, yellow crystals separated. After re- 
crystallisation from hot alcohol, the product was obtained in trans- 
parent, clear-cut, deep brown prisms, melting at 233° after sintering 
at about 220°: 

0°1442 gave 0:°3947 CO, and 0:0940 H,O. C=74:65; H=7°24. 

01689 ,, 8&3cc. N, at 19° and 761mm. N=5°71. 

C,,H,,O.N requires C= 74:71; H=7:39; N=5-45 per cent. 
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Organic media dissolve the substance only sparingly, and it is 
insoluble in boiling petroleum. It is very slightly soluble in boiling 
water, but dissolves freely in sodium hydroxide, forming a deep red 
liquid, from which it is precipitated by acids; it dissolves also in 
sodium carbonate and in ammonia. Concentrated sulphuric and nitric 
acids dissolve it when cold without changing the colour, but when 
heated with hydrochloric acid the deep orange-yellow solution quickly 
becomes pale, and camphorquinone is precipitated on cooling. Ferric 
chloride has no action on an ethereal solution, but ferrous sulphate 
gives a bulky, grass-green precipitate when added to the solution in 
very dilute potassium hydroxide. 

Action of Hydroxylamine.—In the hope of obtaining the oxime of 
p-hydroxyphenyliminocamphor,‘an alcoholic solution was mixed with 
slight excess over the calculated amount of hydroxylamine hydro- 
chloride and sodium acetate dissolved in water, the red colour of the 
liquid disappearing completely in twelve hours. On removing alcohol 
without heating the solution, there separated isonitrosocamphor, whilst 
paminophenol remained in the water. Camphorquinonedioxime was 
not produced. 


CH:N . e 
p-Hydroxyphenylaminocamphor, C,H, << dbo H°O,H, OH 


Reduction in this case was effected by shaking a solution of 
p-hydroxyphenyliminocamphor in dilute alkali hydroxide with zine 
dust ; if protected from air, the intense colour of the solution disap- 
peared in a few minutes. The liquid was then saturated with carbon 
dioxide and extracted with ether, the colourless residue from this being 
recrystallised from dilute alcohol, which deposited minute prisms 
melting at 171°: 


01642 gave 04503 CO, and 01221 H,O. C=74'79; H=8-26. 
C,,H.,0,N requires C= 74°13 ; H=8:11 per cent. 


The substance dissolves much more readily in organic media than 
the unreduced material, and crystallises from benzene in colourless, 
transparent prisms; it is even soluble, although slightly, in boiling 
petroleum, from which it separates in minute, colourless crystals. It 
dissolves in sodium carbonate, although not so freely as in alkali 
hydroxide, the liquid quickly becoming red in air. A solution con- 
taining 0°0978 gram in 25 cc. of chloroform gave a, 0°39’ in the 
2-dem. tube, whence [a], 83°1°. 
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p-Methoxyphenyliminocamphor, C HK -N°C,H,°0- ‘CH, 


Condensation between camphorquinone and anisidine took place 
readily on the water-bath, and the product crystallised from alcohol in 
golden-yellow needles melting to a deep red liquid at 120°: 

0°2027 gave 10°0 c.c. N, at 18° and 750 mm. N=5-62. 

C,,H,,0O,N requires N = 5°20 per cent. 

It is freely soluble in cold organic liquids, excepting petroleum, 
in which it dissolves readily on boiling, separating in long, flat, 
striated crystals when cold. 


p-Methoxyphenylaminocamphor, C,H, es a as 


The reduction was attempted by the method used for phenylimino- 
camphor, but the ethereal solution did not lose its colour, and 
yielded unaltered material on evaporation. p-Methoxyphenylimino- 
camphor was therefore dissolved in glacial acetic acid and stirred with 
zine dust until colourless ; on diluting the filtered solution with water, 
colourless prisms separated slowly. After recrystallisation from 
alcohol, well-formed, transparent, six-sided prisms were obtained, melt- 
ing at 101°: 

01035 gave 0°2824 CO, and 0°0788 H,O. C=74°41; H=8-46. 

C,,H,,0,N requires C= 74°72 ; H=8-42 per cent. 

The substance dissolves very readily in organic media, and the yield 
is disappointing. A solution containing 0°0915 gram in 25 cc. of 
chloroform gave ay 0°30’ in the 2-dem tube, whence [a], 68°3°. 


¢: N-C,H, Hs 
p-Ethoxyphenyliminocamphor, C sHiu<io a al 


An aqueous solution of p-phenetidine hydrochloride mixed with 
sodium acetate was heated with the calculated amount of camphor- 
quinone dissolved in alcohol; the liquid immediately darkened, and, 
after being heated during a few minutes on the water-bath, yielded a 
dense, yellow precipitate. Recrystallisation from alcohol, followed by 
petroleum, gave bright yellow, silky leaflets, melting at 112°. Much 
difficulty was experienced in estimating the nitrogen, which appears 
to be mixed with methane unless the combustion is performed with 
unusual deliberation : 

0°1702 gave 7°9 c.c. N, at 18° and 767 mm. N=5-4l. 

C,,H,,0,N requires N =4°91 per cent. 
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Behaviour towards solvents resembled that of the methoxy-com- 
pound. On attempting to reduce p-ethoxyphenyliminocamphor, the 
product was an oil, alike whether an ethereal solution was shaken 
with aqueous potassium hydroxide and zinc dust, or whether the metal 
was added to a cold solution in glacial acetic acid. The solution of 
the oil in ether was saturated with dry hydrogen chloride, and the salt 
thus obtained decomposed with sodium carbonate and again precipitated 
with hydrogen chloride, the colourless substance decomposing at 210°: 


02353 gave 0°1029 AgCl. Cl=10°80. 
C,,H,;0,.N,HCl requires Cl= 10°94 per cent, 


A solution containing 0°1880 gram in 25 c.c. of alcohol gave ap 1°32’ 
in the 2-dem. tube, whence [a], 101°9°. On setting free the base from 
this hydrochloride, however, it could not be obtained in crystals. 

The Hydroxylamino-derivative.—Attempts to prepare an oxime from 
p-hydroxyphenyliminocamphor having failed, the ethoxy-derivative 
(5 grams) dissolved in alcohol was mixed with an aqueous solution of 
hydroxylamine hydrochloride (1°5 grams) and sodium acetate (3°5 
grams) ; although the liquid was not heated, the yellow colour quickly 
faded, and after twelve hours the alcohol was removed under 
diminished pressure, leaving an oil which rapidly solidified. When 
thoroughly dry, this substance was dissolved in warm petroleum 
(b. p. 60—80°), and precipitated without delay by cooling, it having 
been found that the hydroxylamino-compound, although stable when 
dry, quickly changes to isonitrosocamphor and phenetidine in the 
dissolved state ; long, lustrous needles separated, melting at 63°: 


01155 gave 9:2 c.c. N, at 18° and 767 mm. N=9-28. 
C,,H,,0,N, requires N =8:80 per cent. 

If the solution in petroleum is boiled and allowed to cool spon- 
taneously, the long needles of the hydroxylamino-compound are mixed 
with transparent prisms melting at 152°, consisting of the stable iso- 
nitrosocamphor, whilst the mother liquor contains phenetidine. 
Furthermore, alkali develops with the substance a yellow colour, due 
to isonitrosocamphor, phenetidine being precipitated as an oil. 
Alcoholic ammoniacal silver oxide is reduced immediately on warming, 
and although this might certainly be due to initial resolution into 
phenetidine and isonitrosocamphor, the latter substance and ethoxy- 
phenyliminocamphor itself are not oxidised by this agent. 

A solution containing 0°2209 gram in 20 c.c. of chloroform, and 
examined as quickly as possible, gave a, 2°15’ in the 2-dem. tube, 
whence [a], 101°8°, corresponding with [M], 323°7°; slight increase 
occurred with lapse of time, rotation being constant at ap, 2°25’, 
corresponding with [M]p 347:9°, which approaches closely to that of 
the stable isonitrosocamphor, 355°8°, in the same solvent. 
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m-Hydroxyphenyliminocamphor, C;H,, Kae -N-C,H, ‘OH 


The product of condensation between camphorquinone and m-amino. 
phenol was crystallised from alcohol, precipitated by petroleum from 
the solution in chloroform, and finally recrystallised from benzene, 
when it melted at 173°5°: 

0:0707 gave 3°7 c.c. N, at 30° and 771 mm. N=5°77. 

C,,H,,O.N requires N = 5°45 per cent. 

The substance is distinguished from the p- hydroxy- compound by its 
pale yellow colour and ready solubility in organic media; it is, how- 
ever, insoluble in boiling petroleum. The solution in potassium 
hydroxide is orange- voller, quite distinct in nape from that of 
the isomeric substance. 


-N-C,H 1 
p-Chlorophenyliminocamphor, C Hit ati 


Calculated amounts of p-chloroaniline and camphorquinone were 
heated together during four hours on the water-bath, and the hardened 
product recrystallised twice from alcohol, which deposited lustrous, 
flat, yellow prisms, melting at 140°: 

0°1070 gave 5:0 c.c. N, at 16° and 747 mm. N=5°35. 

0:2080 ,, 01070 AgCl. Cl=12°70. 

C,H, ,ONCI requires N =5-08 ; Cl=12°85 per cent. 

Cold organic liquids and hot petroleum dissolve it readily, the last- 
named depositing the substance in bundles of long, yellow needles on 
cooling. 


CH:NH-C,H 1 
p-Chlorophenylaminocamphor, C,H, om ae ae 


On adding zinc dust to a solution of p-chlorophenyliminocamphor in 
cold glacial acetic acid, the colour was discharged almost immediately ; 
diluting the filtered liquid with water precipitated minute, snow-white 
crystals, and after recrystallisation from hot dilute alcohol, the sub- 
stance was obtained in transparent, six-sided prisms, melting at 98°: 

0°1269 gave 0°3245 CO, and 0:0854 H,O. C=69°74; H=7°48. 

C,,H,ONCI requires C = 69°21; H=7-21 per cent. 

The base is freely soluble, even in petroleum ; a solution containing 
00931 gram in 25 c.c. of chloroform gave ap 0°42’ in the 2-dem. tube, 
whence [a], 93°9°. 
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C:N-C, HNC. 
p-Phenylenebisiminocamphor, C,H, ,< d " 6.4 e b>CsHy 


When alcoholic camphorquinone (2 mols.) was added to an aqueous 
solution of p-phenylenediamine hydrochloride mixed with excess of 
sodium acetate, an intense brown coloration was developed almost 
immediately, and after half an hour on the water-bath the cooled 
liquid deposited the condensation product. Crystallisation from 
boiling aleohol gave lustrous, golden-brown needles, melting to a deep 
red liquid at 259° : 

02090 gave 13°6 cc. N, at 23° and 773 mm. N=7°46. 

C,,H,,0,N, requires N = 6°93 per cent. 

The substance is freely soluble in chloroform and in pyridine, 
dissolving less readily in acetone, ethyl acetate, and benzene; 1 gram 
requires about 50 c.c. of boiling alcohol to dissolve, and it is insoluble 
in petroleum. A solution containing 0°0840 gram in 20 cc. of 
pyridine gave a, 12°50’ in the 2-dem, tube, whence [a], 1528°, 
corresponding with [M], 6173°; the rotatory power in chloroform, as 
already stated, is [a], 1509°, or [M], 6096°. Attempts to reduce this 
compound have failed. 

Oxime of Camphorquinonephenylhydrazone, Nye CoH, 


The difficulty of preparing oximes from a-derivatives of camphor has 
been the subject of comment, and camphorquinonephenylhydrazone is 
not an exception, but the method recently described for the production 
of a-benzilmonoxime (this vol., 431) proved successful in the present 
case. In a dry pyridine solution of hydroxylamine prepared from 10 
grams of hydrochloride and 5°5 grams of sodium hydroxide, 4 grams 
of the camphor derivative were dissolved, and left at 40—50° during 
two months ; the silky, yellow needles which separated on pouring the 
liquid into a large volume of water were recrystallised from hot 
alcohol. Clear-cut, primrose-yellow, transparent prisms were obtained, 
melting at 195°, and depressing the melting point of camphorquinone- 
phenylhydrazone when mixed with it : 

01072 gave 14:5 cc. N, at 21° and 771 mm. N=15°63. 

C,,H,,ON, requires N = 15°50 per cent. 

A solution containing 0°2208 gram in 25 c.c. of alcohol gave 
a) 2°36’ in the 2-dem. tube, whence [a], 147°2°. All attempts to 
transform this compound into a structural isomeride of isonitroso- 
camphor by removing the phenylhydrazine residue have been 
fruitless, 
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¢:N-OH 
USON-NE-OH, 

This material was first prepared by Claisen and Manasse (Annalen, 
1893, 2'74, 78), and the suggestion has been made that it is derived 
from the unstable form of isonitrosocamphor (m. p. 114°), because the 
stable modification, when separated from the Claisen mixture, fails to 
yield it (Trans., 1904, 85, 909). If this were so it should be possible 
to recognise two isomerides, in which the configuration of the oximino. 
group corresponded to those of the two forms of ésonitrosocamphor, 
The condensation of isonitrosocamphor (Claisen mixture) with phenyl- 
hydrazine was accordingly repeated without heating the materials, 
and the first precipitate, after being treated with a small quantity of 
cold alcohol and drained, was reprecipitated from a solution in cold 
chloroform by petroleum. Pale yellow needles, melting at 151° and 
having [a], — 235°5° in alcohol, were obtained : 

0°1155 gave 15°7 cc. N, at 20° and 770 mm. N=15-76. 

C,,H,,ON, requires N = 15-50 per cent. 

When the condensation product was extracted with boiling alcohol, 
however, the extract deposited primrose-yellow, transparent prisms, 
containing the same percentage of nitrogen, and melting at the same 
temperature, which was also the melting point of a mixture ; but the 
specific rotatory power was [a], — 139°5°, which we regard as indicating 
the existence of two phenylhydrazones, and suppose that the one 
derived from the unstable isonitrosocamphor passes readily into the 
phenylhydrazoue of the stable form. The observation that the filtrate 
from the crude hydrazone yields the stable isonitrosocamphor when 
extracted with alkali, is in agreement with the conclusion that it is 
the unstable form which is removed from the Claisen mixture by the 
condensing agent. 


The Phenylhydrazone of isoNitrosocamphor, C,H 


Roya CoLLEGE OF ScIENCE, LONDON, 
SoutH Kensineron, S.W. 


CVI.—The Colour of Aqueous Solutions of Violurie 
Acid. 


By Freperick Grorce bonnan and Wi.netm Scuvyerper, Ph.D. 


Some time ago, W. N. Hartley (Trans., 1905, 87, 1797) called in 
question the fact that violuric acid, when dissolved in carefully 
purified water and guarded from contamination by alkalis, shows 
a violet-red colour. The statements of Hartley are entirely at 
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variance with the work of Magnanini (Atti. R. Accad. Lincet, 
1895, 4, [ii], 60), Wagner (Zeitsch. physikal. Chem., 1893, 12, 
314), Donnan (Zettsch. physikal. Chem., 1896, 19, 465), and 
Guinchard (Ber., 1899, 82, 1723). Moreover, the statements of 
Hartley have been accepted without criticism by E. C. C. Baly 
(Trans., 1906, 89, 979), who has made use of them in speculations 
on the constitution of violuric acid. In this state of affairs, it 
appears desirable to prevent this error from spreading further, 
although anyone acquainted with the literature of the subject 
would be scarcely likely to accept Hartley’s statements without 
reserve. According to Hartley, previous investigators have been 
led astray by traces of alkali derived from glass vessels or from 
the air (ammonia). He succeeded in preparing a colourless (?) 
solution of violuric acid by dissolving the latter in water derived 
from pure ice melted in a vacuum, using only platinum vessels, 
and preventing any contamination from the air of the laboratory. 

The following experiments have been carried out in order to 
demonstrate the erroneous nature of Hartley’s observations and 
conclusions. Violuric acid was twice recrystallised from pure con- 
ductivity water, and then finally from some of this water which 
had been faintly acidified with a drop or two of hydrochloric acid. 
The solid acid was filtered, washed with the same acidified water, 
and dried in a platinum basin, or on pure filter paper at 100° 
until constant in weight. The dry acid was not allowed to come 
into contact with glass. It was put into a platinum dish, and 
water distilled directly into the latter from a distillation apparatus 
of metal (copper boiler and block tin condenser). The water in 
the boiler of the distillation apparatus was acidified witb sulphuric 
acid. The solution of violuric acid so obtained showed cue usua\ 
violet-red colour. Hartley attributes in his paper the most 
importance to an experiment in which the :oncentration of the 
violuric acid was only 0°15 gram per litre, that is, only about 
V/1000. We have carried out some experiments with solutions 
of such concentrations, and find that it is impossible to see any 
colour when the liquid reaches a height of only 2 to 3 cm. in a 
platinum crucible. When the height is 4 cm., a faint colour is just 
perceptible. Hartley does not mention the thickness of liquid 
he dealt with, and therefore it is not possible to say with certainty 
whether the above is the true explanation of his erroneous 
observations, but it is highly probable that this is the case. 

It might be still possible to argue that the colour of the solution 
obtained as described above was due to slight contamination with 
ammonia from the air, although such an explanation is in the 
highest degree improbable, as the colour of the solution developed 
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the moment the water dropped on to the solid acid from the tin 
condenser. 

There is, however, a very simple way of disposing of this argu. 
ment. The investigations of Donnan (loc. cit.) have shown that 
Arrhenius’s theory of isohydric solutions can be applied to aqueous 
solutions of violuric acid mixed with other acids which do not 
yield coloured molecules or ions. This holds good in spite of the 
fact that, according to Hantzsch, we have to deal here with a 
case of ionisation-isomerism.* The explanation of this is probably 
due to there being comparatively little of the undissociated true 
acid present. Magnanini has shown that for the dissociation 
constant of violuric acid we have (¢=25°) k=2°7x10-5. Suppose 
now we have a WV/1000-solution of hydrogen chloride; what: 
should be the molar concentration (c) of a violuric acid solution, 
in order that the H’-ion concentration due to the violuric acid 
should equal that due to the hydrochloric acid? Let a=degree of 
dissociation of the violuric acid. We may assume the W/1000- 
solution of hydrogen chloride to be completely dissociated. We 
have then approximately: 


whence 


It can be easily shown experimentally that the WV /1000-solution 
of hydrogen chloride does not affect the depth of colour of the 
N/27-solution of violuric acid (looking through the total length 
of the solution all the time). . 

Still more conclusively, it is easy to show that if enough pure 
solid violuric acid be added to a W/1000-solution of hydrogen 
chloride to make it, say, about V/30 with respect to violuric acid, 
the mixed solution still shows a distinct violet-red colour. As the 
N/1000-solution of hydrogen chloride reacts strongly acid to 
litmus, and the pure yellow violuric acid has been recrystallised 
from a hydrogen chloride solution and preserved from contact with 
glass, the incorrectness of Hartley’s conclusions will be evident. 

If we accept Hantzsch’s view that in an aqueous solution of 
violuric acid we have to deal with the equilibria, isomeric y-acid 
—undissociated true acid — ions, then the observations of Guinchard 
lead to the conclusion that the equilibrium shifts towards the 
colourless (or nearly colourless) y-acid with falling temperature. 


* Hantzsch’s views have, however, been contested by H. Lundén (compare 
A finitétsmessungen an schwachen Séuren und Basen, Ahrens’ Sammlung, Bd. XIV, 
1908). 
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The intensity of colour of the aqueous solutions of violuric acid 
diminishes with decreasing temperature. This fact may have 
contributed to Hartley’s conclusion that the aqueous solutions are 
devoid of colour, for his solutions were obtained from melting ice, 
and must therefore have initially possessed a fairly low tempera- 
ture. 

Considering all the previous exact quantitative work that has 
been carried out on the colour of aqueous solutions of violuric 
acid, the conclusion of Hartley that this colour is due to accidental, 
and therefore variable, contamination with alkalis appears all the 
more extraordinary. It is to be hoped that the few simple 
experiments described in this paper will suffice to dispose of the 
very slender experimental evidence on which his conclusion was 


based. 


MuspRATT LABORATORY OF PHYSICAL AND ELECTRO-CHEMISTRY, 
UNIVERSITY OF LIVERPOOL. 


OVIL—The Retarding Effect of Oxygen on the Rate of 
Interaction of Chlorine and Hydrogen. 


By Davip Lronarp CuapMAN and Patrick SarsFrieELD MacManon. 


By the continued electrolysis of hydrochloric acid, a mixture of 
chlorine and hydrogen free from air is ultimately obtained. The 
sensitiveness of the mixture to light rises as the air is removed, 
and then, consequent on a decrease in the concentration of the 
acid, falls gradually. The slow fall in the sensitivenes is due, no 
doubt, to a comparatively small volume of oxygen liberated at the 
anode, and increasing in amount as the concentration of the acid 
becomes less. From the same cause, an increase in the density 
of the electrolysing current is accompanied by a depression in the 
sensitiveness of the evolved gases. Under the most favourable 
conditions for obtaining a sensitive mixture (when the current 
density is small and the concentration of the acid great), some 
oxygen is almost certainly evolved. Bunsen and Roscoe considered 
that electrolytic gas, free from oxygen and of constant sensitive- 
ness, could be obtained by the electrolysis of concentrated hydro- 
chloric acid; but, in point of fact (as we shall show later), 
electrolytic gas many times more sensitive than that investigated 
by Bunsen and Roscoe can be prepared, and there are strong 
reasons for thinking that if oxygen and other inhibitive impurities 
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could be entirely removed the sensitiveness of the gas would he 
infinite.* The last conclusion is drawn from the results of 
quantitative investigation on the inhibitive influence of oxygen 
on the rate of interaction of chlorine and hydrogen. It has been 
shown that for measurable amounts of oxygen the relation sub. 
sisting between the sensitiveness of the electrolytic gas and the 
volume of oxygen contained in unit volume of the mixed gases jg 
closely expressed by the formula [O]xS=C, where [0] is the 
amount of oxygen per unit volume, S is the sensitiveness of the 
electrolytic gas, and C is a constant. If the above relation holds 
for infinitely small proportions of oxygen, then the sensitiveness 
of a pure mixture of chlorine and hydrogen would manifestly be 
infinite. In other words, chlorine and hydrogen would interact 
in the dark, provided that no oxygen or other inhibitive impurity 
were present. 

The metastability of an explosive mixture of gases is commonly 
regarded as due entirely to the innate properties of the active 
constituents of the mixture, but there would now appear to be 
some grounds for believing that in the case of a mixture of chlorine 
and hydrogen, at any rate, the presence of inhibitive impurities is 
a necessary condition of “false equilibrium.” 

An interesting conclusion, concerning the influence of moisture 
on the inhibitive effect of oxygen, can be drawn by considering the 
connexion between the known effect of moisture and the above 
relation. H. B. Dixon has shown that as moisture is removed 
from electrolytic gas prepared from hydrochloric acid the sensitive- 
ness falls. From this result, it follows that the constant C in the 
formula [O] x S=C is reduced by drying the mixture, and therefore 
the addition of a small amount of oxygen to two mixtures—one 
partly dry and the other moist—of chlorine and hydrogen free 
from oxygen would depress the sensitiveness of the dried mixture 
to a much lower value than it would that of the moist. 

The electrolytic cell was similar to that described in a previous 
communication (this vol., p. 135). It was almost completely 
immersed in water contained in a metal-bath, and, if desired, the 
temperature of the water in the bath could be raised to the boiling 
point. To destroy ammonia and albuminoid substances contained 
in the electrolyte, the acid was saturated with chlorine, and the 
cell was maintained at a temperature of 100° for several days 
until the chlorine and hydrogen resulting from the electrolysis of 
the acid interacted almost immediately on exposure to light. 
During the electrolysis of the acid, the cell was maintained at a 


* We have already succeeded in preparing electrolytic gas at least five times more 
sensitive than that obtained by Bunsen and Roscoe. 
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constant temperature. The device for adding a measured quantity 
of air or oxygen to the actinometer is depicted in the accompanying 
fgure. The mixture of hydrogen and chlorine was first passed 
through the taps a and b, and the insolation vessel of the 
actinometer until all the air had been displaced from the cell and 
the actinometer. The tap c was then opened, and the electrolytic 
gas was allowed to escape through the potassium hydroxide solution 
in the beaker z. The taps a and b were next simultaneously 
turned, so that the tubes m and n were placed in communication, 
and a current of air or oxygen was passed from m to until all 
the electrolytic gas in the tube between the taps a and 6 had been 
displaced. The tap c was then closed, and the taps a and 6 were 
turned, so that the electrolytic gas again passed into the 
actinometer. When a volume of gas just sufficient to drive back 


Chlorine 
i. Hydrogen 


the liquid in the index of the actinometer had been admitted to 
the insolation vessel, the tap @ was again turned so as to enable 
the hydrogen and chlorine to escape through the tube m. The 
volume of electrolytic gas thus admitted to the actinometer was 
more than sufficient to drive all the air enclosed between the taps 
a and } into the actinometer. Several measurements of the 
sensitiveness were made after each addition of air or oxygen, and 
the means of these are given in the table below. The standard 
light employed was a one-candle power Hefner amyl acetate lamp, 
which was carefully protected from draughts. To prevent any 
leakage of air into the electrolytic cell through the taps and 
ground-glass joints when the cell was not actually in use, a current 
of about 0°01 ampere was continuously conducted through it, the 
evolved gases being allowed to escape through the potassium 
hydroxide solution in the beaker «. The arrangements for main- 
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taining the pressure and temperature in the actinometer constant 
were the same as those employed by Burgess and Chapman (Trans, 
1906, 89, 1426). 

The volume of the insolation vessel, an allowance being made 
for the liquid contained in it, was 86°2 c.c., and the volume of the 
capillary tube between the taps a and b was 0°352 c.c. 

The Influence of Nitrogen.—To test the influence of nitrogen, 
the space between a and } was filled with atmospheric nitrogen, 
from which the oxygen had been removed with great care, and 
this nitrogen was then driven into the insolation vessel of the 
actinometer. The values of the sensitiveness before and after the 
addition of the nitrogen were 3°60 and 3°52 respectively. An 
equal volume of air was then admitted to the actinometer, and the 
sensitiveness was thereby reduced to 0°26. From this result, we 
conclude that the inhibitive influence of air must be ascribed to 
the oxygen contained in it, and that the effect, if any, of the 
nitrogen can be neglected. 

The Inhibitive Influence of Oxygen.—The effect of admitting 
successive volumes of oxygen to the insolation vessels are recorded 
in the following table. In the first column of the table the 
volumes of oxygen contained in 100 c.c. are given, and in the 
second and third columns the corresponding values of the sensitive- 
ness and the product: sensitivenessx volume of oxygen per 
100 c.c.: 


Oxygen in 100 c.c. Sensitiveness, [O] x8. 
oo 2°58 —_— 

0°0858 0°2507 0°02151 

0°1004 0°2172 0°02181 

0°1862 0°1218 0°02268 

0°5946 0°0389 0°02311 

10030 0°0268 0°02685 


Mean = 0°02319 


It will be immediately perceived that the oxygen contained in our 
electrolytic gas must have been considerably less than that contained 
in the gas prepared by Bunsen and Roscoe, for an addition of 
less than one part of oxygen in a thousand reduced the sensitiveness 
of our mixture in almost the same ratio as an addition of as much 
as five parts of oxygen in a thousand reduced that of Bunsen and 
Roscoe. Moreover, the electrolytic gas used in the last recorded 
experiment was by no means the most sensitive specimen which 
can be prepared, that employed to investigate the influence of 
nitrogen being more sensitive in the ratio of 3°6 to 2°6. 

If it is assumed that as a first approximation the product 
[O]xS is a constant equal to 0°0232, it becomes possible to 
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calculate the volume of oxygen in 100 c.c. of the original mixture. 
Let this amount of oxygen be =. 


Then 2°58 x x=0°0232, 


whence «=0°0090, or approximate one volume in ten thousand. 
On the assumption that the original gas contained this amount 
of oxygen, the values of [O0]xS have been calculated, and are 
recorded in the table below: 


Oxygen in 100 c.c. Sensitiveness. [O]xS. 
0°0090 2°58 0°0232 
00948 02507 0-0237 
0°1094 0°2172 0°0237 
071951 0°1218 00238 
0°6036 0:03887 0°0235 
1:012 002685 00272 

It is not improbable that the value of the product [O]xS may 
rise slowly as the amount of oxygen is increased, and if this should 
prove on further investigation to be the case, the chances of the 
sensitiveness of a pure mixture of moist chlorine and hydrogen 
being infinite would manifestly be increased. At the present time, 
attempts are being made to prepare mixtures of chlorine and 
hydrogen of greater sensitiveness than any which have hitherto 
been obtained and examined, and experiments are in progress for 
the purpose of testing our conjecture that the inhibitive influence 
of oxygen increases as moisture is removed. 

We will now consider briefly the bearing of the relation disclosed 
in this paper on the theory advanced by Burgess and Chapman 
(Trans., 1906, 89, 1433) to account for photochemical inhibition. 
The hypothesis in question assumes that the light absorbed by the 
chlorine is not immediately degraded into heat, but is, as it were, 
stored up as efficient energy in the molecules of chlorine. The 
union with hydrogen takes place by reason of this stored-up energy, 
and the rate of chemical change is, ceteris paribus, proportional 
to the amount of efficient energy accumulated. An inhibitor is 
supposed to discharge the efficient energy of the chlorine, which 
loses thereby its power of uniting with hydrogen.* 

Consider a volume element of the mixture illuminated by mono- 
chromatic light of intensity 7. Let x represent the efficient energy 
accumulated in the molecules of chlorine, and o the quantity of 
oxygen in the same element of volume. The rate of decrease of 


* The fact that neither iodine vapour nor anthracene vapour can be made to 
fluoresce when oxygen is present demonstrates that oxygen does, in certain cases, 
accelerate the degradation of energy derived directly from the light and stored in 
the molecules, 

We have endeavoured to show, but without success, that chlorine, free from 
oxygen, will fluoresce. 
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x or = due to the discharge of the efficient energy by the 


oxygen will obviously be proportional both to z and to o, or 


where #, is a constant. 
Also the rate of increase of z resulting from the light absorbed 


will be proportional to the intensity of the light, or 
dx 
= * k1,* 
but the loss and gain of z are equal. 
Therefore k,I = k,xo 
or «3 4 
k, o 
The efficient energy accumulated in the chlorine is directly 
proportional to the intensity of the light, and inversely proportional 
to the oxygen present. From which it follows that the rate of 
chemical change is proportional to the intensity of illumination 
and inversely proportional to the oxygen present. 
Tue Sir LEOLINE JENKINS LABORATORIES, 


Jesus COLLEGE, 
OXFORD. 


CVIIL—An Examination of Irritant Woods. Part I. 
Chloroxylonine from East Indian Satinwood. 


By 8. J. Manson Autp, D.Sc.(Lond.), Ph.D. 


THERE are at present two different kinds of satinwood in use in 
Great Britain—East Indian satinwood, derived from Chlorozylon 
swietenia, and West Indian or San Domingo satinwood, the 
product of Fagara flava. The woods are chiefly employed for 
veneering purposes and the manufacture of ornamental articles, 
as they have a very beautiful appearance, and are capable of 


* It may not be evident, at first sight, why it is assumed that the rate of increase 
of x is dependent only on the intensity of illumination and independent of the 
magnitude of x. Ona priori grounds, the assumption would not be legitimate ; but 
its validity rests on the fact established by Burgess and Chapman (Trans., 1906, 89, 
1429) that the coefficient of absorption of chlorine is uninfluenced by the presence of 
oxygen. The rapidity with which the energy is dissipated is so rapid that z is too 
small to influence the rate of conversion of light energy into the above-mentioned 
efficient energy of the chlorine molecules. 
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taking a@ high polish. Although much alike in appearance, they 
do not seem to have any botanical relationship. Both species have 
been reported at different times to possess poisonous characteristics, 
but this has only been verified in independent cases for West 
Indian satinwood. 

A few years ago several cases of poisonous irritation of the 
skin of men working at a Glasgow saw-mill were brought to the 
notice of Dr. H. E. Jones, of Ibrox, Glasgow, who traced them 
to the satinwood which the men were engaged in cutting. At the 
instance of Mr. James Whitton, Curator of the Botanic Gardens, 
Glasgow, samples of the two satinwoods, both of which were in 
use, were forwarded to the Imperial Institute for examination, 
together with an accompanying note stating that both produced 
the irritable eruption, but that one, the East Indian satinwood, 
was more virulent than that from San Domingo. The East Indian 
wood was consequently first examined. No previous cases of the 
production of poisonous effects have been recorded with regard 
to this wood, and it has since been frequently stated to be quite 
harmless (compare Jones, Brit. Med. Jouwrn., June 25th, 1904; 
Grabham, 2b7d., April 15th, 1905; Bidie, cdid., January 14th, 
1905). 

“- East Indian satinwood tree, Chloroxylon swietenia, D.C., 
grows largely in Central and Southern India and Ceylon. The 
wood is not now much exported to Europe, owing to the com- 
petition of the West Indian wood, which is cheaper and more 
plentiful. 

Preliminary Examination. 


For extraction, the wood was converted into sawdust, and this 
was exhausted severally with light petroleum, water, dilute hydro- 
chloric acid, and strong alcohol. By this means the presence was 
shown in the wood of calcium oxalate in fair quantity, a peculiar 
protein compound, two inert resins, a fixed oil, and an alkaloid. 
The oil after purification was found to be rather viscous and 
yellowish-brown in colour; the specific gravity is 0°965, and it 
remains perfectly clear on keeping. It is present to the extent 
of about 1 per cent. in the wood as received, and does not appear 
to possess irritant properties. 


Extraction of the Alkaloid. 


Owing to the comparatively small quantity of the alkaloid 
present in the wood, it is necessary to employ large quantities for 
The sawdust is thoroughly exhausted by continued 
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the percolate by distillation under slightly diminished pressure 
The remaining viscid, resinous mass is then exhausted severa] 
times with dilute (2 per cent.) hydrochloric acid. Finally, the 
resin is dissolved in dilute aqueous potassium hydroxide, and the 
residue, after filtration, is exhausted several times with dilute aciq 
and the solution added to the main acid extract. The resin jg 
precipitated from solution by the addition of acid, and the filtrate 
again added to the bulk of the extract. The alkaloid is noy 
liberated by the addition of dilute ammonia solution, and extracted 
thoroughly by repeated treatment with ether. On evaporating 
the dried ethereal solution, crusts of prismatic crystals separate, 
These are collected and recrystallised from absolute alcohol or 
chloroform. A further supply of the material may be obtained 
from the mother liquors. 

As the base cannot be identified with any known alkaloid, it is 
proposed to give it the name chloroxylonine. 


Properties of Chloroxylonine. 


; Chloroxylonine is best crystallised from ethyl alcohol, in which 
it is fairly soluble. The crystals are well-defined prisms, and 
probably belong to the monoclinic system. Crystals, often large 
and well-defined, may also be obtained from chloroform, in which 
the alkaloid very readily dissolves, but the crystals rapidly 
effloresce and lose one molecule of chloroform of crystallisation, 
becoming amorphous and opaque. 

The purified base melts at 182—-183°. It is soluble in dilute 
acids, and may be re-precipitated by ammonia, dissolving again 
in excess of the latter. It reacts neutral towards litmus. Con- 
centrated sulphuric acid dissolves the alkaloid without producing 
any coloration : 

0°1505 gave 0°3555 CO, and 0°0698 H,O. C=64°4; H=5'2. 

0°2035 ,, 04790 CO, ,, 0°0971 H,O. C=64:1; H=5°3. 

01370 ,, 73 c.c. N, (moist) at 20° and 760 mm. N=3°2. 

C..H,,0,N requires C=63°9; H=5'5; N=3'3 per cent. 

Using Perkin’s modification of Zeisel’s method, it was found 
that the alkaloid contains four methoxyl groups: 

0°1615 gave 0°3745 AgI. OMe=30°58. 

0°2285 ,, 05283 AgIl. OMe=30°50. 

C,gH,,O;N(OMe), requires OMe=30°02 per cent. 

The residual clear liquid obtained after boiling chloroxylonine 
with hydriodic acid was diluted with much water, whereby 4 
flocculent precipitate was obtained. After filtering and washing, 
it was dissolved in alcohol, and again precipitated with water. 
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The substance is apparently the unreduced hydroxy-alkaloid, 
CsH,,0,N(OH),. It forms a yellow powder, which gradually 
changes on standing to a slate grey, and finally to a purple shade. 
It melts and decomposes at about 285°, and dissolves readily in 
strong acids, being re-precipitated by water. Alkalis dissolve it 
with a bright green colour. It is soluble in most of the ordinary 
organic solvents : 

0'0980 gave 0°2158 CO, and 0°0388 H,O. C=60°8; H=4°4. 

C,3H,;0,N requires C=60°5; H=4°2 per cent. 

The optical rotation of chloroxylonine was measured in chloro- 
form solution at 18° for a 4°6640 per cent. solution. The substance 
is levorotatory, and the mean of a dozen readings gave [a |i; — 9°18’. 
The solution of chloroxylonine in dilute mineral acids is also 
levorotatory. 


Salts of Chlorozylonine. 


Chloroxylonine is a mono-acidic base, and as such forms a 
mono-hydrochloride, hydrobromide, etc. The alkaloid is only very 
weakly basic in character, and as most of its salts dissociate in 
aqueous solution, it is impossible to prepare them by dissolving 
the base in a dilute solution of the acid; indirect methods were 
therefore employed. 

Chlororylonine Hydrochloride, Cy>H,,0,N,HCl.—As evaporation 
of a solution of chloroxylonine in dilute hydrochloric acid invariably 
produces varnishes, the alkaloid is dissolved in perfectly dry 
chloroform, and a dry chloroform solution of hydrogen chloride 
added in slight excess, the mixture being kept cool with ice. After 
keeping for several hours in a stoppered vessel, the solution is 
allowed to evaporate gradually, when the hydrochloride separates 
in rosettes of a beautiful slightly green substance crystallising in 
long needles and melting at about 95°: 

0°1145 gave 0°0359 AgCl. Cl=7°8. 

Cy.H,,O;,NCI requires Cl=7°9 per cent. 

On the addition of water, the hydrochloride decomposes into 
hydrogen chloride and the free base, the latter dissolving again on 
addition of more acid. 

Chloroxylonine Hydrobromide.—The hydrobromide is prepared 
in a similar manner to the hydrochloride. It crystallises from 
chloroform in prismatic needles melting at 125°. 

Chlorozylonine Nitrate, Co.H,,0;,N,HNO;.—To prepare this salt, 
the calculated quantity of silver nitrate, dissolved in absolute 
alcohol, is added to the alkaloid hydrochloride also dissolved in 
absolute alcohol. After warming slightly for a short time, the 
precipitated silver chloride is collected, and the solution allowed 


VOL, XCV. 3 RB 


968 AULD: AN EXAMINATION OF IRRITANT WOODS. PART 1, 


to cool. The nitrate separates out almost at once as a bulky, white 
mass of long, fibrous crystals. These are collected, washed with 
absolute alcohol, and dried on porous tile. After recrystallisation, 
the nitrate forms a beautiful white, microcrystalline substance, 
which decomposes on heating at 150—160°. It dissolves in most 
of the ordinary solvents: 

0°1230 required 0°0101 NaOH. HNO,=13°0. 

Cy2H,30,N,HNO, requires HNO,=13°2 per cent. 

Chlororylonine aurichloride, Cy2,H:,0;N,HAuCl,, is obtained by 
the gradual addition of gold chloride to the solution of the base 
in dilute hydrochloric acid. The double salt is immediately pre. 
cipitated as a bulky, crystalline mass, and, after recrystallising 
from dilute alcohol, is obtained in reddish-yellow groups of needles 
melting at 70°. The aurichloride is very soluble in warm water, 
more sparingly so in the cold solvent. It also dissolves readily in 
alcohol: 

0°1747 gave 0°0470 Au and 0°1313 AgCl. Au=26°7; Cl=18'6. 

C..H,,0,NClAu requires Au=26°2; Cl=18°8 per cent. 


Action of Acetic Anhydride on Chloroxylonine. 


Several attempts to prepare an acetyl compound from chloro- 
xylonine all resulted in failure, the original alkaloid being readily 


obtainable from its solution in acetic anhydride even after boiling 
for six hours. From this, it must be concluded that chloroxylonine 
contains no free hydroxyl groups. 


Unfortunately for the success of the investigation, further large 
supplies of the East Indian satinwood which were obtained were 
found to contain only very small quantities of the alkaloid. A 
more detailed account of chloroxylonine is therefore indefinitely 
postponed until larger quantities of material are available. 

The physiological action of chloroxylonine is at present being 
fully investigated by Professor Cash, of Aberdeen University, and 
there seems little doubt that in certain circumstances the alkaloid 
is capable of producing dermatitis similar in character to that 
ascribed to the wood itself. 


The author wishes to thank Professor W. R. Dunstan, F.R.S., 
for permission to publish the results of this investigation. 


SCIENTIFIC AND TECHNICAL DEPARTMENT, 
ImPeriAL Institute, 8. W. 
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(IX.—Contributions to the Chemistry of the Terpenes. 
Part V. The Action of Chromyl Chloride on 
Terpinene and on Inmonene. 

By Georce GrraLD HENDERSON and WILLIAM CAMERON. 


In continuation of the investigation of the products formed by the 
action of chromyl chloride on terpenes, of which accounts have 
already been communicated to the Society (Trans., 1903, 83, 1299; 
1907, 91, 1871; 1908, 98, 288), we have recently examined the 
behaviour of terpinene towards that oxidising agent, with some- 
what unexpected results. When a dilute solution of chromy]l 
chloride (2 mols.) in dry carbon disulphide is added slowly to 
terpinene (1 mol.) largely diluted with the same solvent, there is 
considerable evolution of heat, and a solid compound separates. 
The solid is of a greyish-brown colour when dry, and on exposure 
to air quickly takes up moisture and undergoes decomposition. On 
treatment with water, it yields an insoluble, brown, oily liquid of 
an aromatic odour, while chromic chloride passes into solution. 
When this liquid oxidation product, after purification by dis- 
tillation with steam, is mixed with a saturated solution of sodium 
hydrogen sulphite, about one-half remains unattacked, and the 
rest forms a bisulphite compound, which separates quickly in small, 
pearly plates. From this compound an aldehyde of the formula 
C,yH,,O was prepared in the usual manner. Investigation of the 
properties of the aldéhyde led to the conclusion that it is not the 
expected derivative of terpinene, but is, indeed, no other than 
a-p-tolylpropaldehyde, CsH,Me-CHMe-CHO. It has already been 
shown by Errera (Gazzetta, 1889, 19, 528; 1891, 21, 76) and by 
Miller and Rohde (Ber., 1890, 28, 1070; 1891, 24, 1356) that this 
aldehyde is one of the substances produced by the action of 
water on the solid compound, C,9H,4,2CrO,Cl,, which is formed 
when a dilute solution of cymene in carbon disulphide is treated 
with a similar solution of chromyl chloride. 

The portion of the liquid oxidation product which did not react 
with sodium hydrogen sulphite was washed with water, dried, and 
fractionally distilled under diminished pressure, with the result 
that three distinct liquid substances were separated from it. The 
liquid of lowest boiling point, of which the quantity was small, 
was proved to be cymene. The sound fraction, which was also a 
very small one, contained an oxidation product of the formula 
C)H,,0, which presumably is a ketone, since it forms a semi- 


carbazone. The third compound, which was present in by far the 
3K 2 
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largest proportion, was found to be a ketone of the formula 
C)H,,O, and was ultimately identified as p-tolyl methyl ketone, 
COMe:C,H,Me. This ketone has also been obtained from cymene 
by Errera and by Miller and Rohde, being produced along with 
a-p-tolylpropaldehyde by the action of water on the additive 
compound, C,)H,,,2CrO,Cl,. 

According to these results, terpinene on oxidation with chromy] 
chloride yields the same chief products as are formed by treatment 
of cymene with that reagent. It might therefore appear not 
improbable that the hydrocarbon employed in our experiments was 
in reality cymene, and not terpinene; that, however, was not the 
case. We used for oxidation two different specimens of terpinene. 
One of these, supplied by Schuchardt, was presumably prepared 
from pinene by the usual process of treatment with sulphuric acid. 
To obtain the other we used the method of Genvresse (Compt. rend,, 
1902, 134, 360), according to which pinene was heated for some 
time with about one-fourth of its weight of crystallised arsenic 
acid, the mixture then subjected to distillation in a current of 
steam, and the terpinene collected, dried, and distilled. Before 
use each specimen was carefully distilled through a “ pear” frac. 
tionating column, and only the fraction which boiled at 179—181° 
was used for oxidation. Other physical properties of this fraction 
were determined, with the following results: 

dip = 0°845 ; mp =1°48521 ; mol. refract. 45°6. 

Moreover, the liquid resinified quickly on standing, and, when 
treated with nitrous acid, readily gave a copious yield of the 
characteristic crystalline terpinene nitrosite, melting at 155° 
There is no doubt that the substance in our hands was ordinary 
terpinene, which, according to Wallach (A nnalen, 1908, 362, 285), 
is mainly composed of a-terpinene, 

' CH—CH 

CMe<or OH, 
It must also be noted that the specimens of terpinene cannot have 
contained more than a very small proportion of cymene, and yet 
the yields of a-p-tolylpropaldehyde and of p-tolyl methyl ketone 
obtained from them were not very far from being quantitative. 
In short, it is impossible to account for the formation of such 
quantities of these compounds on the supposition that they were 
directly derived from cymene present as an impurity in the 
terpinene. 

Our experiments, therefore, have shown that chromyl chloride 
acts quite differently on terpinene on the one hand, and on pinene 
and camphene on the other. Each of the latter hydrocarbons 
yields an additive compound of the formula C,,H,,,2Cr0,Cl,; 


>C:CHMe.. 
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terpinene, on the contrary, is, for the most part, first oxidised to 
cymene, and the cymene then reacts with the chromyl chloride to 
form the compound C,)H,,4,2CrO,Cl,. Probably a small proportion 
of the terpinene is at the same time converted into a compound, 
CypH2CrO,Cl,, which on treatment with water yields the ketone 
(,H,,0 referred to above. 

In the course of this work we were struck with the resemblance 
between the properties of the aldehyde and of the ketone formerly 
obtained by oxidising limonene with chromyl chloride (Trans., 
1907, 91, 1871), and of the a-p-tolylpropaldehyde and p-tolyl methyl 
ketone respectively, which were similarly formed from terpinene. 
In particular, the semicarbazones of the two aldehydes and ketones 
exhibited this resemblance in a striking manner. The aldehyde 
derived from limonene was found to boil at 221—222°/755 mm., 
and its semicarbazone to melt at 156°; a-p-tolylpropaldehyde boils 
at 222° under atmospheric pressure, and its semicarbazone melts 
at 155°; the melting point of a mixture of the two semicarbazones 
was the same. Former analyses of the limonene aldehyde gave 
results which agreed rather better with the figures calculated for 
the formula C,,H,,0 than with those corresponding with the 
formula C,,H,.0, but, on the other hand, determinations of the 
percentage of nitrogen in its semicarbazone favoured the adoption 
of the latter formula. In their other properties the two aldehydes 
agree fairly closely, the only notable difference observed between 
them being that the limonene aldehyde underwent partial oxidation 
on exposure to air, yielding a small proportion of a crystalline acid, 
whilst the other does not appear to oxidise at all readily in these 
circumstances. Taking the available evidence into account, we 
conclude that the aldehyde derived from limonene consists for the 
most part of a-p-tolylpropaldehyde, but that a small proportion of 
a different aldehyde is mixed with this. The two ketones also 
resemble each other closely. The ketone derived from limonene 
was found to boil at about 112°/20 mm., whilst p-tolyl methyl 
ketone boils at about 109°/14 mm. The semicarbazone of each 
ketone crystallises with 1 mol. of methyl alcohol, which is quickly 
lost on exposure to air; after heating at 100° to expel methyl 
alcohol, each semicarbazone melts at 204—205°, and a mixture of 
the two compounds melts at the same temperature. Analysis of 
the limonene ketone gave results which pointed to the formula 
C,H,,0 rather than to CyH,O; but the percentage of nitrogen 
contained in its semicarbazone agreed closely with that calculated 
for the corresponding derivative of a ketone of the formula 
Cj,H,,O. Hence it appears that the ketone derived from limonene 
is p-tolyl methyl ketone. 
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Limonene, therefore, when treated with chromyl chloride under 
the conditions formerly described, is, to a large extent at least, 
oxidised to cymene, which then forms the solid, C,)H,,,2Cr0,(,. 
While resembling terpinene in this respect, it differs considerably 
from the latter in other ways. As already stated, the yields of 
a-p-tolylpropaldehyde and p-tolyl methyl ketone obtained from 
terpinene are very good, but the solid compound derived from 
limonene gives, on treatment with water, much resinous matter 
and only very small quantities of the aldehyde and the ketone. 
Further, more than half of the oxidation product of terpinene is 
composed of the aldehyde, while the ketone is the chief constituent 
of the liquid obtained from limonene. 


EXPERIMENTAL 


The method of preparing and decomposing the solid produced 
by the action of chromy! chloride on terpinene was essentially the 
same as that, employed in the case of pinene and limonene, which 
has already been described (Trans., loc. cit.). The brown, oily 
liquid formed by treatment of the solid compound with water was 
purified by distillation in a current of steam, almost the whole 
quantity passing over, and only a little resinous matter being left 


in the flask. The purified liquid, now in the form of a clear, 
yellow oil, was mixed with a saturated solution of sodium hydrogen 
sulphite, and the bisulphite compound, which crystallised quickly 
in lustrous, pearly leaflets, was collected with the aid of the pump 
and washed with alcohol and with ether. The part of the liquid 
oxidation product which remained was treated repeatedly with 
the sodium hydrogen sulphite solution until no more crystals were 
formed, and as a result it was found that fully one-half of the 
original liquid consisted of an aldehyde. The bisulphite compound 
was heated with sodium carbonate solution in a current of steam, 
the aldehyde extracted from the distillate with ether, the ethereal 
solution washed, dried, evaporated, and the aldehyde finally 
purified by distillation under diminished pressure in a current of 
dry carbon dioxide. The aldehyde thus prepared is a colourless 
liquid with a peculiar odour. Its boiling point is 222° at 
atmospheric pressure ; 23}; = 0°984 ; n,) =1°51436 ; mol. refract. =45'3. 
It is practically insoluble in water, but freely soluble in alcohol or 
ether, and it exhibits the characteristic properties of aldehydes. 
Oxidation does not take place at all readily when it is exposed 
to air. Analysis showed the formula of the compound to be 
C,oH,,0 : 
0°2576 gave 0°7654 CO, and 0°1886 H,O. C=81:04; H=814. 
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0'3080 gave 0°9130 CO, and 0°2230 H,O. C=80°84; H=8°05. 
C,)H,,0 requires C=81'0; H=8'l per cent. 


The semicarbazone of the aldehyde, C,)H,.-N-NH-CO-NH,, 
erystallises in small, colourless prisms, which melt at 155°. It is 
readily soluble in cold, very easily so in hot, methyl alcohol: 


0'1156 gave 19°9 c.c. No at 16° and 767 mm. N=20°8. 
01345 ,, 238cce.N,,,17° , 764mm. N=20°6. 
C,,H,;,ON; requires N=20°5 per cent. 


The properties of this aldehyde correspond precisely with those 
of a-p-tolylpropaldehyde, C,H,Me-CHMe-CHO, and the two sub- 
stances behave in the same manner towards oxidising agents. 
By heating for a considerable time with silver oxide, each 
is converted into the corresponding a-p-tolylpropionic acid, 
(,H,Me-CHMe-CO,H, small, colourless crystals which melt at 
41—42°; when boiled with dilute nitric acid, each is oxidised to 
ptoluic acid, and when oxidised with potassium permanganate each 
yields terephthalic acid. In short, there can be no doubt that 
the aldehyde obtained by oxidising terpinene with chromy] chloride 
is a-p-tolylpropaldehyde, or, in other words, is a derivative of 
cymene and not of terpinene. 

The ethereal solution of that part of the liquid oxidation product 
of terpinene which remained after the removal of the aldehyde by 
means of sodium hydrogen sulphite was washed, dried, and 
evaporated. The residual liquid was fractionally distilled under 
diminished pressure in a current of dry carbon dioxide, and after 
several distillations yielded three fractions of almost constant 
boiling point, whilst a small quantity of a thick residue containing 
some chlorinated product was left. The chief constituent was a 
colourless, rather oily liquid with a pleasant odour, which distilled 
at 1099/14 mm., and showed the character of a ketone. Several 
concordant analyses gave results agreeing fairly well with those 
required by the formula CyH,,O, but as the compound was not 
quite pure but contained traces of a chlorinated product of which 
the separation was troublesome, its semicarbazone was prepared 
and analysed. These analyses left no doubt that the formula of 
this ketone is CyH,,0. 

The semicarbazone of the ketone, C,H,).N-NH-CO-NH,, crystal- 
lises from methyl alcohol in lustrous, colourless prisms containing 
one molecule of alcohol of crystallisation, which quickly become 
opaque and break down to a powder on exposure to air. After 
being heated for some time at 100°, the melting point of the semi- 
carbazone is 204—205°. It is not readily soluble in hot, and very 
sparingly so in cold, methyl alcohol : 
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0°1370 gave 26°6 c.c. N, at 18° and 760 mm. N= 
071420 ,, 27lec. No, 17° , 762mm. N= 
C,9H,,0N, requires N =22°0 per cent. 

To determine the proportion of alcohol of crystallisation, g 
quantity of the crystals was quickly dried with filter paper, weighed, 
and heated at 100°: 

0°3670 lost 0°0520. MeOH=14'1. 

C,9H,g,ON;,MeOH requires MeOH = 14°4 per cent. 

The phenylhydrazone of the ketone was also prepared. It 
crystallises from dilute alcohol in delicate, colourless needles, which 
melt at 88—89°. 

The properties of the ketone, C,H,,O, obtained by the oxidation 
of terpinene, as well as those of its semicarbazone and phenyl 
hydrazone, agree so closely with the properties of p-tolyl methyl 
ketone, COMe’C,H,Me, and of its corresponding derivatives, that 
there can be no doubt as to the identity of the two compounds. 

The other two substances separated from the ketone by fractional 
distillation constituted only a small proportion of the mixture. 
The first of these, a colourless liquid which boiled at 176° under 
atmospheric pressure, proved to be cymene, probably some of that 
formed from the terpinene, which had escaped further oxidation 
owing to part of the chromyl chloride having been consumed in 
converting the terpinene into cymene. The other substance, which 
distilled at 100°/14 mm., is a colourless liquid with a strong odour 
somewhat like that of peppermint. It appears to be a ketone, 
since it readily forms a crystalline semicarbazone. Although the 
quantity was too small to permit of thorough purification of the 
substance, the results of analysis agreed fairly well with those 
calculated for the formula C,H,,0: 

0°2604 gave 0°7530 CO, and 0°2048 H,O. C=78'86; H=8°74. 

0°2398 ,, 0°6962 CO, ,, 01890 H,O. C=79'15; H=875. 

C,H,,.O requires C=79°4; H=8'8 per cent. 

The semicarbazone of this ketone, C)H,.:N-NH-CO-NH,, crystal- 
lises from alcohol in very small, colourless prisms, which melt at 
200—201°. It is only sparingly soluble in alcohol: 

0°1158 gave 22°3 c.c. N, at 19° and 754 mm. N=21°9. 

C,,H,,ON; requires N=21°8 per cent. 


We are indebted to the Research Fund Committee of the Carnegie 
Trust for a grant which met the cost of the materials used. 
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(X.—Esterification Constants of Substituted Acrylic 
Acids. Part IV. 


By Joun JoSEPH SupBorovcH and Morton James Pryce Davizs. 


Ixy continuation of the work on the esterification of acrylic acid 
derivatives (Trans., 1898, 78, 81; 1905, 87, 1840; 1907, 91, 1033; 
this vol., 315), we have determined the rates of esterification of the 
various methyl-substituted derivatives of acrylic acid, and the 
results obtained are recorded in the present paper. 

The constants were determined at 15°, using the hydrogen 
chloride catalytic method, and the general procedure was similar to 
that already described (compare this vol., 318). In several cases 
the original concentration of the organic acid (a) was not deter- 
mined before mixing, but a few minutes after the solutions of 
hydrogen chloride and organic acid had been mixed. It was 
thought that somewhat more concordant results might be obtained 
by this method, as the time occupied in mixing equal volumes of 
the two solutions is appreciable. At the end of the given time f, 
water was added to the contents of one of the bottles in order 
immediately to stop the esterification, and the mixture then 
titrated with standard barium hydroxide solution, using phenol- 
phthalein as indicator. 

We have investigated all the methylacrylic acids, with the excep- 
tion of zsocrotonic acid, and in addition we have determined the 
constants for the saturated analogues of these olefine acids if they 
were not already known. 

The results are given in the table on p. 976. 

In connexion with these results, we desire to draw attention to 
the following points: 

1. In previous papers attention has been drawn to the inhibiting 
action of the methyl group on esterification when introduced into 
the acetic acid molecule (Sudborough and Lloyd, Trans., 1899, 
75, 467), or into the molecule of methyl hydrogen succinate (Bone, 
Sudborough, and Sprankling, Trans., 1904, 85, 534). The present 
results show, in quite as marked a manner, the inhibiting effect 
of methyl groups on esterification when introduced into the 
acrylic acid molecule. Thus the constant for acrylic acid is 3°09, 
and the value continues to fall for the various mono- and di-methy]l- 
acrylic acids, until, in the case of trimethylacrylic acid, it has reached 
the value 0°0424, a value which is of somewhat the same order 
of magnitude as that for the acid ester, CO,Me*CMe,*CH,*CO,H 
(Trans., 1904, 85, 540), or for a-chloroal/ocinnamic acid (Trans., 
1905, 87, 1843). 
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2. The results indicate in a most marked manner the great 
difference between the rates of esterification of an acrylic acid and 
of its substituted analogue, the presence of a double linking in the 
aB-position always producing an enormous retardation in the 
esterification (compare table, this vol., p. 315). 

3. Attention has been drawn previously (Trans., 1898, 78, 93; 
1905, 87, 1842) to the different rates of esterification of two 
stereoisomeric acids of the types: 

xX: C H H°C-X 
and x , 
= C CO,H Y¥-C-CO,H 
When the substituent X is in the cis-position with respect to 
the carboxylic group, the acid is always esterified more slowly 
than when the substituent is in the trans-position. A comparison 
of the values for angelic and tiglic acids would indicate that 
tiglic acid is the trans- and angelic acid the cis-isomeride, as 
indicated in the formulz: 
CH, *C H H-C-CH 
CH, Cs CO,H CH,°C:CO,H 
Tiglic acid. Angelic acid. 
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This supports the view put forward by Pfeiffer (Zeztsch. physikal. 
Chem., 1904, 48, 40). 

4, Previous results (Trans., 1905, 87, 1842) have shown that, 
as a rule, B-substituted acrylic acids are esterified more rapidly 
than their a-isomerides (compare also Anschiitz, Ber., 1897, 30, 
2652). 

A auaiiai of the values for tiglic acid, 0°408, and 88-dimethyl- 
acrylic acid, 0°285, at once shows that these acids are exceptional, 
as the BB-dimethyl-substituted acid is esterified more slowly than 
an isomeric af-substituted acid. In connexion with this, it may 
be pointed out that the values for a-chlorocrotonic acid and 
-chloroisocrotonic acid are practically identical, namely, 0°163 and 
0172 (Trans., 1905, 87, 1843). 


Notes on the Acids Used. 


The acrylic acid was prepared by the removal of bromine from 
af-dibromopropionic acid as recommended by Biilmann (/. pr. 
Chem., 1900, [ii], 61, 215), and was obtained as a colourless liquid 
boiling at 70—71°/30 mm. It was not quite pure, and the results 
given in the table may be somewhat low. The a-methylacrylic 
acid was prepared by a method worked out several years ago in 


these laboratories by Dr. K. J. Thompson. One hundred and 
twenty-four grams of ethyl a-bromozsobutyrate and 100 grams of 
dimethylaniline are kept gently boiling in a flask provided with a 
long neck. At the end of each hour the fraction boiling below 
125° is distilled over and collected. This consists mainly of ethyl 
a-methylacrylate, and after four hours the yield is about 35 grams. 
As the ester readily polymerises when heated, it is not advisable to 
purify it by repeated fractional distillation. The liquid boiling 
at 117—120° is hydrolysed by warming for several hours with 
alcoholic potash (1°5 mols.), and, on cooling, crystals of potassium 
amethylacrylate separate in glistening plates. A further quantity 
can be obtained by evaporating the mother liquor, and the whole 
is purified by recrystallisation from hot alcohol. The pure salt 
is decomposed by a slight excess of 50 per cent. sulphuric acid 
and the acid extracted with pure ether; after drying the ethereal 
solution and removing the ether, the acid is obtained as a colourless 
oil, which sets to a crystalline mass when kept in the cold over 
phosphoric oxide. The melting point was 14°5°. 

We have tried the method recommended by Lossen and Gerlach 
(Annalen, 1905, 342, 112) for the preparation of a-methylacrylic 
acid, but the yields were always poor. 

88-Dimethylacrylic acid was prepared by Barbier and Léser’s 
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method (Bull. Soc. chim., 1905, [iii], 38, 815) from mesityl oxide 
and sodium hypochlorite, and was purified by crystallisation from 
light petroleum (b. p. 50—60°), when it was obtained in brilliant, 
colourless prisms of considerable size and melting at 69°. 

Both angelic and tiglic acids were crystallised from light 
petroleum (b. p. 35—40°); the former separated in small crystals, 
m. p. 45°5°, and the latter in extremely well-developed, water-clear 
crystals, m. p. 64°29. 

The trimethylacrylic acid was prepared from §-hydroxy. 
aB-dimethyl-n-butyric acid (W. H. Perkin, Trans., 1896, 69, 1482), 
the latter being obtained by Reformatsky’s reaction from acetone, 
ethyl a-bromopropionate, and zinc. We have tried several methods 
with the object of obtaining a good yield of trimethylacrylic acid 
from this hydroxy-ester, but the yields in all cases were small. 

The method of heating the acid with acetic anhydride and then 
boiling with aqueous potassium hydroxide gave 2°8 grams of 
trimethylacrylic acid from 10 grams of hydroxy-acid. The direct 
product of the action of acetic anhydride was not a free acid, as 
it did not dissolve in sodium carbonate solution, and it had no 
definite boiling point. 

By carefully warming the ester of the hydroxy-acid with 
phosphoryl chloride, and then hydrolysing the product (b. p. 
168—174°) with alcoholic potash, a yield of 2°1 grams of tri- 
methylacrylic acid was obtained from 10 grams of the hydroxy- 
ester. The acid was crystallised from water, and obtained as 
colourless needles, m. p. 71°. 

The isobutyric acid boiled at 154—154°5°/758 mm., the iso- 
valeric acid at 176°/757 mm., and the a-methylbutyric acid at 
174°5—176°/767 mm. 

The af-dimethylbutyric acid was prepared by heating the 
corresponding malonic acid (Perkin, Trans., 1896, 69, 1477), and, 
after three rectifications, was obtained as a colourless liquid boiling 
at 190—192°/767 mm. 


We wish to thank the Research Fund Committee of the Chemical 
Society for a grant which has enabled us to defray part of the 
cost involved in this research. 
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CXL—The Constitution of the Salts of Barliturie Acid. 
By Jonn Kerroot,Woop and Emma ALEXANDER ANDERSON, 


Ir has been shown by one of us (Wood, Trans., 1906, 89, 1831), and 
also by Triibsbach (Zettsch. physikal. Chem., 1895, 16, 711) and Hantzsch 
and Voegelen (Ber., 1902, 35, 1006), that barbituric acid is an acid 
considerably stronger than acetic acid. Such a value for the dissocia- 
tion constant would be exceedingly high were the acidity to be due 
simply to the hydrogen of one of the imino-groups, but it was shown 
by Wood (Joc. cit.) that most of the acidity was to be traced to the 
methylene group, the C-dialkylbarbituric acids having dissociation 
constants less than one-thousandth of that of the parent substance. 
Hantzsch and Voegelen (loc. cit.), from determinations of the electrical 
conductivity of solutions of barbituric acid in aqueous alcohol, had 
previously drawn the conclusion that barbituric acid is a pseudo-acid, 
but were unable to decide whether the acid, when in solution, had the 
formula NH<CO'CH?>0-0H or NHN) E> CO. Taking 
the results obtained by Wood (loc. cit.) into account, and neglecting 
the slight acidity due to the imino-group, the second of these formule 
would be the correct one for the acid in solution, and the salts 
would have analogous formule, the hydrogen of the hydroxyl group 
being replaced by metals. 

An alternative view to explain the high dissociation constant of 
barbituric acid would be that the ring might be broken by the 
action of water, giving rise to a ureido-acid, 

NH,°CO*NH°CO-CH,°CO,H, 
in the same way that parabanic acid is decomposed with the forma- 
tion of oxaluric ‘acid. Such a rupture of the ring is, however, very 
unlikely in the case of barbituric acid ; rather would the ureido-acid 
containing a chain of six carbon and nitrogen atoms have a tendency 
to pass into barbituric acid, the conditions being favourable to ring 
formation, Further, it is exceedingly improbable that replacement 
of the hydrogens of the methylene group by alkyl groups would 
prevent the rupture of the ring, assuming it to take place in the case 
of barbituric acid, but some such effect would be necessary to account 
for the great discrepancy between the values of the dissociation con- 
stants of barbituric acid and its C-dialkyl derivatives. Finally, were 
rupture of the ring to take place, the salts of barbituric acid would be 
salts of the new ureido-acid, and on analysis would show a molecule of 
water more than would be the case were there no rupture. The fact 
that some of the salts are anhydrous and have compositions agreeing 
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with the ring formula, shows that this alternative explanation jg 
inadmissible. 

From its intimate connexion with barbituric acid, it was considered 
that it would be of interest to prepare the above-mentioned ureido. 
malonic acid and to study its properties. Various attempts were 
made by the authors to prepare the compound by the hydrolysis of 
cyanoacetylearbamide, but all of these, no matter what hydrolysing 
agent was used, were unsuccessful. 

Attempts were then made to condense together malonic acid and 
carbamide, and from these substances, using acetic anhydride as the 
condensing agent, the amide of the desired acid was ultimately 
obtained. This amide, on treatment with sodium hydroxide, yielded 
a sodium salt, the composition of which agreed with that of sodium 
barbiturate, and, on being acidified, it yielded barbituric acid and not 
the ureido-acid. Such behaviour is in agreement with the observation 
of Boehringer and Sthne (D.R.-P. 193447), that the ethyl ester of 
ureidomalonic acid, on saponification, is converted into sodium 
barbiturate. 

These results show that it is impossible to prepare and isolate the 
ureido-acid, since, owing to the tendency to ring-formation, it imme- 
diately loses water and passes into barbituric acid. 

The formation of sodium barbiturate by the action of sodium 
hydroxide on the amide and ethyl ester of ureidomalonic acid shows 
conclusively that the salts of barbituric acid must have the constitution 
N HOM) ‘CHS where M represents a univalent metal. 

oi sia: 

This action of sodium hydroxide on the amide is shown as follows: 

NH—CO NH—CO N ——— 

Go OH, —> 6o OH, -> 0 

NH, CO-NH, NH, GO,Na NE: 

NH—CO 
—> sr) OH ; 
NH—U-ON a 
it being taken for granted that the nitrogen of the amido-group is 
removed, rather than that contained in the carbamide portion of the 
molecule. 
EXPERIMENTAL. 


Preliminary Eaperiments with Cyanoacetylcarbamide.—It has been 
shown by Traube (Be., 1900, 33, 1381) that cyanoacetylcarbamide, 
on treatment with sodium hydroxide, yields the sodium salt of 
4-amino-2 : 6-dihydroxypyrimidine. In face of this result, alkalis 
appeared out of the question for the conversion of cyanoacetylcarb- 
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amide into ureidomalonic acid, but it was thought the cyanogen group 
might be hydrolysed by using some other agent. Hydrochloric acid 
was first tried, but without success, the only apparent result being to 
decompose the cyanoacetylearbamide into cyanoacetic acid and carb- 
amide. It was then attempted to hydrolyse the substance by heating 
it with water under pressure, Several grams were heated with water 
in a sealed tube to 120° for about eight hours. On opening the tube 
there was an escape of gas, and the liquid possessed a strong 
ammoniacal odour. A portion of the liquid, on treatment with 
hydrochloric acid, effervesced vigorously, owing to the escape of carbon 
dioxide. The liquid was at first slightly cloudy, but, on standing, 
a precipitate gradually formed. This was collected and dried ; 
on analysis it proved to be 4-amino-2 : 6-dihydroxypyrimidine, its 
behaviour when dissolved in sodium hydroxide and treated with 
sodium nitrite and sulphuric acid supporting this conclusion, The 
liquid from which the pyrimidine had been precipitated was extracted 
with ether, and from the ethereal extract a small quantity of a solid 
acid was obtained ; this substance possessed all the properties of cyano- 
acetic acid. It appears evident, therefore, that when cyanoacety]l- 
carbamide is heated with water under pressure, part is converted into 
the isomeric 4-amino-2 : 6-dihydroxypyrimidine, whilst the rest is 
decomposed, forming eventually cyanoacetic acid, ammonia, and 
carbon dioxide, the latter two substances existing partly as ammonium 
carbonate. In view of these results no further attempts to prepare 
the ureido-acid from cyanoacetylearbamide were made. 


Attempts to Prepare Ureidomalonic Acid from Carbamide and 
Malonic Acid. 


Grimaux (Bull. Soc. chim., 1876, [ii], 31, 146) first synthesised 
barbituric acid by the action of phosphoryl chloride on a mixture 
of carbamide and malonic acid. The authors considered that by 
using some other condensing agent it might be possible to attack only 
one of the carboxyl groups of the acid. A preliminary experiment 
was made in which a mixture of carbamide, malonic acid, and acetic 
anhydride, in equimolecular proportions, was heated on the water- 
bath. The mixture first melted, forming a clear yellow liquid, which 
soon burst into vigorous effervescence and deposited a yellow solid. 
When all apparent action was over, water was added to the mixture 
and the solid collected and dried. The percentage of nitrogen in 
the small amount of product obtained from this preliminary experi- 
ment suggested that the substance might possibly be malonylbiuret, 
and accordingly, in repeating the experiment on a larger scale, 
the proportions in which the original substances were mixed were 
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such as would most favour the production of that compound, namely, 
two molecules each of carbamide and acetic anhydride and ono 
molecule of malonic acid. This mixture, when heated on the water. 
bath, behaved as already described. On attempting to purify the 
product, it was found that it was not a single substance, as had been 
concluded from the preliminary experiment, but a mixture. The only 
liquid with any appreciable solvent action was water, and the mixture 
was accordingly submitted to fractional crystallisation from that 
liquid. The mixture was in this way resolved into three components, 
the most soluble of which was proved on analysis to consist of 
barbituric acid. 

The third or least soluble component of the original product was a 
white powder, almost insoluble in boiling water, from which liquid it 
separated in fine needles : 

01163 gave 0°1419 CO, and 0:0501 H,O. C=33:27; H=4-78, 

01147 ,, 28-0 c.c. N, (moist) at 125° and 760 mm. N=28-92. 

C,H,O,N, requires C=33:10 ; H=4'82 ; N =28-96 per cent. 
This result would agree with either ammonium barbiturate or the 
amide of ureidomalonic acid. From the fact that on grinding the 
substance in a mortar with soda-lime and a little water no ammonia 
was evolved, and that ammonia was only evolved very slowly on 


boiling the substance with a solution of sodium hydroxide, the former 
alternative appears to be impossible. It must be concluded, therefore, 
that one of the products formed by the action of acetic anhydride on a 
mixture of carbamide and malonic acid is the amide of ureidomalonic 
acid. 


The amide, when dissolved in sodium hydroxide solution and then 
treated with sodium nitrite and dilute sulphuric acid, gave a deep 
magenta colour similar to that given by barbituric acid when treated 
in a similar manner. 

Action of Sodium Hydroxide on Ureidomalonamide.—The compound 
on being boiled with a 2/-solution of sodium hydroxide wholly 
dissolved, and slowly evolved ammonia. No sodium salt separated 
from the liquid on cooling, but on the addition of alcohol a white 
precipitate, consisting of a sodivm salt, was obtained. This was 
collected, washed with alcohol, and dried, first in the air and after- 
wards by heating to 120°: 

0°2877 gave 0:1423 Na,SO,. Na=16-02. 

Sodium barbiturate requires Na=15°33; sodium ureidomalonate 

requires Na=13°6 per cent. 

The sodium salt was dissolved in water and concentrated hydro- 
chloric acid added. The solution, on keeping, deposited small crystals, 
which were collected, washed with water, and dried. The crystals 
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melted and decomposed at 250—260°; a behaviour similar to that of 
harbituric acid : 
0'1002 gave 19°3 c.c. N, (moist) at 11° and 742 mm. N = 22-46. 
Barbituric acid requires N =21°‘87; ureidomalonic acid requires 


N =19°19 per cent. 


It is evident, therefore, that ureidomalonamide is converted by 
sodium hydroxide into a salt of barbituric acid. 

Examination of Second Fraction of Original Product.—This sub- 
stance was less soluble than barbituric acid, but more soluble than the 
ureidomalonamide. It possessed a pale yellow colour, and readily 
evolved ammonia on treatment with a solution of sodium hydroxide. 
When dissolved in sodium hydroxide and mixed with sodium nitrite 
and sulphuric acid, no magenta colour was obtained, but a yellow, 
flocculent precipitate was produced when the sulphuric acid was added 
in excess ; if the sodium nitrite were omitted, a similar precipitate was 
obtained when sulphuric acid was added to the alkaline solution : 

0'1002 gave 0°1442 CO, and 0:0334 H,O. C=39°24; H=3-70. 

01035 ,, 19:2 cc. N, (moist) at 115° and 765 mm. N=22°23, 

This result would agree fairly well with a substance having the 
formula C,H,0,N,, which requires C=38'91, H=3:78, N =22°70 per 
cent. It being difficult to account for the formation of a compound 
having the above empirical formula, attempts were made to purify the 
substance by further treatment with boiling water. The results of 
analysis after this further treatment were slightly different from those 
given above, namely, C=39°33, H=4:14, N=21-77 ; these results 
would point to the substance being much more complex than was 
indicated by the first analysis, the simplest formula with which they 
are in agreement being C,,H,,0,,N,). 

An attempt was made to determine the molecular weight of the 
compound by the ebullioscopic method, using water as solvent. The 
value obtained for the molecular weight was, however, only 61, 
and even allowing for the possibility of dissociation, this result was 
far too low to agree with any of the possible formule. It was noticed 
that the solutions obtained were never perfectly clear, but always 
more or less opalescent, and it was therefore thought possible that the 
solution formed was of a colloidal nature. If such were the case 
it would account for the result obtained in the molecular-weight 
determination, and this view was supported by the fact that on 
the addition of ammonium sulphate to the solution an immediate 
precipitate was obtained, similar in character to those given by 
solutions of proteins. 

The substance formed by the addition of sulphuric acid to the 
alkaline solution of the original compound also appeared to be 
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of a complex nature, the results of its analysis agreeing with ap 
empirical formula of C,H,,0,N,. 

No suggestion as to the constitution of these substances can be 
given, as further experiments were rendered impossible by lack 
of material. It appears probable, however, that the substance con. 
posing the second fraction of the original product is a much more 
complex compound than those forming the other two fractions, 

UNIVERSITY COLLEGE, 
DUNDEE, 


CXU.—The Condensation of Anudes with Esters of 
Acetylenic Acids. 


By SrecrrieD RUHEMANN. 


Some years ago, it was shown (Ruhemann and Merriman, Trans., 
1905, 8'7, 1383) that phenylpropiolyl chloride reacts with sodioacetyl- 
acetone to form a yellow compound, C,,H,,0, (I), which has the re- 
markable property of changing under the influence of piperidine into 
a blue salt of a red isomeride (II); and that the latter on digestion 
with sodium carbonate is transformed into a colourless acid (III), 
isomeric with the other two substances. These compounds were 
represented thus : 
CHPh:C—CO C(OH):CO CPh:C-C0O,H 
Somes? Honma OA? Sates ac 
(L) (IL.) (IIL.) 

With the view of preparing analogous heterocyclic substances 
containing nitrogen, I have treated phenylpropiolyl chloride with 
sodiobenzamide; but this reaction, instead of taking place in the 
manner similar to the formation of the furan derivative (I) and 
yielding phenylbenzylideneoxazolone, 


CHPh: C— CO 
O: -cPh?™ 


furnishes diphenylpropiolylbenzamide, (C,H,*C?0*CO),N-CO'C,H, 
This result corresponds with the behaviour of benzoyl chloride towards 
sodiobenzamide, which, as Curtius (Ber., 1890, 23, 3040) showed, 
yields tribenzamide. 

The interaction of ethyl phenylpropiolate and sodiobenzamide leads 
near to the desired end. This method has been used before (see 


rs of 


['rans., 
acetyl- 
he re- 
e into 
restion 
(IIT), 


3 were 
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Curtius, Ber., 1890, 23, 3038; Titherley, Trans., 1902, 81, 1520) 
for the formation of diacylimides, and has since been applied by 
Ruhemann and Priestley (Trans., 1909, 95, 449) for the production 
of acyl derivatives of ethyl carbamate. The oxazolone compound, 
which, most probably, is first formed, cannot, however, be isolated, 
because, under the prevailing conditions, it suffers a transformation 
similar to the one which the furan derivative (1) undergoes to its 
red isomeride (II), and yields a deep red compound, C,,H,,O,N. This 
is to be represented thus : 


C(OH)-CO CO-—-CO 


Gph—cPh>%  GpnioPh> 


and, therefore, to be called diketodiphenylpyrroline. Along with the 
cyclic compound, a colourless substance, C,,H,,O,N., is produced, 
which undoubtedly owes its formation to the union of phenyl- 
propiolylbenzamide with benzamide. It has, therefore, the constitu- 
tion C,H,*C(NH-CO-C,H,):CH-CO-NH-CO:C,H,, which characterises 
it as the benzamide of B-benzoylaminocinnamic acid. 

The correctness of the view concerning the constitution of the 
compound, C,,H,,0,N, follows from the fact that, on boiling with 


potassium hydroxide, it decomposes quantitatively, thus : 
C,,H,,0,.N + 3H,0 =C,H,O, + NH, +C,H,-CH,-CO-C,H,, 


and furnishes deoxybenzoin, besides ammonia and oxalicacid. Diketo- 
diphenylpyrroline dissolves in dilute alkalis to yield blue solutions, 
which, however, rapidly turn yellow; on adding dilute hydrochloric 
acid, the red pyrroline derivative is precipitated unchanged. This 
behaviour resembles that of isatin in forming violet solutions 
with alkalis, which change to yellow and then contain the salts of 
isatoic acid, Like ‘isatin, diketodiphenylpyrroline forms a pheny]l- 
hydrazone which is insoluble in alkalis or acids. As may be expected, 
both compounds differ in their behaviour towards reducing agents. 
Whereas isatin, on treatment of its solution in glacial acetic acid 
with zine dust, yields isatide, C,,H,,0O,N,, diketodiphenylpyrroline, 
under the — conditions, is reduced to diketodiphenylpyrrolidine 


eee é 
CHPh: cup > NE. Diketodiphenylpyrroline (V) not only resembles 


NH, 


isatin (IV), but also the red cyclopentene derivative (VI), and this 
resemblance follows both from the similarity of their formation and 
from their property of yielding blue salts. This fact, in turn, supports 
the constitution of the latter substance. There can neither be any 
doubt as to the relation of these compounds with triethyloxalyl- 
aconitate (VIL), which Ruhemann and Hemmy (Trans., 1897, 71, 34) 
obtained from ethyl oxaloacetate, and to Claisen and Ewan’s oxaly!- 
3.8 2 
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dibenzyl ketone (VIII) (Annalen, 1895, 284, 245). 
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The connexion 


be!ween these substances finds its full expression in their formule : 


CH 
CH C-——CO 
cH CG CO 
a 
CH NH 
(IV.) 
CO, Et: C——-CO 
CO, EtG CO 


sr 
CH-CO,Et 
(VIL) 


PhC——C0_. 


OH:C 


AcC——-CO 
MeC CO 


id 
CHPh 
(VL) 
PhO——CO 
CO 


rl 
CHPh 
(VIII) 


As to the constitution of the violet or blue salts which these con. 
pounds form, Claisen and Ewan (loc. cit.) expressed the view that the 
blue disodio-derivative of oxalyldibenzyl ketone is probably to be 
formulated as (IX), whereas Ruhemann and Merriman (loc. cit.) 
represented the blue salt of the cyclopentene derivative (VI) by 
formula (X) : 

PhC——-CO 


ONa’‘C CO C-ONa 


ae 
CNaPh 
(IX.) 


The following considerations, however, lead to the conclusion that 


CPh 
(X.) 


the course of his classical 
that the ethyl ether of 


neither view is correct. Von Baeyer, in 
researches on the indigo oe showed 


C,H <a Hoe: NOEt, 
yields a blue salt similar to the one 


benzaldehyde, C,H,< onde CH:C,H,, forms. It follows, therefore, 


y-isatin-a-oxime, with sodium hydroxide 


which the indogenide of 


that the replacement of the oxygen of the a-ketonic group in 
y-isatin by a bivalent group does not interfere with the formation ofa 
blue salt. 

The result is different, however, if the oxygen of the B-ketonic 
group of y-isatin is substituted by such a group, as in the ethyl] ether 


of isatoxime, C,H “Saas >co. 


formed. This result indicates that the metal is not attached to the 
nitrogen of the imino-group, as von Baeyer suggests, but to the oxygel 
of the B-ketonic group. It follows, therefore, that isatin in its violet 


salts appears in its tautomeric form, C,H;,< 2 ater >c0, and this 


In this case, a blue salt is not 
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grouping will be found in the salts of those derivatives in which the 
oxygen of the a-ketonie group is replaced by bivalent radicles. In 
this form isatin appears as an orthoquinone derivative. Owing to the 
imilarity which exists between isatin and the above-mentioned com- 
pounds, the view is justified that their salts have an analogous 
constitution ; for instance, corresponding with (V) and (VI): 
PhO—C-0OH AcC—C¢-0H CH=CH 
PhC CO MeC CO CH CH, 
\/ \Z \/ 
N CPh N 
(Va.) (VIa.) (XI). 

It may be mentioned that in the case of pyrrole, previous investiga- 
tors have been obliged to consider the possibility of its existing in 
a tautomeric form, for pentachloropyrrole is undoubtedly derived 
from the tautomeride (XT), which, according to the above remarks, 
would exist, also, in the salts of diketodiphenylpyrroline.* 

The reaction of ethyl phenylpropiolate with sodiobenzamide seems 
to be typical of the behaviour of the sodium derivatives of aromatic 
amides with the esters of acetylenic acids. This would follow from the 
fact that sodio-o-toluamide yields diketophenyl-o-tolylpyrroline, 

C,,H,,0.N, 


which closely resembles its lower homologue. The sodium derivatives 


of fatty or fatty-aromatic amides, however, do not condense with ethyl 
phenylpropiolate to cyclic substances, instead diacylimides are formed, 
as phenyl propiolylphenylacetamide, 

C,H,:CiC-CO:-NH:CO:CH,:C,H,, 


from the acetylenic ester and sodiophenylacetamide. 


EXPERIMENTAL. 
Diphenylpropiolylbenzamide, (C,;H,*C?C*CO),N*CO-O,H,. 


As stated in the introduction, this compound is formed by the 
action of phenylpropiolyl chloride on sodiobenzamide. The latter 
substance was prepared according to Blacher’s method (Ber., 1895, 
28, 432) by evaporating the absolute alcoholic solution of the mixture 
of sodium ethoxide and benzamide in a vacuum, first from the water- 


* The relation which exists between the above-named substances may be extended 
to other classes of compounds which, like violuric acid, form coloured salts. Their 
structure : 


on-o<y OM Sc:none, 
indicates a certain resemblance to the constitution of the metallic derivatives of 
liketodiphenylpyrroline and its analogues ; for it also has an orthoquinone grouping 
and the same relative position of the metal in the molecules of the salts (see also 
Hantzsch and Isherwood, Ber., 1909, 42, 986). 
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bath and finally from the oil-bath, which is gradually heated to 200°, 
On adding phenylpropiolyl chloride (8°2 grams) to the dry sodio. 
benzamide (7°1 grams), suspended in benzene, heat is developed. The 
mixture, after being kept for a short time at the ordinary tempera. 
ture, is digested on the water-bath for about half an hour, the benzene 
is evaporated, and the dark-coloured residue washed with ether, when 
a faintly-coloured solid remains undissolved. This is soluble ina large 
amount of boiling alcohol, and, on cooling, separates in almost colourless 
needles melting at 242°: 


0°1955 gave 0°5692 CO, and 0:0745 H,O. C=79°40; H=4:23. 
02082 ,, Tec. N, at 19° and 743mm. N=3°78. 
C,,H,,0O,N requires C=79'57; H=3:98; N=3-71 per cent. 


Action of Sodiobenzamide on Ethyl Phenylpropiolate. 


On mixing finely-powdered sodiobenzamide (7°1 grams), suspended 
in dry benzene, with ethyl phenylpropiolate (8-7 grams), no visible 
change takes place at the ordinary temperature, but an action sets in, 
which is indicated by the development of a deep blue coloration, if 
the mixture is heated on the water-bath for a short time. After an 
hour’s digestion, the benzene is evaporated, and the residue treated 
with water, when the blue colour disappears. The whole is then 
agitated with ether, which extracts small quantities of unaltered 
benzamide and ethyl phenylpropiolate, and the aqueous layer is mixed 
with an excess of dilute hydrochloric acid. An oil separates which, on 
removal of the dissolved ether, sets to a solid. This is a mixture of 
the deep red diketodiphenylpyrroline and the colourless benzamide of 
B-benzoylaminocinnamic acid. These compounds differ but slightly in 
the degree of solubility in organic solvents; they dissolve, also, in 
dilute potassium hydroxide or sodium carbonate; their separation, 
therefore, presented great difficulties until it was found that, on 
saturating the alkaline solutions of the mixture with carbon dioxide, 
the colourless compound is precipitated, but not the coloured 
diketodiphenylpyrroline. 

The Benzamide of B-Benzoylaminocinnamic Acid, 

C,H,-C(NH:-CO-C,H,):CH:CO-NH:CO-C,H,, 

separates, on passing carbon dioxide through the solution of the pro- 
duct of the reaction in dilute potassium hydroxide, as a light red 
solid, which, when washed with a little dilute alcohol, becomes colour- 
less. It is insoluble in water, but readily dissolves in glacial acetic 
acid, ethyl acetate, ether, or hot alcohol, and, on cooling its solution 
in boiling dilute alcohol, crystallises in needles, which melt at 188° to 
a red liquid : 


10 200°, 
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0:1950 gave 0°5370 CO, and 0:0890 H,O, C=75:10; H=5-07, 
0:1840 ,, 12°4ec. N, at 18° and 748mm. N=7 
C,,H,,03N. requires C=75°13; H=4:86; N=7°5 
' ; .. Oo : : : 
Diketodiphenylpyrroline, CPh: Oph H, is contained in the pale 


per cent. 


yellow filtrate from the former compound. On adding dilute hydro- 
chloric acid, a faintly-coloured emulsion is first produced, which is 
shortly transformed into a red solid. This is scarcely soluble in 
boiling water, but just sufficiently to yield a red solution ; it is 
readily soluble in ether, acetone, or alcohol, and, on cooling its con- 
centrated solution in hot alcohol, separates in beautiful, deep red 
needles, which melt and decompose at 184°: 


02452 ,, 12cc. N, at 20°and 764mm. N=5°62. 
C,,H,,0,N requires C=77-11; H=4'42 ; N =5-62 per cent. 
Diketodiphenylp rroline dissolves in dilute potassium hydroxide to 

yield a deep blue solution, which rapidly turns yellow; this, no 

doubt, contains the salt of aminostilbeneoxalic acid, 
NH,°CPh:CPh:CO:CO,H, 

for, on adding dilute hydrochloric acid, a faintly-coloured emulsion is 

first produced, which, however, readily loses water and condenses to 

diketodiphenylpyrroline. This reaction, therefore, resembles the 
behaviour of alkalis towards isatin. 

On boiling diketodiphenylpyrroline - with an excess of dilute 
potassium hydroxide, it is decomposed and yields ammonia, oxalic 
acid, and deoxybenzoin. The heating is continued until the evolution 
of ammonia ceases ; the deoxybenzoin which separates is collected and 
recrystallised from dilute alcohol, when it is obtained in colourless 
needles, which are volatile with steam and melt at 60°: 

01657 gave 05200 CO, and 0:0925 H,O. C=85°59; H=6:20 

C,,H,,0 requires C= 85-71 ; H=6°12 per cent. 

The yield of deoxybenzoin amounts to 90 per cent. of the theoretical. 
The alkaline filtrate from this product of the decomposition of diketo- 
diphenylpyrroline contains oxalic acid, which was isolated in the form 


of its calcium salt, 


The Phenylhydrazone of Diketodiphenylpyrroline, 
NHPh:N:C——CO. 
épn:oph7 


Like isatin, diketodiphenylpyrroline readily forms a phenyl- 
hydrazone if its alcoholic solution is boiled with phenylhydrazine on 
the water-bath, It separates from the hot solution as a red, crystal- 
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line solid, which is soluble in hot benzene ; it is almost insoluble jn 
cold alcohol, but it dissolves in a large volume of boiling alcohol, 
and, on cooling, crystallises in vermilion needles, which melt and 
decompose at 231°: 
0°1827 gave 19°8 c.c. N, at 19°'and 759 mm. N=12°43. 
C,.H,,ON, requires N = 12°36 per cent. 


Reduction of Diketodiphenylpyrroline. 


On adding zine dust to the hot solution of diketodiphenylpyrroline 
in glacial acetic acid, the red colour is quickly discharged, and the 
colourless filtrate yields a white precipitate on the addition of water, 
This is fairly soluble in hot dilute alcohol, and, on cooling, crystallises 
in faintly-yellow needles, which turn brown at about 165°, and at 
233—234° melt to a dark liquid : 

0:1907 gave 05338 CO, and 0:0905 H,O. C=76:34; H=5:-27. 

0:2072 ,, 10°-4cc. N, at 19° and 744mm. N=5-64, 

C,,H,,0,N requires C= 76°49; H=5:18; N=5-58 per cent. 
The compound, which most probably is to be regarded as diketo- 
diphenylpyrrolidine, 
eae 
CHPh:CH 
yields a deep bluish-green coloration on the addition of ferric 
chloride to its alcoholic solution. 


CO. 
pho’ H, 


Diketophenyl-o-tolylpyrroline, a c(C,H fey 8H. 
“U(U.H, 


Sodio-o-toluamide behaves similarly to sodiobenzamide in its action 
on ethyl phenylpropiolate. The reaction in this case was carried out 
as follows. o-Toluamide (65 grams) is dissolved in absolute ether 
(of which a large quantity is required, as the amide is but sparingly 
soluble in this solvent), and the solution digested with sodium wire 
(1:1 gram) on the water-bath. In the course of a day the metal 
disappears ; ethyl phenylpropiolate (8:4 grams) is then added, and the 
digestion continued. The mixture shortly turns blue ; after about an 
hour the ether is evaporated, and, in order to complete the reaction, 
the residue is mixed with dry benzene and digested for a short time. 

The benzene is finally distilled from the water-bath and water 
added to the product, when the blue colour disappears. After 
removal of the unaltered toluamide and ethyl phenylpropiolate by 
extraction with ether, an excess of dilute hydrochloric acid is added to 
the aqueous layer, which precipitates » dark red substance. This 
is dissolved in cold dilute potassium hydroxide, and the solution 
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saturated with carbon dioxide. As in the case of the same treatment 
of the product which is formed from sodiobenzamide and ethyl phenyl- 
propiolate, a yellowish-red solid is precipitated. I have not examined 
it, but there cannot be any doubt that it has the formula, 


0 ) 
(,H,*C(NH+CO-C,H,-CH,):CH-CO-NH-CO-C,H,-CH,, 

The pale yellow filtrate from this substance, on the addition of 
dilute hydrochloric acid, yields a red compound, diketophenyl-o-tolyl- 
pyrroline, which is readily soluble in ether or alcohol and erystallises 
from its concentrated alcoholic solution in beautiful deep red prisms 
melting at 165—166°: 

01919 gave 05445 CO, and 0:0860 H,O. C=77:°38; H=4:95. 

02140 ,, 10:2ec. N, at 19° and 757mm. N=5:45. 

C,,H,,0,N requires C=77°57; H=4:94 ; N =5:32 per cent. 

This substance closely resembles diketodiphenylpyrroline ; it dis- 
solves in dilute potassium hydroxide, yielding a blue solution which 
rapidly turns yellow. With phenylhydrazine it forms the pheny/- 
hydrazone, C,,H,,0N:N*-NH-C,H;, which separates in red crystals if 
the alcoholic solution of the pyrroline is digested with phenylhydrazine 
on the water-bath for one to two hours and then cooled. It is 
sparingly soluble in cold, moderately so in boiling, alcohol, and, 
on cooling, erystallises in scarlet prisms, which melt at 201—202°: 

0:2068 gave 21°6 c.c. N, at 19° and 753 mm. N=11°89. 
C,,H,,ON, requires N= 11°90 per cent. 


Action of Ethyl Phenylpropiolate on the Sodium Derivatives of Fatty 
and Fatty-wromatic Amides. 


I have mentioned before (p. 987) that this reaction differs from that 
which occurs in the condensation of the acetylenic ester with the 
sodium compounds of aromatic amides, inasmuch as condensation 
to pyrroline derivatives does not take place, but diacylimides are 
produced. 


Phenylpropiolylphenylacetamide, C,H,*C:C*CO:NH:-CO:CH,:C,H,. 


Sodiophenylacetamide was prepared by Blacher’s method (/oc. cit.), 
by evaporating the alcoholic solution of the mixture of phenylacet- 
amide and sodium ethoxide in a vacuum, first on a water-bath and 
then up to 200° on an oil-bath. To the powdered sodium compound 
(8 grams), suspended in dry benzene, ethyl phenylpropiolate (8°7 
grams) is added, and the mixture boiled on the water-bath for an hour. 
The benzene is evaporated, and the brown, viscous residue treated with 
water and ether, when the whole dissolves. After removal of the 
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ethereal layer, dilute hydrochloric acid is added to the dark aqueons 
solution, when a yellow oil is precipitated which partly sets to 
a solid. This is washed with cold alcohol and dissolved in boiling 
alcohol ; from the concentrated solution, on cooling, yellow prisms 
separate, which melt at 209—210°: 

0°1848 gave 0°5255 CO, and 0:0847 H,O. C=77:55; H=5-09, 

0:2245 ,, 10°8cc. N, at 20° and 758mm. N=5-48. 

C,,H,,0,N requires C=77:57; H=4:94 ; N=5-°32 per cent, 

I have ascertained, also, that sodioacetamide, when suspended in 
dry ether or benzene and digested with ethyl phenylpropiolate, does 
not yield a coloured compound which has properties similar to diketo- 
dipheny]pyrroline, but forms an almost colourless substance which is 
sparingly soluble in alcohol. This I have not further examined, but 
there cannot be any doubt that it is phenylpropiolylacetamide. 

I am engaged in the continuation of the study of the pyrroline 
derivatives described above, and also in the investigation of the action 
of amides on esters of other acetylenic acids. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. 


CXIII.—Diethoxythioxan; a Relation between the Re- 
fractive Power and Chemical Activity of some 


Sulphur Compounds. 


By Hans THacHeR CLARKE and SAMUEL SMILEs. 


Tue experiments described in this paper were originally undertaken 
with the intention of examining thiazine, the parent substance 
of the dibenzothiazine derivatives which have been recently studied 
by one of the present authors and T. P. Hilditeh (Trans., 1908, 
93, 145, 1687). So far as this object is concerned, the results have 
not yet been successful; in fact, our progress along the lines of 
investigation which we originally planned has been barred by 
the unexpected stability of one of the intermediate products. The 
latter substance, which is a saturated cyclic sulphide, seemed of 
interest on account of the comparatively inert state of the 
bivalent sulphur atom contained in it, and we therefore examined 
more closely the chemical activity of the compound. The results 
of this investigation are described in the following pages, and 
finally we offer what appears to us to be the only rational 
explanation of the anomaly. 
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By the interaction of sodium sulphide and chloroacetal, the 
acetal sulphide (I) is formed in the usual manner, and it was 
hoped that by the action of ammonia on this, under suitable 
conditions, the imino-group might be introduced, forming the 
thiomorpholine derivative (II). Acetal sulphide, however, seems 
very stable towards alkaline reagents, and experiments in this 
direction have not led to the desired result. 

On the other hand, acetal sulphide is immediately attacked by 
cold mineral acids, as indeed might be expected from the presence 
of the acetal grouping. But in these reactions the aldehyde which 
we hoped easily to convert to the required nitrogen derivative is 
not formed, the product being the cyclic compound * (IV), which 
no doubt is produced by elimination of water from the alcoholate 


(III). 


S Ss 
Pins ra ne 
CH, CH, CH, CH, CH, CH, 


(OKt), OH CH(OEt), EtO: CH CH: OEt EtO- CH CH: OEt 
\4 ne A 
NH HO OH 


(I.) (III.) 


Et0-CH CH-OEt 
tae 
0 
(IV.) 


So far as we are aware, the only other derivatives of thioxan 
which have been met with are the so-called diethylene oxide 
sulphone, which Baumann and Walter (Ber., 1893, 26, 1138) 
obtained by the action of barium hydroxide on diethylene disulphone 
and the anhydride of thiodiglycollic acid (Anschiitz and Biernaux, 
Annalen, 1893, 278, 68); but these substances were not very fully 
investigated. The diethoxythioxan which we have obtained in the 
previously described manner is worth especial notice on account 
of its well-defined physical properties, its general stability, and 
the depressed reactivity of the sulphur in comparison with that 
of the corresponding open-chain compound. We have paid 
especial attention to the last-named property. 

The open-chain compound, acetal sulphide, shows all the usual 
properties of a substance in which bivalent sulphur is united to 


* Structures such as that of the monoaldehyde and others cannot be entertained, 
since the substance is devoid of the usual reducing properties of aldehydes and 
a-kctols, and does not yield a hydrazone or acy] derivatives. 
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saturated hydrocarbon groups; for example, it furnishes additive 
products with mercuric chloride and iodide, it is oxidised by 
hydrogen dioxide at the atmospheric temperature to a sulphoxide, 
and, under certain conditions, it combines readily with alkyl 
iodides. On the other hand, diethoxythioxan neither combines 
with mercuric halides nor reacts with hydrogen dioxide under the 
conditions chosen for comparison, and even in the presence of 
mercuric iodide the addition of alkyl iodide proceeds extremely 
slowly. 

These comparative data are summarised in the following table, 
and, in order to show the normal character of acetal sulphide, the 
reactions of another sulphide of high molecular weight are inserted, 
Dibenzyl sulphide is chosen for this latter comparison: 


Result with 


Reagent. Dibenzyl sulphide. Acetal sulphide. Diethoxythioxan, 

HgCl, or HgI, and Immediate forma- Immediate formation No reacticn de. 
acetone or alcohol- tion of of tected. 
ic solution. (CH,Ph).S*HgX, [(EtO),CH*CH,],S*HgX. 

(Trans., 1900, 
77, 165). 

H,0, (excess) in acet- Almost quantita- Sulphoxide formed, Almost all the 
one solution for tive formation of apparently quanti- original com- 
three days at or- (CH,Ph),SO tative. pound was iso- 
dinary tempera - (Gazdar& Smiles, lated unaltered. 
ture. Trans., 1908, 93, 

1833). 

Excess of ethyl iodide Formation of Good yield of sul- After eight hours, 
and one molecular (CH,Ph),SEtI, HglI, phonium salt ob- no sulphonium 
proportion of HgI, complete in five tained in five salt could be de- 
at the atmospheric hours (Hilditch hours. tected, andafter 
temperature, & Smiles, Trans., 24 hours, onlya 

1907, 91, 1393). small amount. 


The results of the last-named reaction are the most interesting. 
It has been shown elsewhere (Smiles, Trans., 1900, 77, 163; 
Hilditch and Smiles, Trans., 1907, 91, 1393) that the addition of 
mercuric halide to a mixture of alkyl halide and _ sulphide 
enormously accelerates the formation of the sulphonium salt; in 
fact, it has been shown that the union of ethyl iodide and dimethyl 
sulphide, which in ordinary circumstances is scarcely complete in 
three days, may be effected in about fifteen minutes if mercuric 
iodide be present. At one time or another, one of the present 
authors has examined about fifteen of these reactions with saturated 
sulphides, and the thioxan derivative now described stands out 
as by far the most sluggish of all of them. 

In attempting to find some explanation of the comparative 
inactivity of the sulphur in this substance, it is natural to turn 
first to the hypothesis of steric hindrance, since this has usually 
been employed to account for the depressed activity of a group. 
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But it is evident that the usual theories do not apply in this case, 
for the only substituents in the thioxan system are not adjacent 
to the sulphur atom. Moreover, to assume that the thioxan ring 
is so distorted as to prevent the addition of groups to the sulphur 
atom appears to us to be quite unjustifiable, although it must be 
admitted that little is yet known of the steric conditions of 
heterocyclic systems. For these reasons, we consider that steric 
hindrance cannot be applied to explain the anomalous behaviour 
of this substance. But a satisfactory explanation is furnished by 
considerations similar to those employed by Thiele (Annalen, 1899, 
306, 87; 308, 333) in accounting for the inert state of the 
central carbon atoms of a conjugated system of two ethenoid 
linkings. It is well known that here the partial valencies or 
residual affinities of these carbon atoms are supposed to satisfy 
each other, so that additive reagents are not taken up at this 
point, but at the first and fourth carbon atoms of the chain. 

That the bivalent sulphur in saturated hydrocarbon sulphides 
is endowed with residual affinity has been evident since the earliest 
researches on these compounds, when their additive reactions were 
discovered, and since the work of Collie and Tickle on dimethyl- 
pyrone (Trans., 1899, 75, 710) and of Friedel on dimethyl ether 
(Bull. Soc. chim., 1875, [ii], 24, 160, 241), the same has been 
admitted for bivalent oxygen. 

Making this assumption of the unsaturated nature of the sulphur 
and oxygen—and it scarcely can be disputed—we advance as an 
explanation of the inactivity of the sulphur the hypothesis that 
the residual affinities of these elements partially saturate one 
another, and since the usual formule are insufficient to represent 
this state, we suggest that this thioxan derivative should be 


represented as follows (V): 


S 
JN 
| OH, CH—CH 
muO-CH = CH-OKt CH CH 


(V.) 

If the justice of hypotheses such as that put forward by Thiele 
be admitted, the only objection which can be raised against the 
present scheme is that the elements the residual affinities of which 
are combined are in the 1: 4-positions of a six-membered ring 
instead of being adjacent. But this difficulty is readily overcome 
when it is remembered that much evidence has already been 
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collected to show that unsaturated atoms in this 1: 4-position of g 
six-membered ring system are peculiarly liable to influence one 
another, and in some cases combination by means of the usual 
valencies has been observed. In fact, in the light of this evidence, 
it appears probable that some connexion between unsaturated 
atoms in this position should exist. In the case of homocyclic 
compounds, it is sufficient to recall the researches of Collie (Trans, 
1897, 71, 1013) and of Baly, Edwards, and Stewart (Trans., 1906, 
89, 514) on the mobility of the benzene system. The latter-named 
investigators showed (loc. cit., p. 525) that at a certain phase in 
the pulsation of the system the residual affinities of the 1: 4-atoms 
will temporarily saturate each other, and this afforded an 
explanation of the previously observed tautomerism of phenol 
(Baly and Ewbank, Trans., 1905, 85, 1348); also there is spectro- 
scopic evidence to show (Stewart, Stereochenustry, 1907, p. 486) 
that the carbonyl groups in cyclohexan-1:4-dione influence each 
other in such a way as to cause abnormal reactivity. With regard 
to heterocyclic systems, it may be observed that Dewar (Zeitsch. 
Chem., 1871, 7, 117) and Riedel (Ber., 1883, 16, 1609) entertained 
the idea that the nitrogen and y-carbon atoms of the pyridine 
nucleus are united ; further, that the usually accepted formula for 
acridine shows the union between the nitrogen and meso-carbon 
atom, and that the alternative formula for pyrazine and its 
derivatives shows a similar union between the nitrogen atoms. 
Finally, it may be mentioned that the recent work of Collie on 
dimethylpyrone has shown that a close relation exists between the 
carbonyl group and the cyclic oxygen. 

The thioxan derivative which we have examined is not the only 
bivalent sulphur compound of abnormal properties. The case of 
thiophen is of particular interest in the present discussion, since, 
like thioxan, it contains other unsaturated atoms besides sulphur. 
The attempts made by Victor Meyer and his pupils (Die 
Thiophengruppe, Braunschweig, 1888) to combine this substance 
with alkyl iodides were unsuccessful, and oxidation experiments 
to obtain the sulphone met with similar results. In fact, the 
sulphur in thiophen closely resembles in chemical character that 
of diethoxythioxan, and similar considerations give a satisfactory 
explanation of its inactivity. So far as the state of the sulphur 
is concerned, the thiophen molecule is well represented by some 
formula, such as that written above (VI), which shows the residual 
affinity of that element to be partly saturated by that of the 
adjacent carbon atoms. Other examples of compounds containing 
sulphur of subnormal activity are the aromatic sulphides, and 


these also contain unsaturated groups adjacent to the sulphur. 
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We have also examined the refractive power of diethoxythioxan 
and the other sulphur compounds previously mentioned, and the 
evidence thus obtained supports the conclusions made from the 
chemical behaviour of the substance. Briihl has concluded (Ber., 
1907, 40, 878, 1153), from a general survey of the refractivities 
of unsaturated compounds, that the refractive power of these 
substances is abnormal if the unsaturated groups are adjacent, or, 
using the term introduced by Thiele, if these groups are conjugated. 
Briihl seems to have applied the term conjugated to any system 
of unsaturated atoms or groups the residual affinities of which exert 
a mutual influence; and in this sense, which we consider desirable, 
the application of the term is wider than that originally made by 
Thiele. It may be mentioned that Briihl has drawn attention 
(loc. cit., p. 1154) to a few exceptions to his rule, nevertheless 
optical anomaly has been generally accepted by chemists as an 
excellent supplement to chemical evidence in detecting the presence 
of “ conjugated ” atomic groupings. 

The relations discovered by Brihl with carbon, nitrogen, and 
oxygen compounds hold also with sulphur compounds in which 
unsaturated atoms are adjacent to this element. Indeed, Briihl 
has already drawn attention to the behaviour of thiophen, which 
shows a remarkable depression in molecular refractive power: 


Thiophen. Ma (obs. ). Ma (calc.). A. 
24°14 25°40 1°26 


Also diphenyl sulphide, which reacts sluggishly with alkyl iodides 
(Schiller, ‘Ber., 1874, 7, 1274) and mercuric halides, shows optical 
anomaly. The refractive index of this substance was determined 
by Gladstone (Journ. Chem. Soc., 1870, 28, 147): 

Ma (obs.). Ma (calc. }. 
Diphenyl sulphide, CgH;*S°C,Hs... 2xC,H, = 51°86 
Less 2H = 2°20 


49°66 
Sasin Et,S = 8°00 


58°97 57°66 + 1°31 
Another aromatic sulphide may be added as a further example: 
Ma (obs. ). 


Dihydroxydipheny] sulphide, 2xC,H,°OH = 
8(CgH,"OH), Less 2H 


Sasin Et,S = 
61°30 + 3°86 
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The refractivity of diallyl sulphide has been measured by Nasjnj 
and Scala (Gazzetta, 1887, 17, 76): 


M, (obs.). M, (cale.). a, 
Diallyl sulphide, (C;H;)QS... Sum of atomic * 
36°73 refractivities = 36°79 -— 0:06 

The data show this compound to be normal, and since there js 

no direct chemical proof whether it has the structure: 

(CH,:-CH:CH,),8 or (CH,*CH:CH),S, 

the former alternative may be adopted as conforming to the 
optical evidence. As bearing on this question, it may be mentioned 
that Eykman has deduced from refractivity data (Chem. 
Weekblad, 1906, 3, 711) that allyl cyanide has the structure: 
CH,:CH°CH,°CN. In correspondence with the normal refractive 
power of allyl sulphide, the reactivity of the sulphur is normal, 
for Semmler (Annalen, 1887, 241, 118) has obtained a mercuric 
chloride additive product, and diallylsulphonium salts have been 
prepared (Cahours, Zeitsch. Chem., 1865, 438; and Bayer and Co., 
1898, D.R.-P. 97207). 

Turning now to the thioxan derivative and the substances of 
normal reactivity with which it is compared in the table, it is 
found that the latter compounds are optically normal, whilst 
diethoxythioxan is slightly abnormal : 


M, (obs.). M, (cale.). 
Dibenzy! sulphide, (C;H,;*CH,).S 2xCsH,Me = 61°58 
Less 2H = 2°20 


Sasin Et,S = 
67°42 67°38 + 0°04 


The contrast between this normal sulphide and phenyl! sulphide 
is worth special mention. In the latter substance, the bivalent 
sulphur atom is directly united with the unsaturated carbon atoms 
of the benzene nuclei, the reactivity and refractive power are 
consequently abnormal; but in the normal benzyl sulphide the 
sulphur is isolated from each’ benzene nucleus by an intervening 
saturated group. 

In calculating the refractivity of acetal sulphide, the value 


* In all these calculations, the atomic refractivity of sulphur employed is that 
deduced from Nasini’s measurement (Ber., 1882, 15, 2878) of the refractive power 
of diethyl sulphide. The reactivity of this substance is normal. The values quoted 
for dibenzy] sulphide and dihydroxydiphenyl sulphide are those observed by Nasini 
and are taken from his article on the subject in Nuova Enciclopedia di Chimica, 
I, 792 (1906). 
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found by Briihl (Zeitsch. physikal. Chem., 1891, '7, 160) for acetal 
has been employed. 
M, (obs.). M, (calc.). A. 
Acetal sulphide, Cj.H»,0,8 2xacetal = 65°76 
Less 2H = 2°20 
63°56 
Sasin Et.S = 8:00 


71°61 71°56 + 0°05 


Here again the refractive power and chemical activity are 


normal. 
M, (obs.). M, (calc. ). A. 
Diethoxythioxan, In methylal, 49°94 Acetal sulphide, 71°61 
In CCl,, 49°85 Less C,H,O< 22°15 
In CCl, 49°79 


Average = 49°86 49°46 + 0°40 


CsH 5038. 


In calculating the values for acetal sulphide and diethoxy- 
thioxan, we have avoided the usual method of adding together 
the atomic effects, since in complex substances which contain so 
many atoms in the molecule the slight errors involved in the 
atomic refractivities are multiplied many times. We have instead 
used the method which Eykman (Rec. trav. chim., 1893, 12, 157, 
268) emphatically recommends on other grounds; thus the refrac- 


tive power of a substance closely allied to the compound in 
question is taken as a basis and then modified in the required 
manner. It is also necessary to point out that in calculating the 
value for diethoxythioxan from that of acetal sulphide we have 
assumed that ring formation has no effect; this is in harmony 
with the assumption generally made in refractometric work, and 
it is further justified by the work of Briihl on epichlorohydrin 
(Ber., 1891, 24, 657) and paracetaldehyde (Annalen, 1880, 203, 43), 
in which the formation of oxygen rings was shown to have no 
effect on refractivity. The formation of cyclic systems has been 
studied also by Eykman (Ber., 1892, 25, 3069) in the piperidine 
series, and by Willstitter (Ber., 1907, 40, 3982) and Wallach 
(Annalen, 1907, 358, 331) in the cycloparaffins, and these observers 
agree that cyclic formation is without effect on the refractive 
power. 

It must be admitted that with the thioxan derivative the dif- 
ference between the calculated and observed values is small—about 
0'4 unit—in comparison with that observed with the other sulphur 
compounds. But the value which we quote is the mean of three 
observations, each with different samples of the substance and in 
different solvents; moreover, the anomaly is of the same order as 
that observed by Briihl in pyrrole (—0°37), acrolein (+ 0°34), ethyl 
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crotonate (+0°44), and other carbon compounds. We therefore 
consider that diethoxythioxan shows a small but quite perceptible 
exaltation. 

The general conclusions to be drawn from the refractivities of 
these bivalent-sulphur compounds is that a normal or abnormal 
state of the reactivity of the sulphur is accompanied by a 
corresponding state of the refractive power of the substance; but 
at present it is impossible to say whether any quantitative relation 
holds between the chemical and the physical anomaly. 

Leaving the thioxan derivative for a moment out of the question, 
it is further evident that all the substances dealt with conform to 
the law laid down by Briihl, since the abnormal compounds 
contain the bivalent sulphur adjacent to other unsaturated 
atoms and the normal ones do not. Moreover, the depressed 
reactivity of the optically anomalous compounds may be explained 
by the assumption that the residual affinity of the bivalent sulphur 
which endows this element with additive properties is at least 
partly saturated by that of the adjacent unsaturated atoms. 

In the light of this evidence, taken from various types of 
bivalent-sulphur compounds, the step to the thioxan derivative 
is clearly indicated. Thus it seems that the unsaturated sulphur 
of this compound must be “ conjugated ” with another unsaturated 
group, which, from reasons previously mentioned, is probably the 
cyclic oxygen in the 1: 4-position with respect to the sulphur 
atom. 


EXPERIMENTAL. 


Acetal Sulphide.—An alcoholic solution containing 50 grams of 
chloro-acetal with about one and a-half times the calculated 
quantity of sodium sulphide was heated on the water-bath for 
twenty-four hours. The alcohol was then removed by distillation, 
and the residue faintly acidified with dilute sulphuric acid. The 
free hydrogen sulphide remaining in solution was expelled by 
blowing a rapid current of air through the mixture at the 
atmospheric temperature. Finally the oily layer, which consisted 
of the required sulphide and unchanged chloroacetal, was separated 
by repeated extraction with ether. The united extracts were dried 
and distilled, first on the water-bath, and finally under diminished 
pressure. The yield was about 30 grams of acetal sulphide, a 
colourless oil boiling at 147—148°/12 mm.: 


0°1028 gave 0°2021 CO, and 0°0874 H,O. C=53°6; H=9-44. 
C,.H.,0,8 requires C=54°1; H=9°77 per cent. 
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The refractive index and density of a pure sample were 
determined : 
doy = 0°9863 ; Ay7-50 = 0°9918. 
Np e359) = 144734 5 Marys = 144659. 
whence, according to the Lorenz-Lorentz formula, the molecular 


refractive power is: 
M,=71°95 and M*=71°61. 


Additive products with mercuric halides——An aqueous-alcoholic 
solution of acetal sulphide, when mixed with mercuric chloride 
solution, at once yields a precipitate of the double salt. A sample 
of this substance was recrystallised from alcohol, and was thus 
obtained in well-defined needles, which melted at 70°: 

01888 gave 0°1848 CO, and 0°0792 H,O. C=26'71; H=4°66. 

C1.H2,0,8,HgCl, requires C=26°81; H=4°84 per cent. 

Acetal sulphide mercurichloride is insoluble in water, and easily 
soluble in alcohol or acetone. 

Mercuric iodide, when shaken with an acetone solution of acetal 
sulphide at the atmospheric temperature, gives a copious, crystalline 
precipitate of the double salt. It melts at 68°, and is sparingly 
soluble in ether or in cold alcohol; when set aside the substance 
decomposes into the constituents. 


Action of Ethyl Iodide on Acetal Sulphide in Presence of 
Mercurie Iodide. 


Equimolecular proportions of acetal sulphide and mercuric 
iodide were shaken at the atmospheric temperature with an excess 
of ethyl iodide (10 c.c. for every gram of acetal sulphide). In 
about half an hour the mercuric iodide had completely dissolved, 
indicating the commencement of formation of the sulphonium salt. 
After five hours had elapsed, the excess of alkyl iodide was removed 
by a rapid current of air, and the oily residue was set aside to 
crystallise. The semi-solid mass was repeatedly extracted with 
ether, which removed an unstable mercuric iodide double salt, and 
the residue of sulphur yellow leaflets, after further purification, 
was analysed : 

0°1624 gave 0°1161 CO, and 0°0593 H,O. C=19'48; H=3°92. 

C,,H;,0,1,SHg requires C=19°18; H=3°'54 per cent. 

Diacetalethylsulphonium mercuri-iodide melts at 43°, and is 
soluble in alcohol or acetone and sparingly so in ether. Aout 
one and a-half grams of purified material were obtained from one 
gram of acetal sulphide. 
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Acetal sulphide and excess of hydrogen dioxide were mixed jp 
acetone solution, and kept for twenty-four hours. The oily product 
which remained after evaporating the solvent could not be purified, 
since it decomposed on being heated and could not be solidified, 
Attempts to convert it to solid derivatives with mercuric halides 
or by means of dry hydrogen chloride to obtain a thioxan 
derivative were also unsuccessful. Apparently the conversion of 
the acetal sulphide is almost complete, since no diethoxythioxan 
could be isolated by treatment with hydrochloric acid. The 
substance, which is almost certainly the sulphoxide, is distinguished 
from the acetal sulphide by much greater solubility in water. 


Diethoxythioxan. 


Dry hydrogen chloride was rapidly passed for a few minutes 
through a solution of acetal sulphide in absolute alcohol or dry 
ether. On evaporating the solvent as quickly as possible under 
diminished pressure, diethoxythioxan remained as a mass of 
colourless crystals. The reaction appears to be almost quantitative, 
since 2°46 grams of acetal sulphide gave 1°75 grams of thioxan 
derivative, whilst theory requires 1°77 grams. 

The substance may be purified by crystallisation from alcohol or 
by sublimation, which frequently yields crystals more than one inch 
in length. In either case the product melts at 101°; it is soluble 
in hot water and in most organic media: 

0°1142 gave 0°2062 CO, and 0°0902 H,O. C=49°2; H=87. 

C,H,,0,8 requires C=50°0; H=8°3 per cent. 
The molecular weight was determined by the cryoscopic method: 
0°2691 in 16°48 benzene gave A’= —0°423°. M.W.=189. 
C;H,,0.8 requires M.W.=192. 
The refractivity of the substance in carbon tetrachloride and 


methylal was determined with purified samples from three different 
preparations : 
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I. In Carbon Tetrachloride. 
Solvent: d,,.= 16014 ; 1,.=1:4587 ; wt. =8°5873. 
Solution: d,,.= 15704 ; »,=1°4597 ; wt. =8°9590. 

M, = 49°85. 

II. Zn Carbon Tetrachloride. 
Solvent: d,.=1°6014 ; n,=1:°45757 ; wt.=7:9754. 
Solution: d,,.=1°5484; n,=1°45921 ; wt. =8-5904. 

M,=49°79. 
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Ul. In Methylal. 
Solvent: d,y=0°86315 ; n,=1'35192 ; wt. =3-8958. 
Solution: dy =0°87439 ; n,=1°35792 ; wt.=4:1424. 
M, = 49-94. 

Dicthoxythioxan may be crystallised from a boiling 10 per cent. 
aqueous solution of sodium hydroxide; it does not reduce warm 
Fehling’s solution, cold neutral or acid permanganate solutions, or 
ammoniacal silver solution. Also the substance is not attacked by 
concentrated alcoholic or aqueous ammonia at 150°; it is very 
soluble in concentrated aqueous hydrochloric acid, being decom- 
posed thereby, and on evaporating the solution under diminished 
pressure, an amorphous substance is deposited. Concentrated 
sulphuric acid freely dissolves the substance, giving a red solution. 
Additive products with mercuric chloride or iodide could not be 
obtained by mixing these substances with an acetone or alcoholic 
solution of diethoxythioxan ; it may be recalled that such additive 
products are readily obtained from acetal sulphide under similar 
conditions. 

Diethoxythioxan seems unattacked by hydrogen dioxide under 
the same conditions as those described with acetal sulphide, since 
almost the entire amount of the original material could be isolated 
after treatment. 

Action of Ethyl Iodide in Presence of Mercurie Iodide.—A 
solution in ethyl iodide of diethoxythioxan (1 gram for every 
10 cc. of ethyl iodide) and mercuric iodide in equimolecular pro- 
portions was set aside at the atmospheric temperature. After 
eight hours, a portion of the mixture was examined, but no 
sulphonium salt could be isolated. In fifteen hours, there were 
signs that reaction had commenced, since a small quantity of the 
mercuric halide had passed into solution; but the mixture was 
not more closely examined until a further nine hours had elapsed. 
The liquid was then filtered from the undissolved mercuric iodide, 
and the ethyl iodide was removed from the filtrate by a rapid 
current of air. The yellow oil which remained was unstable, and, 
if allowed to remain exposed to the atmosphere, readily deposited 
mercuric iodide; but before profound decomposition had taken 
place, the mixture was repeatedly extracted with dry ether, and 
thus a stable and almost colourless solid was obtained in the 
proportion of half a gram to every gram of diethoxythioxan taken. 
After purification, it melted at 95—-97°: 

01028 gave 0°0562 CO, and 0°0230 H,O. C=14'9; H=2°48. 

C,,H.,0,1,8Hg requires C=14:96; H=2°49 per cent. 
The additive compound is readily soluble in acetone, but almost: 


insoluble in water of ether. 
3 U 2 
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It may be mentioned that no signs of reaction between ethy| 
iodide and the thioxan derivative alone could be detected afte 
the mixture had remained for four days at the atmospheric 
temperature. 


In conclusion, we wish to thank Dr. Stewart for criticism of the 
theoretical part of this paper. We also wish to express our thanks 
to the Research Fund Committee of the Chemical Society for a 
grant which has defrayed the expenses of this investigation. 
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CXIV.-—The Influence of Hydroxy- and Alkyloxy-groups 
on the Velocity of Saponification. Part L. 


By ALEXANDER FinpLAy and Evetyn Marion Hickmans, M.Sc. 


In Part I cf this investigation (Findlay and Turner, Trans., 1905, 87, 
747) attention was drawn to the considerable increase in the value of 
the saponification constant by the substitution of hydrogen by a phenyl 
or alkyloxy-group, and to a still greater extent by the hydroxy! group; 
the esters then investigated being ethyl phenylacetate, methy], ethyl, 
and propyl mandelates, and ethyl methoxy-, ethoxy-, and propoxy- 
acetates. In order to obtain a wider knowledge of the influence, more 
especially of the hydroxyl group, on the velocity of saponification, the 
previous investigation has been extended so as to include the ethyl 
esters of a-hydroxy-8-phenylpropionic acid, B-hydroxy-B-phenylpro- 
pionie acid, y-hydroxy-y-phenylbutyric acid, glycollic acid, and lactic 
acid. We have also determined the velocities of saponification of 
ethyl propionate, ethyl phenylpropionate, and methyl phenylacetate. 

Since the velocity of saponification of several of these esters is very 
high, the measurements were carried out by the conductivity method 
(Walker, Proc. Roy. Soc., 1906, A, 78, 157). With the exception of 
ethy! B-hydroxy-8-pheny] propionate, ethyl y-hydroxy-y-phenyl butyrate 
and ethyl phenylpropionate, all of which are too sparingly soluble in 
water, the velocities of saponification were determined both in aqueous 
solution and in 30 per cent. aqueous alcohol (by weight). The tempera 
ture was in all cases 25°. The values of the saponification constants 
obtained are as follows : 
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K (atconol): 

Ethyl glycollate f 54 

lactate Be 

a-hydroxy-8-phenylpropionate 

y-hydroxy-y-phenylbutyrate 

phenylpropionate 

propionate 

B-hydroxy-B- phenylpropionate 
Methyl phenylacetate 

The values of K(water) enclosed in brackets were obtained by calcula- 
tion from the values in aqueous-aleoholic solution. Before doing so, 
however, it was necessary to discover whether the ratio K¢water)/ 
Kaicony i8 the same in the case of different esters. We calculated 
this ratio, therefore, not only for the esters given in the table above, 
but also for those investigated previously by Findlay and Turner 
(loc. cit.). Asa result, it was found that the values of the ratio are 
very fairly concordant, the mean value being 1°5, except in the case of 
ethyl propionate and methyl phenylacetate. In the case of these two 
esters, the value of the ratio is 2°3 and 2°4 respectively. In order to 
obtain the values of the saponification constants of ethyl B-hydroxy- 
B-phenylpropionate and of ethyl y-hydroxy-y-pheny] butyrate, the values © 
of Kaiconol) Were multiplied by 1°5, whereas, in the case of ethyl 
phenylpropionate, the factor employed was 2:3. Justification for this 
is given by the fact that with the factor 1:5, the value of Kiwater) for 
ethyl phenylpropionate would be lower than that for ethyl propionate, 
whereas, in the case of analogous compounds, the phenyl group raises 
the saponification constant. 

On looking through the above table, the greatly augmenting influence 
of the hydroxyl group on the velocity of saponification is again 
observed, as is shown in the case of ethyl glycollate, ethyl lactate, 
and ethyl a-hydroxy-8-phenylpropionate. With regard to the first two, 
it may be mentioned that the impression given by the text-books is 
that these esters are saponified with immeasurably great velocities, 
It will, however, be seen that this is by no means the case. The 
velocity of saponification certainly is great, but it is quite measurable, 
and is, indeed, very much less than that of methyl mandelate, which 
was investigated previously. 

Influence of the Phenyl Group.—The influence of the phenyl group 
on the velocity of saponificatYon is seen from the following table, where 
K, is the saponification constant of the former of each pair of esters 
compared, and X, that of the latter. 

Esters. 


Methyl phenylacetate : methyl acetate 

Ethyl phenylacetate : ethyl acetate 
», Phenylpropionate : ethyl propionate.................. 
», mandelate : ethyl glycollate 
», @-hydroxyphenyipropionate : ethyl lactate 
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The above figures are remarkable. Whereas the introduction of 
the phenyl group into propionic acid or acetic acid raises the value of 
the saponification constant of the ethyl and methy] esters, introduction 
of the phenyl group into glycollic acid. or lactie acid, both of which 
contain the hydroxyl group, markedly lowers the value of the constant, 
In the case of the first three pairs of esters, not containing the 
hydroxyl group, the influence of the phenyl group diminishes with 
increase in the molecular weight of the ester. 

Influence of the a-Hydroxyl Group.—As has already been pointed 
out, the introduction of an hydroxyl group has a greatly accelerating 
influence on the velocity of saponification. This is made very clear 
from the following table, where X,/X, gives the ratio of the saponifica- 
tion constants of the different pairs of esters. 


Esters. 
Ethyl glycollate : ethyl acetate 
», lactate : ethyl propionate 
Methyl mandelate : methyl phenylacetate 
Ethyl mandelate : ethyl phenylacetate 
»» @-hydroxyphenylpropionate : ethyl phenylpropionate 


Just as the phenyl group has a much smaller (in fact, negative) 
influence when introduced into an ester containing the hydroxy] group 
than in the case of a non-hydroxylated ester, so here, we find that the 
influence of the hydroxyl group, although in all cases exercising an 
accelerating influence on the velocity of saponification, has a much 
greater influence in the case of esters not containing the phenyl group 
than in the case of those in which the phenyl group is present. We 
find here, therefore, a very marked antagonistic action between the 
phenyl] and hydroxyl groups when introduced into the same molecule. 
Such an effect is not observed in the case of the affinity constants of 
the acids. 

Reference may be made here to the effect of substitution in the 
case of the methyl esters as compared with that in the case of the ethyl 
esters. It was pointed out in the previous communication (p. 751) 
that the value of the saponification constant of methyl mandelate 
calculated from the saponification constant of methyl acetate and the 
influence of the phenyl and hydroxyl groups, as determined in the case 
of the ethyl ester, gave too low a value. The reason for this we see 
partly in the increased value of the influence of the phenyl and hydroxyl 
groups, but to a greater degree it is due to the fact that the value for 
the saponification constant of methyl acetate, which we had calculated 
from the determinations of Reicher, was too low, namely, 9°66 instead 
of 11:7, the value more recently determined by Walker (loc, cit.). On 
the basis of the factors previously employed, the calculated value for 
the saponificatioi constant of methyl mandelate would be 11:7 x 18x 
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53=112, instead of 92, previously calculated ; the experimentally 
determined value being 157. 

Influence of the B- and y-Hydroxyl Group.—With regard to the 
influence of the hydroxyl group in the f- or y-position, the rather 
unexpected result was obtained that the saponification constant of ethyl 
B-hydroxy-8-phenylpropionate is much less than that of ethyl y-hydroxy- 
yphenylbutyrate. 

Relation between Saponification Constant and Strength of Acid.—It 
has from time:to time been discussed whether the velocity of saponifica- 
tion of an ester by an alkali is connected with the strength of the acid 
from which the ester is derived. Conrad and Briickner (Zettsch. 
physikal. Chem., 1891, '7, 290) concluded, on the basis of their own 
determinations and those previously carried out by Reicher, that the 
velocity of saponification . ... of the esters of the mono- and poly-basic 
acids of the fatty series increases with the strength of the acid. 
Doubt has been expressed as to the universality of this conclusion, for 
example, by Hjelt, but it would appear from the investigations of 
Hjelt himself (Ber., 1898, 31, 1844) on the saponification velocity of 
the ethyl ester of acids of the succinic acid series, as well as from 
experiments by Sudborough and Feilmann (Proc., 1897, 13, 241), that 
in the case of homologous acids, or in the case of the introduction of 
similar groups, the velocities of saponification do follow the order of 
the affinity constants of the acids. 

Qualified support is given to this view by our own experiments. In 
the table following we have arranged the values of the saponification 
constants (K,) of the ethyl esters in aqueous solution in order of 
decreasing values, incorporating also the esters investigated previously 
by Findlay and Turner. In the third column of the table are given 
the values of the affinity constants (100 £) of the acids, as determined 
by Ostwald (Zeitsch. physikal. Chem., 1889, 3, 170, 241) and by 
Findlay, ‘Turner, and Owen (this vol., 938). 


100 &, 
Ethyl glycollate 


»» mandelate 

;, lactate 
a-hydroxyphenylpropionate :..... 
phenylmethoxyacetate ........... 
y-hydroxy-y- -phenylbutyrate... 
phenylethoxyacetate 
ee 
phenylacetate .. . 
phenylpropionate 
acetate 
propionate 5 
8-hydroxy-8-phenylpropionate... ; , T. & O.) 


From the above table it will at once be seen that the connexion 
betweer saponification constant of the ethyl ester and the affinity 
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constant of the corresponding acid is by no means one of direct pro. 
portion or of symbatic variation. Thus, ethyl glycollate (X,=75) 
has a much higher saponification constant than ethyl methoxyacetate 
(K,=23°3), but the affinity constant of glycollie acid (100 k =0°015) 
is considerably lessthan that of phenylmethoxyacetic acid (100 & = 0:074), 
Even phenylpropoxyacetic acid is a considerably stronger acid (100% 
= 0-049) than glycollic acid, although the saponification constanis of 
their ethyl esters are as 13 to 75. A like behaviour is found in the 
case of glycollic and mandelic acids and of their ethyl esters. Moreover, 
ethyl mandelate and ethyl lactate have saponification constants of not 
greatly differing value, although the affinity constant of mandelic acid 
(100 4=0-0417) is three times greater than the affinity constant of 
lactic acid (100 k=0°0138). One could not, of course, expect anything 
like exact proportionality between the affinity constant of the acid and 
the saponification constant of the ester derived from it ; but neither 
can we maintain in view of the examples given and of others which 
are contained in the above table, that the saponification constants of 
esters are directly dependent on, or even vary in the same direction as, 
the affinity constants of the acids from which they are derived. It 
appears certainly to be true that in the case of homologous series, the 
affinity constant of the acids and the saponification constants of the 
esters decrease with increasing molecular weight (for example, phenyl- 


methoxy-, phenylethoxy-, and phenylpropoxy-acetie acids), but it 
appears to be very doubtful whether any general connexion exists 
between the two factors. 

Certainly the cases we have investigated do not point in that 
direction. 


EXPERIMENTAL, 


Ethyl a-Hydroxy-B-phenylpropionate.—The free acid was prepared by 
Conrad’s method (Annalen, 1881, 209, 242). From this the ester 
was obtained by heating with absolute alcohol on a water-bath for 
nine to ten hours in presence of anhydrous hydrogen chloride. The 
ester thus obtained boiled at 156°/20 mm. 


Velocity of Saponification in Aqueous Solution. 


WV/250 ester ; V/251 NaOH. 
(a) K=40'2 (extreme values 42°7 and 38-2). 
(s) K=399( ,, »  41°7 ,, 38:0). 
General mean: K=40°1, 
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Saponification in 30 per cent. Alcohol. 
N/250 ester ; V/251 NaOH. 


(@) K=26°9 (extreme values 28°4 and 25°5). 
(b) K=27°2 ( ” 9 28°9 ,, 25°8). 


General mean : K=27°0. 


Ethyl B-Hydroay-B-phenylpropionate.—The acid was prepared from 
cinnamic acid by Fittig and Binder’s method (Annalen, 1879, 195, 
136), and was converted into its ethyl ester as in the preparation of 
the previous ester. The ester boiled at 135°/9—10 mm. ‘The ester 
was too sparingly soluble in water to allow of determining its 
saponification velocity in aqueous solution. 


Saponification in 30 per cent. Alcohol. 


N/240 ester ; V/240°6 NaOH. 
(a) K=3°38 (extreme values 3°44 and 3°30). 
() K=3°20( ,, »» 3°27 ,, 3°13). 
General mean: K=3'3. 


Ethyl y-Hydroxy-y-phenylbutyrate.—The lactone was prepared by the 
reduction of benzoylpropionic acid with sodium amalgam. The 
crystals melted at 35—36°: 

01714 gave 0°4627 CO, and 0:0988 H,O. C=73°62; H=6-40. 

C,)H,,0, requires C=74°0 ; H=6:17 per cent. , 

The ethyl ester was obtained by heating the lactone on the water- 
bath for nine hours with three times its weight of absolute alcohol in 
presence of dry hydrogen chloride. It was obtained as a colourless 
liquid boiling at 152—153°/12 mm. 


Saponification in 30 per cent. Alcohol. 


V/240 ester ; V/240°6 NaOH. 


(a) K=10'8 (extreme values 11°5 and 10°1). 
(6) K=11:2( ,, y»» 12°5 4, 10°4). 


General mean: K=11°0. 
Ethyl Glycollate.—This was obtained from Kahlbaum, and was 
redistilled. 
Saponification in Aqueous Solution. 
4/100 ester ; V/100 NaOH. 


(a) K=73°6 (extreme values 77°3 and 705). 
(b) K=75'8( ,, i i: wee 
General mean: K=75. 


VELOCITY OF SAPONIFICATION. 


Saponification in 30 per cent. Alcohol. 


The values of A’ showed a general tendency to increase during 
saponification. As approximate value we may take X=54, 


Ethyl Lactate.— Obtained from Kahlbaum. 


Saponification in Aqueous Solution. 
NV/100 NaOH. 


(a) K=63°7 (extreme values 64°4 and 63:0). 
(bd) K=63°2( ,, »» 65°4 ,, 62°0). 
K=63°5. 


N/100 ester ; 


Ceneral mean : 


Saponification in 30 per cent. Alcohol. 
NV/198 ester ; ago NaOH. 


(a) 39° 
(6) 87° 


2 (extreme values 41°6 and 37 
2 ( 9 ”? 41°0 > 35° 
K=38. 


) 
). 


General mean : 


Ethyl Propionate.—Obtained from Kahlbaum. 


Saponitfication in Aqueous Solution. 
N/251 NaOH. 


(a) K=5-'21 (extreme values 6°30 ag 
(6) K=5'31(_,, » 6°12 ,, 


K=5°'3. 


N/250 ester ; 


£8 
~— 


General mean : 


Saponification in 30 per cent. Alcohol. 
NV/250 ester ; V/251 NaOH. 


(a) K=2°31 (extreme values 2°62 and 2°10). 
(6) K=2°39( ,, o» 262 ,, 2°29). 


General mean: K= 


a 


Ethyl Phenylpropionate.—Obtained from Kahlbaum. 
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Saponification in 30 per cent. Alcohol. 
N/240 ester ; V/240°6 NaOH. 


(a) K=8:01 (extreme values 3°17 and 2°86). 
(6) £Z=810( ,, 9 * 8°42 ,,° 2°62). 


Geneial mean : K=3'05. 


Methyl Phenylacetate.—Obtained from Kahlbaum. 
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Saponification in Aqueous Solution. 


N/251 ester ; V/251 NaOH. 


(a) K=27°'1 (extreme values 32°5 and 24°8). 
(bs) K=276( ,, y> 32°5 ,, 24°8). 
General mean : K=27-4, 


Saponification in 30 per cent. Alcohol. 


V/240 ester ; V/240°6 NaOH. 


a) K=11°'31 (extreme values 11°74 and 11°05). 
6) Bali Get. as oy}, AER. 55. 1078). 


General mean: K=11°2 


CHEMICAL DEPARTMENT, 
UNIVERSITY OF BIRMINGHAM. 


CXV.—Optically Active Reduced Naphthoie Acids. Part 
IV. Comparison of the Rotatory Powers of the Di- 
and Tetra-hydronaphthoie Acids with those of 
Phenylallylacetic,a-Phenylvaleric, B-Phenyl-a-ethyl-, 
and B-Phenyl-a-meinyl-propionic Acids.* 


By Ropert Howson Pickarp and JosepH YATES. 


von Bagyer (Annalen, 1891, 266, 169 et seg.) has described six 
reduced naphthoic acids, in which the carboxyl group is attached to 
the reduced ring, and four of which contain an asymmetric carbon 
atom. Three of these, the two tetrahydro-acids and A?-dihydro-1- 
naphthoie acid, have already been resolved into their optically active 
components (Trans., 1905, 87, 1763; 1906, 89, 1101, 1484), and 
the work has now been completed by the preparation of the active 
forms of A*-dihydro-2-naphthoic acid. 

The structure of these bicyclic acids can be compared with that of 
certain monocyclic acids ; thus, for example : 


CH(CO,H)-CH, CH, ‘CH: CO,H 
| . 
Colon CH, CH<on,-Cn, 
1:2:3:4-Tetrahydro-1-naphthoic 1:2:3:4- Tetrahydro-2-n iphthoic 
acid. acid. 


C,H,-CH,*CH(CO,H) 


CH(CO,H)-CH, 


C,H, 

oe Cd,-CH, CH,-CH, 
Phenyl]propylacetic acid. Benzylethylacetic acid, 

(a- Phenyivaleric acid. ) (8-Pheny]-a-ethylpropionie acid. ) 


- For the purpose of comparison thoes last hae acids are referred to as phenyl- 
propyl-, benzylethyl-, and benzylmethyl-acetic acids respectively in this paper. 
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The main difference between these two types of acid lies in the 
mono- or bi-cyclic structure. As the former, like the reduced 
naphthoic acids, possess an asymmetric carbon atom in their molecule, 
it was thought desirable to extend the investigation to include the 

- resolution of these, in the hope that the results would throw some 
light on the question of the relation between optical activity and 
chemical constitution. 

All the acids, which have now been resolved, form stable salts with 
l-menthylamine, and the mixture of the /BdA and /BIA salts is 
readily separated by fractional crystallisation. It is believed that 
the active acids are pure, and have been completely resolved, as in 
each case after obtaining from one solvent the pure menthylamine 
salt of constant rotation, it was found that the rotation remained 
unaltered by crystallisation of the salt from another solvent. Evidence 
in favour of this is shown in those cases where the two isomerides 
have been obtained of equal and opposite rotatory powers, whilst in 
the case of benzylmethylacetic acid we obtained a product with a 
rotation the same as that given by Kipping and Hunter (Trans, 
1903, 83, 1008), who resolved this acid by means of the quinine 
salt. 

The molecular rotations of the acids and their sodium salts are 
shown in the following table. 


Molecular Rotations. 


Acid in Acid in Sodium salt 
CHCl... C.He. in H,0. 


A®.Dihydro-1-naphthoic acid ............... 370°4° 309°5° 374°5° 
A*-Dihydro-2-naphthoic ,, ............04 276°2 317°0 808°9 
1:2:38:4-Tetrahydro-1-naphthoic acid.. 28 1 92°1 21°1 
1:2:3:4-Tetrahydro-2-naphthoic ,, .. 91°2 87°9 90°5 
Phenylallylacetic acid ..............cesseess0 148°9 181°6 40 2 
Phenylpropylacetic acid ................00008 104°7 140°7 5:0 
Benzylethylacetic acid........ ....s.seeseeee 68°3. 73°0 100°7 
Benzylmethylacetic acid..................+6 45°5 44°4 66°8 


It is obvious that these results indicate that very little definite 
evidence on the relationship between chemical constitution and 
rotatory power can as yet be obtained by a comparison of the rotatory 
powers of such acids when dissolved in various solvents, Phenomena, 
such as the association of the free acids with the solvents or the 
varying degrees of ionisation of the aqueous solutions of the sodium 
salts,* undoubtedly have a large influence on the rotations, and 
prevent any very definite conclusions on the above question. 

The general deductions, however, to be drawn from these results 
may be-summarised as follows : 


* Compare the results obtained by Kipping (this vol., p. 416) for the specific 
rotation in water of mandelic acid and its salts. 
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(a) The influence of unsaturation is evidenced by the relatively high 
rotations of the dihydro-1- and -2-naphthoic acids and phenylallylacetic 
acid as compared with the rotations of the corresponding tetrahydro- 
acids and phenylpropylacetic acid. 

(b) The relative position of the asymmetric atom to the aromatic 
ring appears to have less effect on the rotation than the influence of 
the double bond, for the tetrahydro-l-acid has a lower rotation than 
the tetrahydro-2-acid, whereas the dihydro-l-acid has a higher rotation 
than the dihydro-2-acid. 

(c) The bicyclic compounds have, as a rule, the larger rotations, as is 
shown in the case of dihydro-l-naphthoic acid compared with phenyl- 
allylacetic acid and that of tetrahydro-l-naphthoic acid compared with 
phenylpropylacetic acid; there is, however, a possible exception to 
this in the cases of tetrahydro-2-naphthoic acid and benzylethylacetic 
acid, 

The influence on the rotation of a change from an open-chain to a 
cyclic compound has been previously observed in the case of several 
acids and their anhydrides or lactones. In general, it may be said 
that the rotation is higher in the case of the ring compound, although 
there are exceptions, as, for example, in the case of camphoric acid and 
its anhydride (Aschan, Ber., 1894, 2'7, 2011), 

(d) It has been observed that the relative proximity of a double 
linking frequently tends to increase the rotations of closely related 
unsaturated compounds (compare Rupe, Annalen, 1903, 32'7, 157), so 
that the higher rotations of the two dihydro-acids (in which the 
distance of the asymmetric carbon atom from the double bond is the 
some in both) may be due, not only to their cyclic character, but also, 
in part, to the closer proximity of the double linking to the asymmetric 
carbon atom in these than in the phenylallylacetic acid. 

This is further borne out by the much greater difference between 
the rotations of the dihydro-acids and phenylallylacetic acid than 
between the rotations of the tetrahydro-acids and phenylpropylacetic 
and benzylethylacetic acids. 


EXPERIMENTAL. 


Preparation of A*-Dihydro-2-naphthoic Acid. 


The method described by Baeyer, Schoder, and Besemfelder (Annalen, 
1880, 206, 169) for the preparation of A®-dihydro-2-naphthoic acid 
was adopted with the slight modifications described below. 

2-Naphthoic acid was dissolved in potassium carbonate and reduced 
at U° by means of sodium amalgam, a stream of carbon dioxide being 
passed through the liquid to neutralise the sodium hydroxide formed. 
The reduction was continued until a test portion oxidised with potass- 
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ium permanganate did not give a precipitate when acidified with 
sulphuric acid. After removal of the mercury, the liquid was acidified, 
and yielded an impure acid melting at about 88°. This was dissolved 
in a solution of potassium hydrogen carbonate, and sufficient hydro- 
chloric acid added to precipitate about one-quarter of the dissolved 
acid. This precipitate melted at 152°, and consisted chiefly of the 
stable acid. The mother liquor was next fully acidified, and the 
acid obtained was crystallised from water. The labile acid was thus 
isolated in small needles melting at 103°. 


Resolution of A®-Dihydro-2-naphthoice Acid. 


1-Menthylamine d-A*- Dihydro-2-naphthoate.—T he racemic acid (1 mol.) 
was dissolved in the calculated quantity of a solution of potassium 
hydrogen carbonate and mixed with a solution of /-menthylamine 
hydrochloride (1 mol.). The 7BdA and JB/A salts were precipitated 
as a white solid, which melted indefinitely at 140—150° and had 
[a], -—16°6° in ethyl alcohol. It was soluble in most organic media, 
and sparingly so in light petroleum. By repeated crystallisation, first 
from dilute alcohol, then from absolute alcohol, and lastly from 
acetone, the pure /BdA salt, melting at 143—144° and possessing a 
constant specific rotation, was obtained : 


0°3138, made up to 20 ¢.c, with ethy) alcohol, gave* a +2°40°; 

whence [a], + 76°48° and [M], + 251°62°. 
0:4292 was boiled with excess of sodium hydroxide until all the 
menthylamine was expelled, when it was found that 0°0556 NaOH 
had been neutralised.t The calculated amount is 00522 NaOH. 
d-A®. Dihydro-2-naphthoic Acid.—The pure /BdA salt was decom- 
posed by dilute hydrochloric acid, and the acid extracted with ether. 
After crystallisation from water, it melted at 101°: 
0°4242 neutralised 0°0984 NaOH. This amount of an _ acid, 
C,,H,,0,, requires 0°0975 NaOH. 

0°3604, made up to 20 c.c. with chloroform, gave a +5°72°; whence 
[a], +158°71° and [M],, +276-15°. 

0:3194, made up to 20 c.c. with benzene, gave a +5°82°; whence 
[a], +182°21° and [M], +317-04°. 


The sodium salt separates out in white, flaky crystals when the 
calculated amount of sodium ethoxide is added to a solution of the 


* All rotations recorded in this paper were observed in a 2-dem. tube unless 
otherwise stated. 

+ All the pure menthylamine salts described in this paper have been analysed in 
a similar manner. In each case, the results showed that the salts were composed 
of oue equivalent each of acid and base. 
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acid in anhydrous alcohol. It was washed with a mixture of alcohol 
and ether, and dried in a desiccator : 

01595 gave 0°0575 Na,SO,. -Na=11°68. 

C,,H,O,Na requires Na= 11°73 per cent. 
03248, made up to 20 c.c. with water, gave a +5°12°; whence 
[a], +157°63° and [M], +308°95°. 

This solution, after standing three days, had [a], +148°4°. A few 
drops of sodium hydroxide solution were then added and the mixture 
kept for two days, when the solution was found to be inactive. It 
was then acidified, and the precipitated acid crystallised from dilute 
alcohol. It was thus obtained in glistening plates, which melted 
at 153°. 

Baeyer (/oc. cit.) gives the melting point of the inactive A?-dihydro- 
2-naphthoic acid as 161°. 


Preparation of Phenylallylacetic Acid, C,H,*CH(C,H,)*CO,H. 


The method adopted for the preparation of phenylallylacetic acid 
was that described by Wislicenus (Annalen, 1897, 296, 361), but was 
somewhat modified as described below. 

Phenylacetic acid was first prepared by hydrolysis of phenylaceto- 
nitrile, obtained from benzyl chloride by the action of potassium cyanide. 
The acid was esterified by boiling with absolute alcohol and a small 
amount of concentrated sulphuric acid, and the “pure ester redistilled 
once over phosphoric oxide. The ethyl phenylacetate was then 
condensed with pure ethyl oxalate by means of dry sodium ethoxide, 
and, after decomposing the sodium derivative with dilute sulphuric 
acid, diethyl phenyloxalacetate was obtained by extraction with ether. 
When distilled in a vacuum, it loses carbon monoxide, yielding diethy] 
phenylmalonate, boiling at 150—153°/9—10 mm. 

The allyl derivative, diethyl phenylallylmalonate, was prepared by 
adding diethyl phenylmalonate (1 mol.) to sodium (1 atom) dissolved 
in ten times its weight of absolute alcohol, and then a slight excess of 
freshly distilled allyl iodide. The whole was warmed on a water-bath 
until neutral to litmus, when the alcohol was distilled off, water 
added, and the residue extracted with ether. The phenylallylmalonic 
ester was distilled in a vacuum, and the fraction boiling at 160—170°/ 
12—13 mm. hydrolysed by boiling with an alcoholic solution of sodium 
ethoxide. After removal of the alcohol by distillation, the mixture 
was acidified, and the phenylallylacetic acid extracted with ether. 
It was purified by distillation, when the fraction boiling at 
172—178°/16 mm. solidified on cooling to a crystalline cake, which 
melted at 31°. 
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Resolution of Phenylallylacetic Acid. 


1-Menthylamine d-Phenylallylacetate.—The racemic acid (1 mol.) was 
dissolved in the requisite amount of a solution of sodium hydrogen 
carbonate and mixed with a warm solution of /-menthylamine hydro. 
chloride (1 mol.). A pasty solid was at once formed, but this rapidly 
hardened, and, after standing a short time, was collected and dried, 
It dissolved readily in all organic media, and, after six successive 
crystallisations from dilute methyl alcohol, the pure 7/BdA salt witha 
constant specific rotation was obtained. It crystallised in acicular 
needles, which melted at 145° : 
0°3138, made up to20c.c. with ethyl alcohol, gave a —0°04° ; whence 
[a]) —0°82° and [M], -2°71°. 
d-Phenylaliylacetic Acid.—The pure /BdA salt was decomposed by 
dilute hydrochloric acid and extracted with ether. After removal of 
the ether, the acid was obtained as a viscid oil, which did not solidify 
on long standing in a vacuum desiccator, when subjected to a low 
temperature, or when seeded with the inactive acid : 
0°4835, made up to 20 c.c. with chloroform, gave a +4°09° ; whence 
[a]p +84°59° and [M], + 148-88°. 
0°4884, made up to 20 c.c. with benzene, gave a +5°04°; whence 


[a]p +103°19° and [M], +181°61°. 
The sodiwm salt crystallises from ethyl alcohol in pearly laminz. 
After drying at 110°, it gave the following results : 
0°1211 gave 0:0438 Na,SO,. Na=11°73. 
C,,H,,0,Na requires Na=11°61 per cent. 


0:3353, made up to 20 ¢.c. with water, gave a +0°68° ; whence 
[a], +20°28° and [M], + 40°15° 

The magnesium, calcium, barium, zinc, cadmium, and manganese 
salts are soluble in water, whilst the cupric, ferric, silver, mercurt, 
and mercurous salts are insoluble. The Jead salt crystallises well 
from water. 

Attempts to obtain the pure levo-acid by fractional crystallisation 
of its cinchonidine salt were not very successful. 

The least soluble cinchonidine salt obtained melted at 100°, and had 
[a], — 58°9° in ethyl alcohol. This salt was not quite pure, since the 
l-phenylallylacetic acid obtained from it had only [a] —-—74°8° in 
benzene. 

Preparation of Phenylpropylacetic Acid (a-Phenylvaleric Acid), 
C,H.,*CH(C,H;)°CO,H. 

a-Phenylvaleronitrile, C,H,*CH(C,H,)*CN.—This substance was 

prepared by a method similar to that given by Rossolymo (Ber., 
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1889, 22, 1235). Phenylacetonitrile and propyl iodide are heated 
together with a large amount of finely-powdered sodium hydroxide, 
and the product, after addition of water, is extracted with ether. 
After two distillations, the fraction boiling at 255—261° is collected 
and hydrolysed. 

The method of hydrolysis recommended is to heat the nitrile with 
hydrochloric acid at 180—190°, but it was found more convenient to 
boil the nitrile with moderately strong sulphuric acid (3 : 2) for eight 
to nine hours. The mixture is then diluted with water, extracted 
with ether, and the acid removed by washing the ether with a 
solution of sodium hydroxide. From the latter, it is obtained by 
acidifying and again extracting with ether. The crude acid boiled at 
161—163°/10 mm., and, when cooled, solidified to a crystalline mass, 
which melted at. 52°. 


Resolution of Phenylpropylacetic Acid. 


|-Menthylamine Phenylpropylacetate.—The inactive acid was dissolved 
inasolution of sodium hydrogen carbonate, and an aqueous solution of 
lmenthylamine hydrochloride added in slight excess. The mixture of 
salts was precipitated at once in a fairly hard state, and, after standing 
one hour, was filtered and dried on porous tiles. It was soluble in 
most organic media, and crystallised. from acetone or from dilute 
alcohol in masses of felted needles. After two crystallisations from 
aqueous alcohol and five from absolute alcohol, the salt melted at 141° 
and had a constant rotation : 
10372, made up to 20 c.c. with ethyl alcohol, gave a — 1°82°; whence 
[a]p —17°54° and [M], —58°41°. 
d-Phenylpropylacetic Acid.—The pure /BdA salt was decomposed by 
dilute hydrochloric acid and extracted with ether. After removal of the 
ether, the oil was obtained as a viscid oil, which boiled at 165°/14 mm. 
and had D*’ 1:047. At the temperature of a mixture of ice and salt, 
it solidified when seeded with a little of the inactive acid, but melted 
when removed from the freezing mixture. 
The acid in a 50 mm. tube had a +37°75 ; whence [a], +72°10° 
and [M], +128°34°. 
(8094, made up to 20 ¢.c. with chloroform, gave a + 4°76° ; whence 
[a], +58°81° and [M], + 104°68°. 
05870, made up to 20 c.c. with benzene, gave a +4°64°; whence 
[a]p +79°05° and [M], + 140°71°. 
03198, exactly neutralised by an aqueous solution of sodium 
hydroxide and made up to 20 c.c., gave a +0°09°; whence 
[a], +2°50° and [M], +5:00°. The acid obtained from this 
solution gave in chloroform solution [a], +58°0°. 
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The mercurous, copper, ferric, and silver salts are insoluble in water, 
whilst the magnesium, calcium, barium, mercuric, and manganese salts 
are soluble. The lead salt dissolves in hot water, and crystallises out 
on cooling. 

Attempts were made to prepare the levo-isomeride of the acid by 
fractional crystallisation of the cinchonidine salt of the acid obtained 
from the more soluble menthylamine salts, but these were not very 
successful. 

The purest cinchonidine salt obtained melted at 128°, and had 
[a], — 79°27° in alcohol after seven crystallisations from acetone, 

The /-acid obtained from this had [a], —54:5° in chloroform and 
[a]) — 71°83° in benzene, whilst the sodium salt had [a], — 196° in 
water. 


Resolution of Benzylethylacetic Acid (B-Phenyl-a-ethylpropionic Acid), 
C,H,-CH,°CH(C,H,)-CO,H. 


The inactive acid was prepared by the reduction with sodium 
amalgam of phenylangelic acid (Baeyer and Jackson, Ber., 1880, 13, 
118). It was obtained as a colourless oil, boiling at 193°/80 mm. 

1-Menthylamine 4-Benzylethylacetate——The inactive acid (1 mol.) 
was exactly neutralised by a solution of sodium hydrogen carbonate 
and mixed with the calculated amount (1 mol.) of an aqueous 
solution of /-menthylamine hydrochloride. The mixture of the 
two salts of the levo-base was precipitated as an oil, which, how- 
ever, soon solidified. It was soluble in most organic solvents, but 
crystallised readily from aqueous alcohol. After six recrystallisations 
from this medium, and then from methyl alcohol, the pure /BdA salt 
was obtained in stout prisms, which melted at 137°. The specific 
rotation of the last two crops was constant, and remained unaltered 
after recrystallisation from acetone : 


05366, made up to 20 cc. with ethyl alcohol, gave a —0°36°; 
whence [a], — 6°70° and [M],, — 22°31°. 


d-Benzylethylacetic Acid.—The menthylamine salt was decomposed 
by hydrochloric acid and extracted with ether. ‘The viscous oil thus 
obtained gave the following polarimetric results : 


0:4927, made up to 20 c.c. with benzene, gave a +2°02°; whence 
[a]) +40°99° and [M], +72°96°. 
0°4979, made up to 20 c.c. with chloroform, gave a + 1°91°; whence 
[a]p +38°36° and [M], + 68:28°. 
The sodium salt crystallises in pearly leaflets from methyl alcohol, 
in which it is very soluble: 
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0:3695 gave 0°1307 Na,SO,. Na=11°46. 
C,,H,,0,Na requires Na= 11°50 per cent. 
03811, made up to 20 c.c. with water, gave a +1°92°; whence 
[a]p 50°38° and [M], + 100°76°. 
The magnesium, calcium, barium, zine, and mercuric salts are soluble, 
whilst the mercurous, lead, silver, copper, and ferric salts are insoluble 
in water. 


Resolution of Benzylmethylacetic Acid (B-Phenyl-a-methylpropionic Acid), 
C,H,°CH,°CH(CH,)-CO,H. 


Benzylmethylacetic acid has already been resolved by Kipping 
and Hunter (loc. cit., compare also Kipping and Salway, Trans., 
1904, 85, 448) by the fractional crystallisation of the quinine 
salt. By means of /-menthylamine we obtained the dextro-acid with 
a rotation the same as that of these investigators. 

|-Menthylamine d-Benzylmethylacetate is obtained free from the 
IBIA isomeride after six recrystallisations from acetone, from which 
it separates in long, silky needles melting at 143°: 


10467, made up to 20 c.c. with ethyl alcohol, gave a +1°79°; 
whence [a]p +17°10° and [M], +54°55°. 


d-Benzylmethylacetic acid was obtained as a viscid, colourless 
oil, which boiled at 160°/13 mm. and had D*}’ 1-065. 


In a 50 mm. tube it gave a +12°06°; whence [a], +22°65° and 
[M], +37°14°. 

0'7465, made up to 20 c.c. with benzene, gave a +2°02°; whence 
[a]p +27-06° and [M], + 44°4°. 

0°6565, made up to 20 c.c. with chloroform, gave a + 1°82°; whence 
[a], +27°72° and [M], + 45°5°. 

Kipping and Hunter give [a], + 22°6° as the specific rotation of the 
acid, and [a], +26° for that of the sodium salt in water. We 
obtained a rather higher value for the rotation of the salt. 

The sodium salt crystallises i:: beautiful, lustrous plates from a 
mixture of methyl alcohol and ether. (Found, Na=12°46 per cent., 
calculated 12°37 per cent.) 


04453, made up to 20 cc. with water, gave a +1°60°; whence 
[a]p +35°93° and [M], + 66°8°. 

d-Benzylmethylacetyl Chloride.—As the method given by Kipping 
and Salway for the preparation of the chloride by means of phos- 
phorus pentachloride is very tedious, we attempted to obtain it 
by means of thionyl chloride. We found that a mixture of the d-acid 
and thionyl chloride when fractionally distilled soon after mixing 
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gave the pure d-chloride. Our preparation was a colourless liquid, 
which boiled at 111°/11 mm, and had D°*f1:102. In a 50 mm. tube it 
gave a + 14:48°; whence [a], + 26°28° and [M], + 48°0°. 

When hydrolysed by warming with a solution of sodium carbonate, 
it yielded the pure d-acid. 


MunIciPpAL TECHNICAL SCHOOL, 
BLACKBURN. 


CXVI.—Relation between Chemical Constitution and 
Physiological Action in the Tropeines. Part II. 


By Hoover AuBert Dickinson Jowett and Frank L&E Pymay. 


In continuation of our previous work (Trans., 1906, 89, 357 ; 1907, 91, 
92) on the relation between chemical constitution and physiological 
action in the tropeines, we have prepared and submitted to comparative 
physiological examination a large number of these compounds to 
determine how far Ladenburg’s generalisation may with accuracy be 
applied. Before giving the results of our experiments, it is necessary 
to correct a statement with regard to this generalisation. We observed, 
in the course of our work, that mydriasis is caused by m-hydroxy- 
benzoyltropeine, which, according to the generalisation, should be non- 
mydriatic, and on further examining the previous work in the subject, 
we found that Ladenburg (Annalen, 1883, 217, 82) himself had stated 
this to be the case. It seemed strange that this chemist should have 
enunciated such a generalisation when his own results were in direct 
contradiction to it; we, therefore, very carefully searched the literature 
for the original paper, but without success. We then communicated 
with Prof. Ladenburg, who informed us that he is unable to recollect 
putting forward this generalisation. 

It has, however, been somewhat widely accepted and occurs in 
the literature and most text-books on the subject, and has served a 
useful purpose in grouping together the action of various tropeines. 
Our further investigation has proved that it cannot be strictly 
applied. 

Briefly stated, the generalisation is that for a tropeine to have 
mydriatic properties it must contain ; 

(1) a benzene residue, 

(2) an aliphatic hydroxyl in the side-chain containing the carboxyl 

group. 

As a-hydroxy-B-2-pyridylpropionyltropeine is a mydriatic, (1) does 
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not hold, and as both o- and m-hydroxybenzoyltropeines are mydriatic, 
(2) is not correct. 

The detailed physiological results of this investigation will be 
communicated elsewhere, but the preparation and chemical properties 
of several new tropeines are described in this paper. Several tropeines 
which have previously been described in chemical literature were 
prepared for the purpose of physiological examination, and these have 
been further characterised by the preparation of a number of new 
salts. We will here briefly refer to some of the more important 
physiological results. 

Atroglyceryltropeine, which contains two hydroxy-groups in the acyl 
residue corresponding with those of both atropine and homatropine, is 
intermediate between these in mydriatic value. 

a-Hydroxy-B-phenylpropionyltropeine has greater mydriatic pro- 
perties than homatropine, and a-hydroxy-8-2-pyridylpropionyltropeine, 
which contains a pyridine, but no benzene, residue, phenylchloroacetyl- 
tropeine, and phenylaminoacetyltropeine are all active in this respect, 
although less so than homatropine. 

Fumaroyl-, tartryl-, cinnamoyl-, phthaloyl-, and p-hydroxybenzoyl- 
tropeines are inactive, but phenylcarbamo-, benzoyl-, phenylacetyl-o-, 
and m-hydroxybenzoyl-tropeines possess more or less marked mydriatic 
properties. 

The above results were obtained by instillation of aqueous solutions, 
equivalent as regards tropine content with a 1 per cent. aqueous 
solution of homatropine hydrobromide, into the conjunctival sac of 
cats’ eyes. 

In conclusion, we have to thank Mr. H. H. Dale of the Wellcome 
Physiological Research Laboratories for carrying out the physiological 
examination of these tropeines, and Dr. P. Remfry for the preparation 
of phenylcarbamotropeine. 


EXPERIMENTAL. 
Atroglyceryltropeine, OH*CH,*CPh(OH):CO,°C,H,,N. 


Twelve and a-half grams of atroglyceric acid and 10 grams of tropine 
were warmed together on the water-bath until a clear solution 
resulted, and this was heated to 120—125° ina stream of dry hydrogen 
chloride for four hours (Tauber, D.R.-P. 95853). The light brown 
gum was decomposed with ammonia and extracted with chloroform, 
from which the alkaloid was then extracted with 10 per cent. hydro- 
chloricacid. After regeneration with sodium carbonate and extraction 
with ether, the base was obtained as a viscid oil, which became 
crystalline on stirring with acetone. On recrystallisation from 

3x2 


1022 JOWETT AND PYMAN: RELATION BETWEEN CHEMICAL 


acetone, 31 grams of the pure tropeine were obtained, that is, 14 per 
cent. of the theoretical. 

Atroglyceryltropeine crystallises from acetone or benzene in rect- 
angular, oblong plates, which melt at 124—125° (corr.). It is very 
sparingly soluble in water or ether, sparingly so in acetone or benzene, 
but easily so in alcohol or ethyl acetate : 

0°2022 gave 04945 CO, and 0°1363 H,O. C=66'7; H=7°6. 

03846 ,, 16:2cc. N, at 19° and 764mm. N=5-0. 

C,,H,,0,N requires C=66°8; H=7°6; N=4°6 per cent. 

The hydrobromide crystallises from absolute alcohol or acetone in 
large, clear monoclinic plates, which melt at 144—145° (corr.). It is 
anhydrous and is easily soluble in water, fairly easily so in alcohol, and 
sparingly so in acetone : 

0°1998 gave 0°0952 AgBr. Br=20°3. 

C,,H,,0,N,HBr requires Br = 20-7 per cent. 

The sulphate crystallises from a mixture of absolute alcohol and 
ethyl acetate in fine matted needles, which melt at 163—164° (corr.), 
It is readily soluble in water or alcohol, and contains two and a-half 
molecular proportions of water of crystallisation : 

0:1440air-dried salt gave 02842 CO, and 0°0920H,O. C=53'8; H=7°2. 
0:2396 ,, 4, 4, lost0°0144 at 100°. H,O=6-0. 
(C,,H,,0,N),,H,SO,,23 H,O requires C=54:'2; H=7:1; H,O=6-0 per 
cent. 
01482 dried at 100° gave 0:0490 BaSO,. SO,=13°6. 
(C,,H,,0,N).,H,SO, requires SO, = 13°6 per cent. 

The aurichloride crystallises from dilute hydrochloric acid in 
clusters of golden, prismatic needles, which melt at 145—148° (corr.). 
It is sparingly soluble in water, but easily so in alcohol. It contains 
one-third of a molecular proportion of water of crystallisation : 


0°2895 air-dried salt lost 0:0024 at 100°. H,O=0°8. 
C,,H,,0,N,HAuCl,,4H,O requires H,O =0°9 per cent. 
0°2871 dried at 100° gave 0°0874 Au. Au=30°4. 
C,,H,,0,N,HAuCl, requires Au=30°6 per cent. 

The picrate crystallises from alcohol in fine yellow needles, which 
melt at 178—179° (corr.). 

The methobromide is dimorphous ; it separated from a solution of the 
base in absolute alcohol, to which methyl bromide had been added at 0°, 
in indefinite laminar crystals, which melted at 226—227°; on re- 
crystallisation from absolute alcohol, it was obtained in radial clusters 
of prismatic needles, which melted at 218—219° (corr.); this melting 
point was unchanged by further crystallisation. It is readily soluble 
in water, but sparingly so in alcohol: 
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0:0842 gave 0°0392 AgBr. Br=19°8. 
C,,H,,0,N,CH,Br requires Br = 20-0 per cent. 


a-H. ydroxy-B-phenylpropionyltropeine, CH,Ph-CH(OH)-CO,°C,H,,N. 

Seven grams of a-hydroxy-8-phenylpropionic acid and 5 grams of 
tropine were heated for tive hours at 130° in a stream of dry 
hydrogen chloride, The resulting gum was purified as in the case of 
atroglyceryltropeine, and gave a crude tropeine which crystallised on 
keeping. After recrystallisation from ether, 4:4 grams of the pure 
tropeine were obtained; the yield amounted to 43 per cent. of the 
theoretical. 

a-Hydroxy-B-phenylpropionyltropeine is insoluble in water, but easily 
soluble in the other usual organic solvents. It crystallises from a 
concentrated ethereal solution in rosettes of needles, which melt at 
89—90° (corr.) : 

0:1533 gave 0:3949 CO, and 0°1083 H,O. C=70°3; H=7°9. 

C,,H,,0,N requires C=70°5 ; H=8:0 per cent. 

The hydrobromide crystallises from acetone in chisel-shaped needles, 
which melt at 173—175° (corr.). It is anhydrous, and is easily 
soluble in water, fairly easily so in alcohol, and sparingiy so in acetone : 

02325 gave 071195 AgBr. Br=21°9. 

C,,H,,0,N,H Br requires Br = 21-6 per cent. 

The sulphate crystallises from a mixture of absolute alcohol and 
acetone in short, prismatic needles, which melt at 192—193° (corr.). 
It contains 2 molecules of water of crystallisation, and is easily soluble 
in water or alcohol, but sparingly so in acetone : 

0°2068 air-dried salt lost 0°0108 at 110°. H,O=5-2. 

(C,,H,,0,N),,H,SO,,2H,0 requires H,O=5:1 per cent. 
0°1912 dried at 110° gave 0:0674 BaSO,. SO,=14°5. 
(C,,H,,0,N),,H,SO, requires SO, = 14:2 per cent. 

The aurichloride crystallises from alcohol in hard, yellow plates, 
which melt at 188—189° (corr.). It is anhydrous, and is insoluble in 
water, but sparingly soluble in cold alcohol : 

0°1720 gave 0°0536 Au. Au=31°2. 

C,,H,,0,N,HAuCl, requires Au =31°3 per cent. 

The picrate crystallises from alcohol in short, yellow needles, which 
melt at 159—160° (corr.). 

The methobromide crystallises from absolute alcohol in scales, which 
melt at 213—215° (corr.). It is easily soluble in water or alcohol: 

0°1606 gave 00785 AgBr. Br=20°8. 

C,,H,,0,N,CH,Br requires Br = 20°8 per cent. 
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a-Hydroxy-B-2-pyridylpropionyltropeine, 
C;NH,°CH,*CH(OH)-CO,°C,H,,N. 


Fourteen grams of a-hydroxy-8-2-pyridylpropionic acid and 10 grams 
of tropine were subjected to the action of a stream of dry hydrogen 
chloride at 130—135° for seven hours. The resulting gum was 
worked up in the usual manner, and gave 5 grams of a light brown 
syrup, which readily formed crystalline salts; the yield amounted to 
24 per cent. of the theoretical. 

This base was not obtained in a crystalline form even after re- 
generation from a pure salt. 

The sulphate crystaliises from a mixture of absolute alcohol and 
acetone in clusters of prismatic needles, which melt at 152—154° 
(corr.). It is very deliquescent, and is easily soluble in water or 
alcohol, giving a neutral solution : 


0°1526 driedat 100° gave0°3165 CO,and0°0941 H,O. C=56°6; H=6-9, 

01805 dried at 100° gave 0:°0640 BaSO,. SO,=14°6. 
(C,,H,.0,N,).,H,SO, requires C=56°5 ; H=6-9; SO,=14:2 per cent. 

The dihydrochloride crystallises from absolute alcohol in highly 
refracting, colourless prisms, which sinter at 205° and melt and 
decompose at 208—210° (corr.). It is deliquescent and easily soluble 
in water, giving an acid solution, but is sparingly soluble in cold 
absolute alcokol : 


0°1506 dried at 100° gave0°2923C0,and0°0913H,O. C=52°9; H=68, 
01834 , ,, » 0°1459 AgCl. Cl=19°7. 

C,,H,,0,N.,2HCl requires C=52°9; H=6-7; Cl=19°5 per cent. 

The diaurichloride crystallises from alcohol in circular grains, 
which effervesce at 223° (corr.) after beginning to decompose a few 
degrees below this temperature. It contains 14 molecular pro- 
portions of water of crystallisation, and is very sparingly soluble 
in water or alcohol : 


0°2800 air-dried salt lost 0°0077 at 100°. H,O=2°7. 
C,,H,.0,N.,2HAuCl,,14H,O requires H,O=2°7 per cent. 
0°2723 dried at 100° gave 0°1108 Au. Au=40°7. 
C,,H,.0,N.,2HAuCl, requires Au = 40°4 per cent. 


' Phenylchloroacetyltropeine, O,H,,*CHCl-CO,°C,H,,N. 


Twenty-five grams of phenylchloroacetyl chloride and 24 grams of 
tropine hydrochloride were heated together for two hours on the 
water-bath. The product was worked up in the usual manner, and the 
crude tropeine dissolved in acetone and neutralixed with hydrochloric 
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acid; 35 grams of pure phenylchloroacetyltropeine hydrochloride 
crystallised out, that is, 78 per cent. of the theoretical. 

The base was obtained as a viscous oil, which became granular when 
stirred with light petroleum, and proved to be very deliquescent. 

The hydrochloride crystallises from acetone in short, glistening 
needles, which melt at 205—206° (corr.). It is anhydrous, and is easily 
soluble in water or alcohol, but sparingly so in acetone : 

0:1610 gave 0°3440 CO, and 0:0926 H,O. C=583; H=6-4. 

01960 ,, (by Carius’ method) 01706 AgCl. Cl=21°5. 

C,,H,,.0,NCl1,HCl requires C=58'2 ; H=6:4; Cl=21°5 per cent. 

The aurichloride crystallises from absolute alcohol in large, irregular, 
golden grains, which melt at 148—149° (corr.). It is anhydrous, and 
is very sparingly soluble in cold water or alcohol : 

0°3112 gave 0°0970 Au. Au=31°2. 

C,,H,,0,NCl,HAuCl, requires Au=31°'1 per cent. 

The picrate crystallises from absolute alcohol in radial clusters of 
feathery needles, which melt at 203—204° (corr.). 

The methobromide separates from absolute alcohol as a microcrystal- 
line powder, which decomposes at 240—242° (corr.). It is easily 
soluble in water, but sparingly so in cold alcohol : 
0:1723air-dried salt gave 0°3339 CO, and 00918 H,O. C=52:9; H=6°0. 
C,,H,,O.NCI,CH,Br requires C= 52°5 ; H=6-0 per cent. 


Phenylaminoacetyltropeine, C,H,*CH(NH,)-CO,°C,H,,N. 

Twelve grams of phenylaminoacetic acid and 10 grams of tropine 
were subjected to the action of dry hydrogen chloride for twelve hours 
at 130—135°. The crude base, which was isolated in the usual 
manner, was converted into the hydrobromide, and this salt was crys- 
tallised from absolute alcohol. The yield of hydrobromide was 4 
grams, that is, 13 per cent. of the theoretical. 

The base did not crystallise. 

The dihydrobromide crystallises from absolute alcohol in clusters of 
short needles, which melt at 199° (corr.) to a viscous liquid. It is 
very deliquescent and easily soluble in water, giving an acid solution, 
but sparingly so in cold absolute alcohol : 

01874 dried at 100° gave 0°3070 CO,and0°0990 H,O. C=44:7;H=5°'9. 
01663 ,, * » O1430AgBr. Br=36°6. 

C,,H,,0,N,,2HBr requires C=44:0; H=5°6; Br=36°7 per cent. 

The dipicrate crystallises from absolute alcohol in microscopic 
needles, which decompose at 231° (corr.) : 

0°1832 gave 0°3084 CO, and 0:0646 H,O. C=45:9; H=4°0. 
C,,H,,0,N.,2C,H,0,N, requires C= 45°9 ; H =3°9 per cent, 
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Fumaroyltropeine, C,H,,N*CO,*CH:CH:-CO,°C,H,,N. 


Six grams of malic acid and 10 grams of tropine were subjected to 
the action of a stream of dry hydrogen chloride for eight hours at 
130—135°. The resulting gum was worked up in the usual manner, 
and the crude tropeine rendered crystalline by stirring with acetone, 
The yield amounted to 1'4 grams, that is, 11 per cent. of the 
theoretical. 

Fumaroyltropeine crystallises from acetone in large, monoclinic 
scales, which melt at 165—166° (corr.). It is very sparingly soluble 
in water or cold acetone, but easily so in alcohol : 


0°1345 gave 0°3268 CO, and 0:1049 H,O. C=663; H=8'8, 
C,)H,,0,N, requires C= 66:2; H =8-4 per cent. 


The hydrochloride crystallises from aqueous acetone in glistening 
plates, which do not decompose at 310° (corr.). It contains 2 mole- 
cules of water of crystallisation, and is easily soluble in water, but 
very sparingly so in absolute alcohol : 


0°1811 air-dried salt lost 0°0138 at 120°. H,O=7°6. 
C,,H,.0,N.,2HC1,2H,O requires H,O=7°6 per cent. 
0°1673 dried at 120° gave 0:1099 AgCl. Cl=16°2. 
C,,H,,0,N,,2HCl requires Cl=16°3 per cent. 


The hydriodide crystallises from water in hard clusters of plates, 
which melt at 283—285° (corr.). It contains 2 molecules of water of 
crystallisation, and is moderately easily soluble in water, but sparingly 
so in alcohol : 


0°1858 air-dried salt lost 0:0100 at 100°. H,O=5-4. 
C,,H3,0,N,,2H1,2H,O requires H,O =5°5 per cent. 
0°1758 dried at 100° gave 0°1331 AgI. I=40°9. 
C,,H,,0,N,,2HI requires I= 41:1 per cent. 


Tartryltropeine.* 


Seven grams of tartaric acid and 10 grams of tropine were 
subjected to a stream of dry hydrogen chloride for eight hours at 
130—135°. The resulting gum was worked up in the usual manner, 
and the crude base, on stirring with acetone, gave 2°3 grams of the 
pure tropeine, that is, 16 per cent. of the theoretical. 

Tartryltropeine crystallises from absolute alcohol in glistening 
prisms, which melt at 223—224° (corr.) ; it is somewhat sparingly 
soluble in water, and sparingly so in absolute alcohol : 


* Merck, Chem Centr., 1895, i, 434. 
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0:1534 gave 0°3388 CO, and 0:1124 H,O. C=60-2; H=8-2. 
C,,H,,0,N, requires C= 60°6 ; H =8:2 per cent. 

The hydrochloride crystallises from absolute alcohol in microscopic, 
glistening needles, which contain 3 molecules of water of crystal- 
lisation. After drying at 100°, this salt decomposes at 273° (corr.). 
It is easily soluble in water or hot alcohol : 

03509 lost 0°0345 at 100°. H,O=9°8. 

C.)»H,,0,N,,2HC1,3H,0 requires H,O = 10°3 per cent. 

01664 dried at 100° gave 0:1017 AgC). Cl=15:1. 

C,)H,,0,N.,2HCI requires Cl= 15-1 per cent. 

The sulphate is obtained in long needles by spontaneous evaporation 
of an aqueous solution. It contains one and a-half molecular propor- 
tions of water of crystallisation, and decomposes at 287° (corr.). It is 
easily soluble in water, but very sparingly so in hot alcohol : 

02015 air-dried salt lost 0°0112 at 100°. H,O=5°6. 

C.9H,,0,N,,H,SO,,14H,0 requires H,O = 5-2 per cent. 

0:1911 dried at 100° gave 0:0927 BaSO,. SO,=20°0. 

Co9H,.0,N.,H,SO, requires SO, = 19-4 per cent. 

The picrate crystallises from boiling water in round, yellow grains, 
which begin to turn brown at about 270°, and effervesce at 287° 
(corr.). 

Phenylcarbamotropeine. 


This hase was prepared by the method given by Petit and Polonowski 
(Bull. Soc. chim., 1893, [iii], 9, 1017) ; it melted at 171—172° (corr.) : 
Petit and Polonowski give 170°. 

The sulphate crystallises from water in radiating clusters of 
prismatic needles, which melt and decompose at 201° (corr.). It 
contains 4 molecules of water of crystallisation : 

0:2244 air-dried salt lost 0°0229 at 100°. H,O=10°2. 

(C,;H.,0,N.).,H,SO0,,4H,O requires H,O=10°4 per cent. 

0:1976 dried at 100° gave 0:0758 BaSO,. SO,=15°8. 

(C,;H50,N.o).,H SO, requires SO, = 15-5 per cent. 

The hydrochloride crystallises from aqueous alcohol in large, rect- 
angular plates, which melt at 289—290° (corr.) and are anhydrous: 

0:2160 air-dried salt gave 0°1036 AgCl. Cl=11°9. 

C,,H,,0,N,,HCl requires Cl=11°9 per cent. 

The aurichloride crystallises from water as an orange-red, crystalline 
powder, which melts at 188—189° (corr.) : 

0'1906 air-dried salt gave 0°0627 Au. Au=32°9. 

C,;,H,,O,N,,HAuCl, requires Au=32°8 per cent. 

The picrate crystallises from aqueous alcohol in glistening, yellow, 

monoclinic plates, which melt at 223—224° (corr.). 
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Benzoyltropeine.* 


This base was prepared by heating together benzoyl chloride and 
tropine hydrochloride for three hours on the water-bath ; the yield of 
pure hydrochloride amounted to 77 per cent. of the theoretical. The 
base was obtained by the action of sodium carbonate on an aqueous 
solution of the hydrochloride, and formed glistening plates, which 
melted at 58° (corr.), as stated by Ladenburg. 

The hydrochloride crystallises from absolute alcohol in _highly- 
refracting prisms, which melt at 275° (corr.). It is anhydrous, and is 
easily soluble in water, but sparingly so in absolute alcohol : 

01641 gave 0°3835 CO, and 0:1048 H,O. C=63'7; H=7°2. 

01502 ,, 0°0764 AgCl. Cl=12°6. 

C,;H,,0,N,HCI requires C= 63:9; H=7:2; Cl=12°6 per cent. 

The aurichloride crystallises from absolute alcohol in yellow, mono- 
clinic plates, which melt at 190—192° (corr.). It is anhydrous, and is 
insoluble in water, but sparingly so in cold alcohol : 

02253 gave 0:0758 Au. Au=33°6. 

C,,H,,0.N,HAuCl, requires Au =33°7 per cent. 

The picrate melts at 252—255° (corr.). 


Phenylacetyltropeine. 


This base was prepared by heating together on the water-bath 
phenylacetyl chloride and tropine hydrochloride ; the yield of pure 
product amounted to 40 per cent. of the theoretical. 

The base was precipitated as an oil on the addition of aqueous 
sodium carbonate to a solution of the sulphate, and did not crystallise 
on long standing in a vacuum desiccator over sulphuric acid. 

The sulphate crystallises from acetone in glistening leaflets, which 
appear under the microscope to be well-defined, monoclinic plates. It 
melts at 107—108° (corr.), and contains two and a-half molecular 
proportions of water of crystallisation. This salt is easily soluble in 
water and alcohol, but sparingly so in cold acetone : 

0:2675 air-dried salt lost 0-0186 at 100°. H,O=7°0. 

(C,,H,,0,N),,H,SO,,24H,O requires H,O=6°'8 per cent. 

01762 dried at 100° gave 0°4043 CO, and 0°1139 H,O. C=62°6; 

H=7:2. 

0°1914 dried at 100° gave 0°0722 BaSO,. SO,=15°5. 

(C,,H,,0,N),,H,SO, requires C =62°3 ; H=7'2 ; SO,=15°6 per cent. 

The aurichloride crystallises from absolute alcohol in monoclinic, 


* This tropeine aud those following it have been described by Ladenburg, 
Annalen, 1883, 217, 82. 
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hexagonal plates, which begin to sinter iat 167° and melt at 179° 
(corr.). It is anhydrous, and is sparingly soluble in water and 


alcohol. 
The picrate crystallises from alcohol in hard, yellow, glistening 


prisms, which melt at 170—171° (corr.). 


Cinnamoyltropeine. 


This compound was obtained in a yield of 74 per cent. of the 
theoretical by heating together equimolecular proportions of cinna- 
moyl chloride and tropine hydrochloride. It was also obtained in a 
yield of 40 per cent. of the theoretical by passing a stream of dry 
hydrogen chloride through tropine £-hydroxy-8-phenylpropionate 
at 125°. 

The base is obtained in glistening leaflets, melting at 45—46° 
(corr.), on the addition of aqueous sodium carbonate to a solution of 
a soluble salt, and crystallises from light petroleum in long, flat 
needles, which melt at the same temperature and contain one 
molecule of water of crystallisation. The water is readily removed 
in a vacuum over sulphuric acid, and the anhydrous base then melts 
at 36—37° (corr.).* It is insoluble in water, but easily soluble in 
the usual organic solvents : 

01104 air-dried substance gave 0°2846 CO, and 0:0758 H,O, 

C=703; H=7°7. 
05555 air-dried substance lost 0°0324 in a vacuum over H,SO,. 
H,0=5'8. 
C,,H,,0,N,H,O requires C=70°5; H=8-0; H,O=6:2 per cent. 
01526, dried in a desiccator, gave 0°4205 CO, and 0°1063 H,0. 
C=75:1; H=7°8. 
C,,H,,0,N requires C=75'2 ; H=7'8 per cent. 

The hydrochloride crystallises from either water or ethyl acetate in 
long, white needles, which melt and decompose at 272° (corr.). It 
contains rather more than 1} molecular proportions of water of 
crystallisation, and is somewhat sparingly soluble in water or ethy!] 
acetate, but easily so in alcohol : 

0°2081 air-dried salt lost 0°0190 at 100°. H,O=9-1. 

C,,H,,0,N,HC1,14H,O requires H,O= 8:1 per cent. 
0°1510 dried at 100° gave 0:0689 AgCl. Cl=11°3. 
C,,H,,0,N,HCl requires C] = 11-5 per cent. 

The hydrobromide crystallises from ethyl acetate in long, glistening 
needles, which melt at 254—255° (corr.). It contains a somewhat 
variable proportion of water of crystallisation, representing about 


* Ladenburg has described this base as small leaflets, which melt at 70° and are 
anhydrous, 
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13 molecular proportions, and is sparingly soluble in water or ethy] 
acetate : 

0°2161 air-dried salt lost 0-0139 at 100°. H,O=6°4. 

O°3743 . » » +» 0°0295 ,, 100° H,O=7°9. 

C,,H,,0O,.N,HBr,1}H,O requires H,O=7°1 per cent. 
0:1511 dried at 100° gave 0°3222 CO, and 0:0843 H,O. C=581, 
H=6°2. 

0:2022 dried at 100° gave 0:1066 AgBr. Br=22°4. 

C,,H,,0,N,HBr requires C=57°9; H=6°3 ; Br=22°7 per cent, 

The sulphate crystallises from ethyl acetate in irregular plates, 
which melt at 227—229° (corr.). It contains 5 molecules of water of 
crystallisation, and is moderately easily soluble in water : 


0°3207 air-dried salt lost 0:0394 at 100°. H,O=12°3. 

_ (C\,H,;0,N).,H,SO0,,5H,0 requires H,O = 12-3 per cent. 

01890 dried at 100° gave 0:0698 BaSO,. SO,=15-2. 

(C,,H,,0,N),,H,SO, requires SO,= 15-0 per cent. 

The aurichloride crystallises from alcohol in fern-like clusters of 
yellow plates, which melt at 174—175° (corr.). 

The picrate crystallises from alcohol in short, yellow needles, which 
melt at 244—7245° (corr.). 

The methobromide crystallises from ethyl acetate in glistening 
leaflets, which melt and decompose at 288—291° (corr.). It is 
anhydrous, and is very easily soluble in water, but sparingly so in 
alcohol : 

02019 gave 0°1041 AgBr. Br=21°9. 

C,,H,,0O.N,CH,Br requires Br = 21°8 per cent. 


Phthaloyltropeine. 


This compound was prepared by heating together at 130°, for three 
hours, one molecule of phthaloyl chloride and two molecules of tropine 
hydrochloride; the yield of pure product, weighed as sulphate, 
amounted to about 40 per cent. of the theoretical. 

The base crystallises from ether in fine, glistening needles, which 
melt at 67—68° (corr. ).* 

The sulphate is obtained on the addition of acetone to an absolute 
alcoholic solution in short, glistening needles, which decompose at 
160—165° (corr.). It is deliquescent, and very easily soluble in 
water or alcohol : 

0°1375 dried at 100° gave 0°2838 CO, and 0:0810 H,O. C=56:3; 

H=6'6. 


* Ladenburg gives m. p. 70°. 
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0:2035 dried at 100° gave 0:0951 BaSO,. SO,=19°2. 
C,,H3,0,N>,H,SO, requires C= 564; H=6°7 ; SO,=18'8 per cent. 

The hydriodide crystallises from water in long needles, which 
contain 4 molecules of water of crystallisation. After drying at 100°, 
this salt commences to sinter at about 205° (corr.) and gradually 
becomes transparent. It is somewhat sparingly soluble in water and 
sparingly so in alcohol : 

0:2898 air-dried salt lost 0°0273 at 100°. H,O=9°4. 

C,,H3,0,N,,2H1,4H,O requires H,O=9°7 per cent. 

0:2625 dried at 100° gave 0:1822 Agi. I=37°5. 

C,,H,,0,N,,2HI requires I = 38-0 per cent. 

The aurichloride crystallises from dilute alcohol in long, diamond- 
shaped plates, which contain 3 molecules of water of crystallisation and 
melt at 110—113° (corr.) ; it is sparingly soluble in water or absolute 
alcohol, but more easily so in dilute alcohol : 

0:2921 air-dried salt lost 0°0136 at 110°. H,O=4-7. 

C,,H,.0,N,,2HAuCl,,3H,O requires H,O=4°7 per cent. 

02785 dried at 110° gave 0°1011 Au. Au=36°3. 

C,,H,,0,N,,2HAuCl, requires Au= 36:1 per cent. 


o-Hydroxybenzoyltropeine. 


This base was prepared by passing dry hydrogen chloride through 
tropine salicylate for fifteen hours at 130—135°; the yield of pure 
base amounted to 16 per cent. of the theoretical. 

o Hydroxybenzoyltropeine melts at 61—63° (corr.): * 

The hydrochloride crystallises from absolute alcohol in prismatic 
needles, which melt at 267° (corr.) and contain half a molecular pro- 
portion of water of crystallisation. It is easily soluble in water,? but 
somewhat sparingly so in alcohol : 


0°2133 air-dried salt lost 0°0058 at 100°. H,O=2°7. 
C,,H,,0,N,HCl,3H,O requires H,O = 2°9 per cent. 
0°2065 dried at 100° gave 0°0968 AgCl. Cl=11°6. 
C,;H,,0,N,HCl requires Cl = 11°9 per cent. 

The hydrogen sulphate crystallises from absolute alcohol in prismatic 
needles, which melt at 254° (corr.). It is anhydrous, and is easily 
soluble in water, but sparingly so in alcohol : 

01528 gave 0:2804 CO, and 0:0832 H,O. C=50:1; H=6'1 

01582 ,, 0:1040 BaSO,. SO,= 27-0. 

C,;H,,0,N,H,SO, requires C=50°1 ; H=5-9 ; SO, = 26°7 per cent, 


* Ladenburg gives 58—60°. 
t Ladenburg states that this salt is not easily soluble in water. 
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The aurichloride crystallises from dilute alcohol in golden needles, 
which decompose at 222° (corr.). 


m-Hydroxybenzoyltropeine. 


This base was prepared by passing dry hydrogen chloride through 
tropine m-hydroxybenzoate for eight hours at 130—135°; the yield of 
pure base amounted to 43 per cent. of the theoretical. 

The base melts at 233—234° (corr.).* 

The hydrochloride crystallises from absolute alcohol in prismatic 
needles, which decompose at 304° (corr.). 

The hydriodide crystallises from water in long, stout needles, which 
melt and decompose at 248° (corr.), but begin to sinter at 244°. It is 
anhydrous, and is sparingly soluble in cold water or alcohol : 

0°1418 gave 0°2412 CO, and 00658 H,O. C=464; H=5:2, 

01560 ,, 0:0937 Agl I=32°5. 

C,;,H,,0,N,HI requires C= 46°3 ; H=5:2; [=32°6 per cent. 


p-Hydroxybenzoyltropeine. 


This base was prepared by passing dry hydrogen chloride through 
tropine j-hydroxybenzoate for four hours at 130—135° ; the yield of 
pure base amounted to 28 per cent. of the theoretical. 

The base crystallises from absolute alcohol in clusters of plates, 
which melt and decompose at 232— 233° (corr.).t 

The hydrochloride crystallises from water in monoclinic plates, which 
decompose at 315° (corr.). It is anhydrous, and moderately easily 
soluble in water, but sparingly so in absolute alcohol : 

0°1529 gave 0°3395 CO, and 0:0920 H,O. C=605; H=6°7. 

01606 ,, 00778 AgCl. Cl=12°0. 

C,,H,,0,N,HCl requires C=60°5 ; H=6°8 ; Cl =11°9 per cent. 

The aurichloride crystallises from dilute alcohol in clusters of yellow 
plates, which decompose at 222° (corr.). It is very sparingly soluble 
in water, but moderately easily so in dilute alcohol : 

0°2526 gave 00825 Au. Au=32°7, 

C,,H,,0,N,HAuCl, requires Au = 32°8 per cent. 


The picrate crystallises from alcohol in yellow, monoclinic leaflets, 
which melt at 235—237° (corr.). 


THE WELLCOME CHEMICAL WORKS, 
DARTFORD, KENT. 


* Ladenburg gives m. p. 226°, + Ladenburg gives m., p. 227°, 
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OXVII.—Syntheses with Phenol Derivatives containing a 
Mobile Nitro-group. Part II. The Interaction of 
2:3:5-Trinitro-4-acetylaminophenol and Amines 
(continued). 

By RapHarL Mexpora, F.R.S., and James Gorpon Hay, A.C. 


lr was shown in our last communication on this subject (Trans., 1908, 
93, 1659) that the above trinitro-compound readily undergoes con- 
densation with primary amines with the formation of catenation 
products of the nature of substituted diarylamines, which then give 
rise to iminazoles by the usual process of ring formation. As tri- 
nitroacetylaminophenoi is the most readily prepared of the various 
polynitro-compounds containing a mobile nitro-group, we have con 
tinued our experiments with this substance, with the object of 
ascertaining whether the reaction is a perfectly general one, or 
whether the character and position of the substituents in the aromatic 
nucleus of the primary amine influences the rate of decomposition as 
determined by the yield of iminazole in a given time. The amines 
formerly employed, namely, the chloroanilines, nitroanilines, anisidines, 
and the homologues of aniline, made it evident that the substituents, 
Cl, NO,, O-CH,, CH,, exerted no retarding influence when in the 
meta- or para-position, but that in the ortho-position a marked 
protective (steric) influence was manifest, the inhibition in the case of 
the nitro-group being absolute. The extension of the research to 
other substituted primary amines has confirmed this conclusion, and 
has also revealed the fact that basic substituents, such as NH,, 
N(CH,),, ete., act very unfavourably. Thus, good results have been 
obtained with the bromoanilines, aminophenols, aminobenzoic acids, 
acetyl-p-phenylenediamine, sulphanilic acid, and p-aminoacetophenone. 
Where sets of isomerides have been studied quantitatively, the steric 
hindrance exerted by the ortho-substituent has again become evident, 
as shown by the tables given below. No iminazole formation has 
been observed with m- and p-phenylenediamine or with dimethyl-p- 
phenylenediamine, Thus the substituents, Br, OH, CO,H, NHAc, 
80,H, CO-CH,, belong to the same category as those contained in the 
amines previously investigated, the production of iminazoles taking 
place readily when the substituents are in the meta- or para-position, 
and less readily when in the ortho-position. The negative results 
with amines containing a basic substituent are of special interest ; the 
trinitro-compound is readily decomposed by these amines with the 
elimination of the nitro-group, but no catenation occurs, and neither 
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diarylamines nor iminazoles are formed. The ortho-diamines have not 
yet been investigated, as it is not unlikely that in these cases the 
reaction may take a different course. In the case of heteronucleal 
basic substituents the deterrent action of the substituent is not go 
marked, since benzidine and tolidine give definite products, although 
the yield is not very good. Aminoazobenzene does not form an 
iminazole under the usual conditions. 

A general comparison of the results obtained in this and the 
previous papers (Trans., 1906, 89, 1935 ; also the last paper referred 
to above) brings out the fact that mixed arylalkylamines of type I 
are less ready to ‘“‘anhydridise” than diarylamines of type II. 


OH OH 
( wo, / NNO, 
NO,| /NHAIk No, JNHA 
ret \ F 
NH-CO-CH, NH-CO-CH, 


(I.) (II.) 

This is shown by the circumstance that when such amines as ethyl- 
amine or benzylamine react with the trinitro-compound, the inter- 
mediate product can be isolated, whereas aromatic amines pass at once 
and toa preponderating extent into the iminazole stage. That the 
velocity of iminazole formation is dependent on the nature and not on 
the weight of the radicle attached to the NH,-group is proved by the 
similar behaviour of ethyl and benzyl having the relative weights 
29 and 91. 

The “ protecting ” influence of the substituents shown by the sets of 
isomerides given in the subjoined: tables has been determined 
quantitatively by the method described in our last paper. It is 
unnecessary to repeat the description of this method here, although 
each set of crude iminazoles has required special treatment in order to 
estimate the actual quantity of the pure iminazole formed. The 
details of purification are given in the experimental part. Only those 
sets are now given which we have proved to our satisfaction to give 
dependable quantitative results, Although several other amines than 
those specified below have been included in our experiments, we do not 
attach the same weight to the results from the quantitative standpoint 
on account of the difficulty of separating the iminazole from the 
associated secondary products. For the sake of comparison we again 
give Wedekind’s results with picryl chloride so far as this investigator's 
experiments have been extended to the same amines as those employed 
by us. The numbers, as before, indicate the percentage of yield 
calculated with reference to that theoretically obtainable, 
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Bromoanilines, Chloroanilines, 


Ortho: (I) 87°9; (II) 8874. 
Mean (corrected for solubility and anhydridisation), 88°15 79°0 


Meta: (I) 90°2; (II) 90-1. 
Mean (corrected for solubility and anhydridisation), 90°15 80°6 


Para: (1) 91°3; (II) 95:1. 
Mean (corrected for solubility and anhydridisation), 93:2 88°74 


Wedekind does not appear to have studied the interaction of picryl 
chloride and the bromoanilines. The most interesting and possibly 
important result brought out by this series of determinations is that 
in the same time, the bromoanilines, while preserving the same order, 
give a better yield than the corresponding chloroanilines, the numbers 
for which are taken from our last paper and given for comparison. 
We are inclined to attribute this result to the more strongly negative 
character of the chlorine atom, but further experiments will be 
necessary to establish this point. The results as they stand indicate 
that the weight (or size) of the halogen atom is not the cause of the 
protecting influence in the ortho-position, since the heavier atom, 
bromine, affords less protection than chlorine. 


Aminobenzoic Acids. 
A, B. Wedekind. 


Ortho: (I) 89°1 ; (iI) 87°8; (III) 86:2. 
Mean (corrected for solubility and anhydridisation) 87°7 72°0 847 


Meta: (I) 107°6 ; (II) 105-1; (III) 106-2. 

Mean (corrected for solubility and anhydridisation) 106°3 101°9 84°7 
Para: (I) 108°6 ; (II) 109°3 ; (III) 108-2. 

Mean (corrected for solubility and anhydridisation) 108°7 103°9 97:9 

In this series much difficulty was experienced in finding a suitable 

method of purification. The secondary products are, like the 
iminazoles, phenolic (acidic) in character, and therefore not com- 
pletely removed by the alkaline treatment, a fact which accounts for 
the yield being higher in the case of the meta- and para-compounds 
than that required by theory. The numbers, although high, are, 
however, fairly comparable among themselves (A). Another series 
(B) gives the yields obtained after the alkaline treatment, followed 
by the precipitation of the iminazole as a silver salt, the latter being 
dried and weighed. Although the yields are less by this method, the 
same order is retained. 


Aminophenols. 
Ww. 
Ortho: (I) 86°8 ; (II) 86°5. Mean (corrected for solubility, an- 
hydridisation, and by sulphonation)  ..............0.c0cceeee cee ees 58°03 
Meta: (I) 94°9 ; (II) 99°5. Mean (corrected for solubility, an- 
hydridisation, and for loss of weight on sulphonation) ..... ... 94°4 86—88 


Para: (I) 57°6 ; (11) 59°3 ; (III) 60°8 ; (IV) 60°2. Mean (corrected 
for solubility, anhydridisation, and for loss of weight on sul- 
PICU Foocc55s.ccokcont asus nectecgiercaseibascvesssds akancna<sésencata 55°8 97—98 
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In this series the alkaline treatment leaves practically no residue, 
the whole product being phenolic. It was found that by heating 
with concentrated sulphuric acid all these iminazoles could be 
sulphonated, the impurities being thus removed. In the case of the 
ortho-compound, the crystalline sulphonic acid was collected and 
weighed, and the yield calculated from the weight of acid after 
correcting for the solubility of the latter. In the case of the meta- 
and para-compounds, the impurity was collected and weighed directly, 
as the sulphonic acids were too soluble to be dealt with for quantitative 


purposes. 


Naphthylamines. 
W. 


a: (I) 98°3 ; (II) 98°3. 
Mean (corrected for solubility and anhydridisation) 98°3 Almost quantitative 


B: (I) 98°2; (II) 99°8. 
Mean (corrected for solubility and anhydridisation) 99-0 Not given 

The chief point of interest brought out by these and the previously- 
published quantitative results is that in amines containing the groups 
O-CH, and OH the para-position of the substituent is also unfavour- 
able to catenation, the degree of inhibition in the case of the hydroxyl 
group being even greater for the para- than for the ortho-position. It 
is evident that in these cases some influence other than “ steric 
hindrance” determines the rate of condensation, and that the mobile 
nitro-group has a specific action differing from that of the chlorine 
atom of picryl chloride. This appears from a comparison of our 
results with Wedekind’s, which are normal from the “steric” point 
of view for all the isomeric amines investigated by him with the 
exception of the nitroanilines, in which series he finds that the meta- 
compound gives the highest yield. 

The results of all the determinations are summarised below, the 
prefixes 0, m, and p indicating the isomeride being placed in the 
ascending order of yield : 


Trinitroacetyl- 
aminophenol. Picryl chloride. 


Chloroanilines 0- M- p- 0- M- p- 
Bromoanilines 0- M- p- — 
Nitroanilines 0- M- p- 0- p- m- 
Aminophenols p- 0- m- (2) m- p- 
Anisidines 0- p- M- — 

0- M- p- {o- m-} p- 


According to Menschutkin (Ber., 1897, 30, 2775, 2966 ; J. Russ. 
Phys. Chem. Soc., 1897, 29, 444), allyl bromide reacts with the chloro- 
anilines in the same order, namely, o (9), m (23), p (34). Although, 
as stated in our last paper, the substituted amines containing the 
CH,-group, that is, the homologues of aniline, do not give such definite 
quantitative results as those containing acid radicles, the following 
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average numbers previously obtained for o- and p-toluidine compared 
with that now obtained for mesidine bring out the influence of the 
position of the CH,-group very clearly. The numbers given by 
j-cumidine are unfortunately too irregular to be included : 

o-Toluidine (71—72) ; p-Toluidine (87—88) ; Mesidine, (50). 


Experiments with Secondary Amines with reference to Steric 
Hindrance. 


Our object in extending the research in this direction was primarily 
to ascertain whether the length of the chain of atoms influenced the 
rate of catenation, as might have been expected from Bischoff’s 
“dynamic hypothesis” (Trans., 1908, 93, 1665). We had previously 
found that dimethylamine and piperidine gave positive results, while 
methylaniline, diphenylamine, benzylaniline, and carbazole were 
without action under any conditions. A continuation of the experi- 
ments with the homologues of dimethylamine has revealed the unex- 
pected fact that these also are without action on the trinitro-compound 
under any conditions, With dimethylamine and piperidine the reaction 
takes place quite readily, and with excellent yields when the materials 
are simply boiled together in alcoholic solution in the usual way. No 
condensation takes place with diethylamine, dipropylamine, ditso- 
butylamine, or diamylamine, either in alcoholic solution or when the 
trinitro-compound is heated with an excess of the dialkylamine 
without any diluent. Under no conditions is there any action 
beyond the formation of a salt, or, if the solution is overheated, com- 
plete decomposition of the trinitro-compound. On the other hand, 
when catenation does take place, as with dimethylamine and piperidine, 
the products are definite and extremely stable. 

The negative results given by all the homologous dialkylamines 
above dimethylamine suggest an interesting extension of the ordinary 
“steric” hypothesis. Taking from the benzene nucleus of the trinitro- 
compound only the carbon atoms 2, 3, and 4, with their attached 
radicles which are concerned in the reactions under investigation, it 
will be seen that with diethylamine there is no reason to expect 
complete inhibition, since the longest chain contains four atoms, and 
does not therefore offer any critical position : 

(2) :C-NO, -C-NO, -C-NO, 

CH, C,H; C,H, 
(3) -C-N-CH,  O-N-CH,CH, C-N-CH,-CH,°CH, 
(4) {G-NHAc  :0-NHAc :0-NHAc 
Dimethylamine Diethylamine Dipropylamine 
compound. compound. compound, 
Chain : CN" C(=8). Chain: C° N° C°C (=4). Chain : C*N*C*C°C (=5). 
3 Y¥ 2 
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According to the current hypothesis, as shown by the above formule, 
the influence of steric hindrance should commence to make itself felt 
only from dipropylamine upwards. Since diethylamine is also without 
action, it may be suggested that it is the actual size of the radicles 
attached to the nitrogen atom which finally determine the process of 
catenation or its prevention. The mobile nitro-group (attached to 
C-atom No. 3) is already protected on both sides by the NO,-group of 
No, 2 and the NHAc-group of No. 4. Any reacting molecule in order 
to be capable of coming within the sphere of influence of this nitro- 
group must therefore be of sufficient size to pass between the two 
protecting ortho-groups ; if this size is exceeded, no action would take 
place. Thus, representing the nitrogen atom with its three bonds in 
one plane, an assumption in accordance with the known stereo- 
chemical character of this atom in its tervalent condition, the 
secondary amines : 


iv. 1. ACH 
CH, AH; CHyCH OH,-CH, HC \ CH, 


\y/ il 


| | | 
H H H 


may be supposed to present the critical minimum in the grouping 


N<G of dimethylamine, which, by the addition of two carbon atoms 


on passing into the grouping a 4 of diethylamine, becomes too 


large to be effective. In piperidine the configuration must be sup- 
posed to be the same as in dimethylamine, hence its reactivity. This 
suggestion, although based on a purely mechanical conception, appears 
to account for the remarkable inertness of the higher secondary 
amines towards a compound of such great reactivity as trinitroacetyl- 
aminophenol. At any rate, as a working hypothesis, it may be found 
useful as a stimulus to further experimental work. We have not 
been able to find any close analogy with other compounds containing 
mobile radicles, but little work has as yet been done in this direction 
from this particular point of view. The results of Bischoff’s experi- 
ments on catenation between the esters of the a-bromo-fatty acids 
and the amines (Stewart’s Stereochemistry, pp. 364 et seg.) may perhaps 
be regarded as presenting a certain analogy to ours, since the mobile 
atom, Br, in this case is also protected by two neighbouring 
radicles : 
C:(H and CH, or C,H;) 
H-C:Br 
CoO-0-0,H, 

It is noteworthy that the yield of catenation product diminishes 

considerably with secondary amines, more especially when the radicles 
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associated with the nitrogen atom and the 8-carbon atom are of a high 
order of complexity. With a-bromoisovaleric ester and secondary 
amines there is practically no reaction, excepting in the case of 


piperidine. 

Wedekind’s experiments with picryl chloride, as we have already 
pointed out,* are not strictly comparable with ours, as the extremely 
negative chlorine atom appears to be capable of overcoming steric 
protection in cases where the mobile nitro-group fails, as with methyl- 
aniline and benzylaniline. The velocity of the reaction between picryl 
chloride and secondary amines seems a promising subject of investiga- 
tin from this point of view. The 2:3: 4-trinitroanisole, recently 
described by Blanksma (Chem. Weekblad, 1909, 6, 85), contains a 
mobile nitro-group in position 3, but the interaction of this compound 
and secondary amines has not yet been studied. 


EXPERIMENTAL. 


No modification in the method of determining the yield of iminazole 
or in the process of forming the latter from the interacting materials 
has been found necessary. In the following description of the 
iminazoles prepared in the course of the present investigation, the 
atoms composing the iminazole ring have been numbered in the same 
order as before : 


The Bromoaniline Series. 


This series presented no special difficulties of manipulation, and the 
quantitative results were obtained quite readily, and, we believe, with 
great accuracy. Only in the case of the ortho-compound was there any 
considerable quantity of secondary product formed, but this was 
completely removed by two successive extractions with dilute sodium 
hydroxide solution in the way described in our previous paper (oc. cit., 
p. 1669). 


* We stated in our last paper (Joc. cit., p. 1666, footnote) that Wedekind’s 
materials were heated in sealed tubes to bring about catenation. On re-reading his 
paper we find, however, that his experiments were carried out in the same way as 
ours, namely, in alcoholic solution, under ordinary pressure, in a reflux apparatus, 
Our results, so far as concerns experimental conditions, are therefore comparable, 
excepting with regard to time, Wedekind stopping the reaction at the end of one 
hour. He does not state the quantity of solvent used. 
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Dinitrohydroxy-1-o-bromophenylmethylbenziminazole. 


From the trinitro-compound and o-bromoaniline. After crystallisa- 
tion from alcohol and glacial acetic acid, the compound consists of pale 
yellow needles of m. p. 184°. The crystals tend to retain acetic acid 
when this solvent is used, and must be well dried at 100° for 
analysis : 

0°2466 gave 29°8 c.c. N, (moist) at 10° and 749°5 mm. N=14:27, 

C,,H,O,N,Br requires N = 14°25 per cent. 


Dinitrohydroxy-1-m-bromophenylmethylbenziminazole. 


Prepared as before from m-bromoaniline. The compound crystal- 
lises from acetic acid or from alcohol as an ochreous, microcrystalline 
powder ; m. p. 211° with decomposition : 

0°1870 gave 21°8 c.c. N, (moist) at 85° and 767°4 mm. N=14-20, 

C,,H,O;N,Br requires N = 14-25 per cent. 

This compound is practically insoluble in cold water, and was 
recovered quantitatively from its alkaline solution on acidifying, so 
that no correction for solubility was required, 


Dinitrohydroaxy-1-p-bromophenyl methylbenziminazole, 


From the trinitro-compound and p-bromoaniline. The compound is 
but sparingly soluble in alcohol, more readily in acetic acid. From 
alcohol it separates in lustrous, ochreous scales; m. p. (with 
decomposition) 248° : 

0°1272 gave 15:2 c.c. N, (moist) at 12° and 762 mm. N=14:22. 

C,,H,O,N,Br requires N = 14-25 per cent. 

This iminazole is also practically insoluble in water. 


The Aminobenzoic Acid Series. 


The secondary products formed in the synthesis of the iminazoles 
of this series are, as already stated, difficult to separate from the 
iminazoles, and several methods of purification were tried before 
satisfactory quantitative results could be obtained. As all these 
iminazoles crystallise well from alcohol and from acetic acid, attempts 
were made to separate the pure iminazole by crystallisation from these 
solvents, The weight of the iminazole thus obtained showed, however, 
such a serious loss in all cases as compared with the total weight of 
crude product obtained after the alkaline treatment, that it was 
evident that the loss was due, not to mere solubility in the pure 
solvent, but to solubility of the iminazole in a solution of the secondary 
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product in alcohol or acetic acid. The method of purification by 
crystallisation was therefore abandoned for quantitative purposes, and 
the ordinary alkaline treatment adopted. As the yields thus obtained 
were somewhat higher than theoretically admissible, experiments were 
made with the object of finding some salt sufficiently insoluble to be 
precipitated from an aqueous solution. The silver salts, prepared as 
described below, were found suitable for this purpose, and the corrected 
results thus obtained are given together with those obtained by 
alkaline purification only. We believe that both series of figures 
accurately express the relative yields of the three isomerides within 
the limits of error due to the method; as representations of the 
absolute yield, the results given by the silver salts are probably nearer 


the truth. 


Dinitrohydroxy-1-0-carboxyphenylmethylbenziminazole. 


From the trinitro-compound and anthranilic acid; crystallises from 
alcohol in two forms, ochreous scales and needles, both having the 
melting point 253°: 

01772 gave 0327 CO, and 0:0444 H,O. C=50:23; H=2°78. 

01787 ,, 23:5 c.c. N, (moist) at 13° and 765 mm. N=15-64. 

C,,H,,0,N, requires C=50°:24; H=2°81 ; N=15°67 per cent. 

The silver salt was prepared by adding a solution of silver nitrate 
to a solution of the ammonium salt of the iminazole from which excess 
of ammonia had been expelled by boiling. As there are two acidic 
hydrogen atoms in this compound, it was in the first place necessary 
to ascertain whether the salt contained one or two atoms of silver, 
and also how far the insolubility of the salt rendered it suitable 
for quantitative purposes : 

1 gram iminazole gave 1:564 silver salt; the formula for a di-silver 

salt requires a yield of 1°597. 

The salt is precipitated as a bright red powder, which, when dry, 
deflagrates strongly on heating, and is therefore somewhat difficult 
to analyse : 

0:05 gave 4:15 c.c. N, (moist) at 15°5° and 765mm, N-=9-76. 

0:2344 ,, 00877 Ag=37°42. 

C,;H,0,N,Ag, requires N=9'81 ; Ag= 37°79 per cent. 

The iminazoles of this series have all the properties of mixed 
phenols and carboxylic acids, and can be converted into esters by 
the usual methods. 

Ethyl Ester.—Prepared by boiling the iminazole with absolute 
alcohol and a few drops of sulphuric acid for some hours in a reflux 
apparatus. Bright yellow needles from alcohol; m., p, 216°; 
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0058 gave 7°1 c.c. N, (moist) at 15° and 770 mm. N=14'53, 
C,,H,,0,N, requires N = 14°54 per cent. 


Dinitrohydroxy-1-m-carboxyphenylmethylbenziminazole, 


From the trinitro-compound and m-aminobenzoic acid ; crystallises 
from glacial acetic acid as an ochreous, microcrystalline powder, 
or from alcohol, in which it is less soluble, in flat, ochreous needles ; 
m. p. 273°: 

01140 gave 0°2127 CO, and 0:030 H,O. C=50°88; H=2:92. 

0-1059 ,, 13°85 c.c. N, (moist) at 13° and 757°2 mm. N=15r4, 

C,;H,,0,N, requires C=50°24; H=2°81; N=15°67 per cent, 

Silver Salt.—Prepared as above ; a bright red powder : 

0°371 iminazole gave 0°581 Ag salt. Calculated for di-silver salt, 0°592, 

0'1550 Ag salt ,, 0°0581 Ag=37'5. Di-silver salt requires 

Ag =37°79 per cent. 

Ethyl Hster.—Prepared as before; crystallises from alcohol in 
small, ochreous needles ; m. p. 146°: 

0°1024 gave 12°8 c.c. N, (moist) at 12° and 745°3 mm. N=14‘55, 

C,,H,,0;N, requires N = 14°54 per cent. 


Dinitrohydroxy-\-p-carboxyphenylmethylbenziminazole. 


From the trinitro-compound and p-aminobenzoic acid. Crystallises 
from glacial acetic acid in small, ochreous scales, or from alcohol, in 
which it is but sparingly soluble, as a pale, ochreous, microcrystalline 
powder. The compound chars and decomposes at 283—284°: 

0°0814 gave 10°9 c.c. N, (moist) at 16° and 768°6 mm. N=15°7. 

©,;H,,0,N, requires N = 15-67 per cent. 

Silver Salt.—Prepared as before ; bright red powder : 

0265 iminazole gave 0°403 silver salt. C,,H,O,N,Ag, requires a 

yield of 0°422 gram. 

0°1280 gave 0°0482 Ag=37°66. The above formula requires 

Ag = 37°79 per cent. 

Ethyl Ester.—Prepared as before. It appears that this modification 
requires a longer time for esterification than the isomerides, but this 
point requires further quantitative investigation. The ester dissolves 
with difficulty in alcohol, and crystallises in scales or needles of a pale 
ochreous colour. Both forms melt and decompose at 242°: 

0058 gave 7:1 c.c. N, (moist) at 13° and 7665 mm. N=14°59, 

C,,H,,0,N, requires N = 1454 per cent, 
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The Aminophenol Series. 


The methods of purification found most effective in this series have 
already been described. Owing to the circumstance that these 
jminazoles separate more slowly from the acidified alcoholic. solution 
after dilution with water on completion of the reaction, it was found 
necessary to modify the quantitative method described in our last 
paper (loc. cit., p. 1669) by adding a larger volume of hydrochloric acid 
(20 c.c. instead of 10 c.c. strong acid) and of water (400 c.c. instead 
of 200 c.c.). In other respects the process was unchanged. A point 
of special interest had to be considered in connexion with o-amino- 
phenol. Supposing catenation to take place with this compound 
in the usual way, the product (I) might undergo further condensation 
in two ways. 

OH 
f No, HO’ 
NO F ste H—- 
NH-CO-CH, 
(I.) 


If ordinary iminazole formation occurred, the product would have 
the above formula (II). It has been shown, however, by Turpin 
(Trans., 1891, 59, 722) that the product obtained from picryl chloride 
and o-aminophenol on heating with alkali loses nitrous acid and 
undergoes conversion into an oxazine. It was thus possible that 
instead of obtaining the expected iminazole we might have obtained 
the substituted oxazine (III), or a mixture of both compounds. A 
compound of mixed type, 


is also conceivable. As will be seen from the results, it appears, 
however, that the iminazole condensation is predominant; no 
compound of the nature of an oxazine is formed. 
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Dinitrohydroxy-1-o-hydroxyphenylmethylbenziminazole, 


From the trinitro-compound and o-aminophenol. The compound 
was purified by repeated crystallisation from dilute alcohol, with the 
addition of animal charcoal, and consisted of flat, pale ochreous 
needles, readily soluble in alcohol, and melting at 243—244°: 

0:0904 gave 0:1685 CO, and 0:0267 H,O. C=50°83; H=3-27, 

00941 ,, 01742 CO, ,, 0:0279 H,O. C=50°51; H=3-29, 

00668 ,, 97 cc. N, (moist) at 16° andé762 mm. N=16-97, 

C,,H,,O,N, requires C=50°87 ; H=3:11; N=17-0 per cent, 


Diacetyl Derivative-—As it had been previously observed that the 
iminazoles synthesised by means of the trinitro-compound readily 
acetylated on boiling with acetic anhydride, the ortho-nitro-group 
in the circumstances exerting but little protective action, it 
became of interest to study the products of acetylation in the present 
series, the members of which contain two (heteronucleal) hydroxyls. 
The product obtained by boiling the present iminazole with acetic 
anhydride for two hours, after crystallisation from alcohol with animal 
charcoal, consisted of pale ochreous needles, m. p. 165°. Analysis 
indicated that both hydroxyls had been acetylated : 


00608 gave 7°15 c.c. N, (moist) at 95° and 745°3 mm. N=13-48, 
C,,H,,0,N, requires N = 13°55 per cent. 

Sulphonic Acid.—In the course of experiments having for their 
object the anhydridisation of the crude iminazole by heating with 
sulphuric acid, it was found that sulphonation took place quite readily 
both with this compound and its isomerides. The presence of 
hydroxyl in the V-phenyl group facilitates the entry of the sulphonic 
and nitro-groups, etc., to a remarkable degree when compared with the 
inertness of the unsubstituted iminazoles. 

In order to prepare the sulphonic acid, the iminazole is dissolved in 
concentrated sulphuric acid and heated for an hour on the water-bath. 
On pouring into water, the sulphonic acid is slowly deposited in 
a crystalline form, and can be purified by dissolving in dilute alkali, 
filtering the solution, and precipitating by hydrochloric acid. The 
compound is thus obtained as scaly crystals of an ochreous colour, 
decomposing above 300°. When heated in a dry tube, it decomposes 
almost explosively : 

0°1548 gave 16°8 c.c. N, (moist) at 10° and 761 mm. N=13-01. 

03674 ,, 0°2122 BaSO,. S=7°91. 

The monosulphonic acid, C,,H,O,N,-HSO,, requires N=13-66; 
S=7°81 per cent. 


The acid is not very soluble in cold water (0°018 gram in 170 c.¢,); 
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and, as the secondary products associated with the iminazole are 
converted by the action of concentrated sulphuric acid into compounds 
which are readily removed from the crystalline sulphonic acid by 
washing the latter with cold water, advantage was taken of this 
property to determine the yield of iminazole from the weight of 
sulphonic acid found. The numbers given in the previous part of this 
paper were obtained in this way after the alkaline treatment of the 
crude product to ensure anhydridisation, and after adding the 
correction necessitated by the loss due to the solubility of the 
sulphonic acid in water. The constitution of this acid has not been 
determined, although it is certain that the sulpho-group enters the 
N-hydroxyphenyl] group, and most probably in the para-position with 
respect to the hydroxyl. It should be possible to synthesise the same 
sulphonic acid from the trinitro-compound and 2-amino-l-phenol- 
4-sulphonic acid. The secondary products removed by sulphonation 
amount to 27:2 per cent. of the crude iminazole. 

Nitro-derivative—Prepared by dissolving the iminazole in cold 
fuming nitric acid and pouring into water. After successive 
crystallisations from dilute alcohol and acetic acid, a yellow, micro- 
crystalline powder which darkens and decomposes at 265—270°. The 
compound is but sparingly soluble in alcohol or acetic acid : 


0:1060 gave 16°6 c.c. N, (moist) at 16° and 765°3 mm. N=18°4. 
C,,H,O,N, requires N = 18°67 per cent. 

The nitro-group is probably in the V-hydroxyphenyl group in the 
para-position with respect to the nitrogen atom, and it should there- 
fore be possible to synthesise it from the trinitro-compound and 
5-nitro-2-aminophenol. 


Dinitrohydroxy-1-m-hydroxyphenylmethylbenziminazole 


From the trinitro-compound and m-aminophenol. After crystal- 
lisation from alechol with animal charcoal, the substance consists of 
ochreous scales, melting at 279° with previous darkening and partial 
decomposition. The crude product in this case, as in the case of all 
the meta-substituted amines, is highly coloured, the secondary product 
most probably consisting of an azo-compound : 

0°1318 gave 0°2426 CO, and 0°04 H,O. C=5058; H=3-37. 

0069 ,, 99 cc. N, (moist) at 15° and 7644 mm. N=16°9. 

C,,H,,0,N, requires C=50°87; H=3:11; N= 17:0 per cent. 

The yield of iminazole in this case was determined by heating the 
crude product with concentrated sulphuric acid on the water-bath and 
pouring into water. The sulphonic acid remains in the solution, and 
the by-product separates out as a coloured resin, which can be 
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collected, dried, and weighed. The loss as determined by this method 
is 3 per cent. 

Diacetyl Derivative.—Prepared by boiling the iminazole for one 
hour with acetic anhydride ; sparingly soluble in alcohol ; small, pale 
orange needles, m. p. 209° : 

0-07 gave 7°92 c.c. N, (moist) at 13° and 764 mm. N=13-44, 

C,,H,,O,N, requires N = 13°55 per cent. 

Nitro-derivative-—Prepared by dissolving the iminazole in cold 
fuming nitric acid and precipitation by water. After crystallisation 
from alcohol, ochreous scales ; m. p. 260°, with slight decomposition : 

00756 gave 12:2 c.c. N, at 165° and 7647 mm. N=18°88. 

C,,H,O,N, requires N = 18°67 per cent. 


Dinitrohydroxy-1-p-aminophenylmethylbenziminazole. 


From the trinitro-compound and p-aminophenol. Purified by 
successive crystallisations from dilute alcohol and acetic acid. From 
the latter it separates in pale ochreous, lustrous scales, m. p. 245°5°, 
with previous darkening : 

01075 gave 0°1998 CO, and 0:0321 H,O. C=50°'7; H=3:22. 

00892 ,, 12°9 cc. N, (moist) at 185° and771‘3mm. N=16°99, 

C,,H,,0,N, requires C=50°87; H=3:11 ; N=17-0 per cent. 

The yield of iminazole was determined in this case by sulphonation 
in precisely the same way as with the meta-isomeride, the by-product 
thus removed amounting to 5°8 per cent. of the crude product. 

Diacetyl Derivative.—From the iminazole and acetic anhydride, as 
before. Pale ochreous needles from alcohol ; m. p. 169°5°: 

0°0656 gave 8 c.c. N, (moist) at 13°5° and 7375 mm. N=13-94. 

C,,H,,O,N, requires N = 13°55 per cent. 

Nitro-derivative.—Prepared by dissolving the iminazole in cooled 
fuming nitric acid and pouring the solution into water. The com- 
pound separates from glacial acetic acid as a pale ochreous, micro- 
crystalline powder, m. p. 252°5°: 

0°0878 gave 13:7 c.c. N, (moist) at 13° and 765 mm. N=18°56. 

C,,H,O,N, requires N = 18°67 per cent. 

The compound is therefore a mononitro-derivative, the nitro-group 
being most probably in the ortho-position with respect to the hydroxyl 
of the V-hydroxyphenyl group. The same compound would no doubt 
result from the interaction of the trinitro-compound and 2-nitro- 
4-aminophenol. 


Of the other iminazoles synthesised in the course of this research 
for quantitative determinations of yield, those derived from a- and 
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f-naphthylamine have already been described (‘Trans., 1906, 89, 1942.) 
The mesidine compound is described below. 


Dinitrohydroxy-1-(1 : 3: 5-)trimethylphenylmethylbenziminazole. 


From the trinitro-compound and mesidine in the usual way. The 
crude product required two alkaline extractions in order to remove the 
by-products. After successive crystallisations from dilute acetic acid 
and alcohol, the compound crystallised in small, ochreous scales, 
melting at 183°: 

00606 gave 8 c.c. N, (moist) at 12° and 7745 mm. N=15°9. 
C,,H,,0;N, requires N = 15°77 per cent. 


Dinitrohydroxy-1-p-sulphophenylmethylbenziminazole. 


In order to ascertain whether the presence of a sulphonic group in 
the amine nucleus interfered with the formation of the iminazole ring, 
the interaction of the trinitro-compound and sulphanilic acid 
was investigated. In this case water was found to be the most appro- 
priate solvent, the materials (1 mol. of trinitro-compound to 2 mols, 
of sulphanilic acid) being boiled in aqueous solution as long as nitrogen 
was evolved. If the solution is not too dilute, the iminazole crystal- 
lises out on cooling in yellow needles. Purification is best effected by 
dissolving the compound in dilute sodium hydroxide and precipitating 
by acid. This iminazolesulphonie acid dissolves in alkaline solutions 
with a deep orange colour; it is practically insoluble in alcohol, 
and has no definite melting point, but begins to decompose about 260°: 

0:0772 gave 9°4 c.c. N, (moist) at 15°5° and 7445 mm. N=13°93. 

01578 ,, 0°0962 BaSO, S=8:29. 

C,,H,,0O,N,S requires N = 14:21 ; S=8'14 per cent. 

The main secondary product in this case is probably phenol- 
p-sulphonic acid, resulting from the decomposition by hot water of the 
diazosulphanilic acid formed by the action of the eliminated nitro-group 
on the free sulphanilic acid : 

HO-C,H(NO,),-NH-CO:CH, + 2NH,°C,H,°SO,H = 
C,,H,,0,N,S + HO-C,H,°SO,H + N, + 2H,0. 


Products from Secondary Amines. 


The readiness with which the trinitro-compound reacts with dimethyl- 
amine is most remarkable in view of its inertness towards diethyl- 
amine. We have not yet ascertained whether methylethylamine 
gives a catenation product, but this amine will be investigated as soon 
as a supply can be obtained. The compound from dimethylamine 
is a derivative of dimethyl-m-aminophenol. 


1048 MELDOLA AND HAY: SYNTHESES WITH PHENOL 


2 : 5-Dinitro-4-acetylamino-3-dimethylaminophenol, 

OH 
( \N 0, 

NO,\ /N(CH,), 
NH:CO-CH, 

The quantitative experiments with dimethylamine were carried out 
as follows: 2 grams of the trinitro-compound were dissolved in 
30 c.c. of alcohol, and an excess (6 molecular proportions) of dimethy]- 
amine (33 per cent. solution in alcohol) added. The contents of the 
flask were kept boiling on a water-bath in the usual way, and, after 
completion of the reaction, diluted with 200 c.c. of water. Nothing 
separates at this stage, as the product, being phenolic, forms a soluble 
salt with the excess of dimethylamine. On adding 10 c.c. of con- 
centrated hydrochloric acid, the product separates as an orange, 
crystalline deposit, which, after being kept for some hours, is collected, 
washed with cold water, dried, and weighed. The secondary product 
is no doubt dimethylnitrosoamine, The velocity of the reaction is such 
that the yield is not sensibly different in one and two hours respectively ; 
smaller time intervals have not yet been allowed, but as the product 
is practically insoluble in cold water and very dilute alcohol, it may 
be possible to determine the rate of elimination of the nitro-group 
with considerable accuracy : 


2 grams of trinitro-compound gave, in two hours, 1°57 of dimethyl- 
aminophenol derivative = 79°05 per cent. of theoretical yield. 

2 grams of trinitro-compound gave, in two hours, 1535 of dimethyl- 
aminophenol derivative = 77°4 per cent. of theoretical yield. 

2 grams of trinitro-compound gave, in one hour, 1°6 of dimethyl- 
aminophenol derivative = 80°5 per cent. of theoretical yield. 

2 grams of trinitro-compound gave, in one hour, 1°58 of dimethyl- 
aminophenol derivative = 79°9 per cent. of theoretical yield. 


Mean of two-hour expts. = 78°23 ; of one-hour expts. = 80°2 ; mean 
of all experiments = 79°21. 

It almost appears from these results as though the yield diminishes 
if the product is kept boiling in an alcoholic solution of the amine. 
It is not unlikely that slow decomposition may take place under these 
conditions, since we have found that the compound undergoes some 
more fundamental decomposition than simple hydrolysis when boiled 
with dilute alkali. This point will require further investigation, 
however, before any definite conclusion can be arrived at, since the 
difference in yield, which amounts to only about 2 per cent., may well 
be attributable to experimental error. 
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The pure compound dissolves but slowly in boiling alcohol, and 
separates, also very slowly, in dense, orange, rhombohedral crystals, 
melting and decomposing at 215°: 

00958 gave 0'1483 CO, and 0°0406 H,O. C=42:21; H=4-71. 
02132 ,, 35°3¢.c. N, (moist) at 9°5° and 756-°9 mm. N=19-78. 
C,)H,,0.N, requires C= 42°22; H=4:25 ; N=19'82 per cent. 

The compound is strongly phenolic, dissolving in dilute aqueous 
alkali with an orange colour, and being precipitated as an ochreous 
powder on acidification. The silver salt was obtained by adding silver 
nitrate to a hot solution of the ammonium salt and allowing to cool, 
when silky, orange needles separated out : 

01888 gave, on ignition, 0°0512 Ag = 27:17. 

C,,H,,0,N,Ag requires Ag = 27°59 per cent. 

The hydroxyl group in this compound is so well protected by the 
adjacent nitro-group that no methylation takes place on heating with 
silver oxide and methyl iodide in alcoholic solution. Acetylation 
also takes place to a very slight degree only on boiling with acetic 
anhydride, or on keeping for some days in acetic anhydride solution 
in presence of a little concentrated sulphuric acid. No definite acetyl 
derivative has been isolated from the crude product obtained by either 
of these methods. Attempts to hydrolyse the compound by acid and 
alkaline hydrolysing agents gave nothing definite ; the acetyl group 
does not appear to be removable without complete decomposition of 
the substance. 

The dimethylamino-group in this compound is protected between 
ortho-substituents, and is therefore in a most unfavourable position 
for uniting with alkyl] iodides, Attempts to form ammonium iodide 
derivatives by the direct addition of methyl iodide led to negative 
results under all conditions, The substance does not combine with 
methyl iodide when heated with an excess in a sealed tube at 100° in 
presence of a little magnesia. Ata higher temperature (110—120°) 
methyl iodide causes complete decomposition, with the elimination of 
the dimethylamino-group. Experiments with dimethy] sulphate have 
so far also led to negative results, but this part of the work will be 
continued. 


2 : 5-Dinitro-4-acetylamino-3-piperidylphenol, 


The preparation of this compound was carried out as with the di- 
methylamine compound, piperidine being substituted for the latter base. 
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Two grams of trinitro-compound gave 1°655 grams of purified piperidy] 
compound after correction by alkaline treatment, and after adding the 
loss due to solubility (0°01 gram per litre). This yield corresponds 
with 73 per cent. of that theoretically obtainable. 

The substance crystallises from alcohol in large, golden scales, 
m. p. 201°: 


0096 gave 14:1 c.c. N, (moist) at 16° and 768°6 mm. N=17:32, 
C,,H,,0,N, requires N= 17°29 per cent. 


Attempts to remove the acetyl group by acid or alkaline hydrolysing 
agents showed that some more fundamental decomposition than simple 
hydrolysis occurs, and no definite products have as yet been isolated. 
Experiments on the formation of ammonium derivatives from this 
compound are in progress. 


The expenses of this research have been partly covered by a con- 
tribution from the Government Grant Fund of the Royal Society. 
We desire to express our indebtedness to this Fund and also to Mr. 
Harold E. Kuntzen, who has given us material assistance during the 
course of the work. 
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CXVIII.—The Preparation of Disulphides. Part V. 
Diethyl Esters of a-Dithiodibutyric, a-Dithiodiiso- 


butyric, and a-Dithiodiisovaleric Acids, 


By Tuomas SiatTer Price and Dovcitas Frank Twiss. 


Ir was shown in a former paper (Trans., 1908, 93, 1645) that the 
esters of dithiodiglycollic and dithiodilactylic acids could be readily 
prepared by the electrolytic reduction of the mixture obtained from 
the interaction between sodium thiosulphate and the esters of 
halogen substituted acetic and propionic acids. This method of 
preparation has been extended to the esters derived from ethyl 
a-bromobutyrate, ethyl a-bromozsobutyrate, and ethyl a-bromoziso- 
valerate. The esters so obtained are all liquids which are heavier 
than water, and distil without decomposition under diminished 
pressure. Diethyl a-dithiodibutyrate and diethyl a-dithiodirso- 
valerate possess the peculiar and not very disagreeable odour 
referred to in the previous communication as being characteristic 
of these dithio-esters, whereas diethyl a-dithiodizsobutyrate has an 
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unpleasant, sickly odour. If, however, a trace of any of these 
esters, including those of dithiodiglycollic and dithiodilactylic acids, 
comes in contact with the benches of the laboratory, or the hands 
or clothing, decomposition takes place after a time, evidently with 
the formation of mercaptan compounds, since most disagreeable 
odours are produced, which are very difficult to dissipate. During 
the electrolytic reduction, some of these mercaptan esters’ are 
apparently formed at the same time as the dithio-compounds, since 
the same disagreeable odours are noticed. In spite of all pre- 
cautions we were able to take, these odours gradually permeated 
the laboratory, and, in some one or two cases, the whole building, 
so that we have discontinued further work with these compounds 
for the present. 

The preparation of the corresponding acids from the esters has 
only been completely successful in the case of a-dithiodi¢sobutyric 
acid, which is a solid melting at 197—198°. a-Dithiodibutyric and 
a-dithioditsovaleric acids could not be obtained in the pure state,* 
since they apparently form syrupy liquids at the ordinary tem- 
perature. Professor Biilmann, of Copenhagen, informs us that he 
has also prepared a-dithiodibutyric acid by oxidation of a-thiol- 
butyric acid (Annalen, 1905, $389, 351) with iodine, and its 
properties agree with those of the product obtained by us. 

The melting points of the dithio-acids of this series, and, for the 
sake of comparison, those of the corresponding mercaptan acids 
and of the bromo-substituted fatty acids from which they are 
derived, are given in the following table: 


Acid. M. p. Acid. M. p. 
Dithiodiglycollic ...... ... 107—108° Thioglycollic ...........-0000 liquid 
a-Dithiodilactylic ...... 142° RR icnisneseeescgsinves 10°0° 
B-Dithiodilactylic ...... 155 Thiohydracrylic ............... 16°8 
a-Dithiodibutyric......... liquid a-Thiolbutyric ............60 liquid 
a-Dithioditsobutyric ... 197—198 a-Thiolisobutyric ............ 47°G° 
y-Dithiodibutyric ...... 108—109 * 
a-Dithiodizsovaleric...... liquid (?) 

Acid, M. p. 
Bromoacetic .........seeeeeee 50—51° 
a-Bromopropionic ............ 24°5° 
8-Bromopropionic ............ 62°5 
a-Bromobutyric............... liquid 
a-Bromoisobutyric............ 48°0° 
7-Bromobutyric............... 32—33 
a-Bromozsovaleric ..........+. 44°0 


* Gabriel, Ber., 1890, 23, 2490. 
The great difference in the melting points of «<‘thiodibutyric 
and a-dithiodiisobutyric acids is remarkable, but %®*corresponds 


* In attempting to prepare these acids from the esters, the odours met with are 
most disagreeable, and we have consequently not pursued the matter further. 
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with the difference in the melting points of the mercaptan acids 
from which they are derived, and also with the difference in the 
melting points of a-bromobutyric and a-bromotsobutyric acids. In 
fact, if the three series of acids are compared, it will be seen that 
the melting points, with the exception of that of bromoacetic acid, 
run parallel. a-Dithiodiisovaleric acid cannot be included in this 
comparison, since the purity of the product obtained (see later) 
was very doubtful. If the normal compounds in each series are 
compared, it will be noticed that substitution in the a-position with 
respect to the carboxyl group gives a compound of lower melting 
point than when the substitution takes place in the B- or y-position ; 
this is also true when the A-substituted derivative is compared with 
the y-substituted derivative. 


EXPERIMENTAL. 


Diethyl a-Dithiodibutyrate, 8,(CHEt*CO,°C,H;).—A mixture of 
15 grams of ethyl a-bromobutyrate and 23 grams of sodium thio- 
sulphate with 50 c.c. of water and 50 c.c. of alcohol (90 per cent.) 
was heated over a small flame under a reflux condenser for four 
hours. The reaction takes place very slowly (compare Slator and 
Twiss, Trans., 1909, 95, 98), and even after prolonged heating there 
is a slight odour of unchanged ester. After cooling the clear 
solution so obtained, 75 c.c. of water were added (the addition of 
water caused the solution to become cloudy) together with 8 grams 
(theoretical quantity =7°69 grams) of potassium hydrogen carbonate, 
and the resulting mixture was electrolysed in the cathode compart- 
ment of a divided cell, as described in the former paper (Trans., 
1908, 98, 1648). 0°25 Ampere was passed for about eight and 
a-half hours (theoretical current=2°06 ampere-hours), 3 grams of 
potassium hydrogen carbonate being added after about three hours. 
During the electrolysis there was no unpleasant odour unless con- 
siderably more than the theoretical current was passed. 

The ester, which separated as a heavy oil, was extracted with 
ether, and the ethereal solution well washed with water and dried. 
After evaporating off the ether, the remaining liquid was distilled 
under a pressure of 22 mm.; the main fraction, which formed 
the bulk of the distillate, passed over at 187°. The average yield of 
crude ester obtained in each experiment was 63 per cent. 

Diethyl a-dithiodibutyrate is a colourless, fairly mobile liquid, 
heavier than water, with the peculiar and characteristic odour of 
these compounds: 

0°2133 gave 0°3388 BaSO,. S=21°81. 

Ci2H,0,8S, requires S=21°79 per cent. 
a-Dithiodibutyric Acid, 8,(CHEt*CO,H),.—In order to prepare 
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this acid, some of the ester was heated with excess of aqueous 
hydrochloric acid for nine hours. The oil did not disappear, but 
a change had evidently taken place, since a yellow, viscous layer 
was formed in the place of the mobile ester. The hydrolysed 
product was extracted with ether, and the ethereal solution well 
shaken up with a slight excess of dilute aqueous potassium 
hydroxide in order to separate the acid from any unchanged ester. 
The alkali solution was then acidified with hydrochloric acid, and 
the a-dithiodibutyric acid extracted with ether. After drying and 
evaporating the ethereal solution, a yellow, viscous mass was 
obtained, possessing a faintly disagreeable odour. It was only 
sparingly soluble in water; the solution gave no coloration with 
ferric chloride, showing that no mercaptan acid was present, but 
it gave a precipitate with lead acetate, which was soluble in acetic 
acid. Reduction with zinc dust and acetic acid furnished the 
mercaptan acid (a-thiolbutyric acid), which gave a violet 
coloration with ferric chloride and decolorised iodine. The acid did 
not crystallise, even in a freezing mixture of ice and calcium 
chloride. After drying in a vacuum desiccator for some days, the 
equivalent was found to be 129 instead of 119, so that the substance 
evidently contained water or other impurity. 

In a letter received from Professor Biilmann, he informs us that 
he has also obtained, by the oxidation of a-thiolbutyric acid with 
iodine, a viscous, yellow mass responding to the above tests, which 
he considers to be a-dithiodibutyric acid. 

Attempts to prepare the acid by saponification of the ester with 
aqueous-alcoholic potash or baryta, either cold or hot, met with no 
success, since in each case decomposition took place (compare 
Trans., 1908, 98, 1647) with the formation of a complex mixture 
containing mercaptan acids, and possessing a most disagreeable 
odour. 

Diethyl a-dithiodiisobutyrate, S,(CMe,°CO,°C,H;)., was prepared 
from ethyl a-bromozsobutyrate. The reaction mixture consisted of 
15 grams of ethyl a-bromozsobutyrate, 27 grams of sodium thio- 
sulphate, 80 c.c. of alcohol, and 80 c.c. of water, and was heated 
over a small flame for four hours, owing to the slow velocity of 
reaction. For the electrolysis 8 grams of potassium hydrogen 
carbonate were added, and the current passed for 2°75 ampere-hours 
(theoretical current= 2°06 ampere-hours), using 0°5 ampere for two 
and a-half hours and 0°25 ampere for the remainder of the time; 
about 3 grams of potassium hydrogen carbonate were added when 
the current was changed. During the electrolysis, the odours 
evolved were disagreeable in the extreme. The ester separated as 
a heavy oil; it was treated in the way already described, and finally 

3Z% 
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distilled under diminished pressure. The first fraction, which 
passed over below 75°, evidently contained some mercaptan ester s 
the odour was unbearable, and permeated the building for some 
time. The average yield of crude ester was 30 per cent. 

Diethyl a-dithiodtisobutyrate is a colourless, mobile liquid, 
heavier than water, and possessing a disagreeable, sickly odour. 
It distils at 165—166°/19 mm.: 

0°1901 gave 0°3019 BaSO,. S=21°81. 

C,,H..0,8, requires S=21°79 per cent. 

Lovén (J. pr. Chem., 1886, [ii], $8, 110) claims to have prepared 
this ester by shaking the ethereal solution of ethyl thiolisobutyrate 
with an aqueous solution of copper sulphate. He describes it as 
an oil with a most disagreeable odour; only a very small quantity 
was obtained, however, and it was neither purified nor analysed. 

a-Dithiodizsobutyric acid, 8,(CMe,*CO,H),, was prepared from the 
ester by saponification with alcoholic potash. After expelling the 
alcohol on the water-bath, the residue was dissolved in water, and 
the acid precipitated by the addition of hydrochloric acid. Some 
slight decomposition of the ester by the alcoholic potash occurred, 
and the crude acid had a somewhat unpleasant odour. On re- 
crystallisation from water, however, in which it is only very 
sparingly soluble, it was obtained in colourless plates, which were 
inodorous, and melted at 197—198°. 

The acid was also obtained by hydrolysis of the ester with 
aqueous hydrochloric acid, but the rate of hydrolysis was extremely 
slow. 

This acid has also been prepared by Lovén (J. pr. Chem., 1886, 
[ii], $8, 110) and Biilmann (Annalen, 1906, 348, 131), but neither 
of them give the melting point. At our request, Professor Biilmann 
has determined the melting point of his specimen, and finds it to 
be 196—197°, which agrees with our result: 

0°1981 required 12°13 c.c. of 0°1366 V/1 NaOH for complete 

neutralisation. Equivalent=119°6. 
C,H,,0,8, requires equivalent=119°1. 

Diethyl a-dithiodiisovalerate, S,[CH(CHMe,)*CO,°C,H;],, was 
prepared from ethyl a-bromoisovalerate, the method of procedure 
being similar to that for the other esters. The quantities of 
reagents taken were 12 grams of ethyl a-bromozsovalerate, 25 grams 
of sodium thiosulphate, 90 c.c. of water, and 90 c.c. of alcohol. 
The reaction with the thiosulphate took place very slowly, and 
even after boiling for nine hours some unchanged ester separated 
out on cooling. The clear solution was poured off from the 
unchanged ester and electrolysed in the usual way, after the 
addition of 7°5 grams of potassium hydrogen carbonate. The 


Rnaes tt Oo Ot Oo fp ok ee ees mm OO 


*° Oo oO 8 & © ob OS 4)]]°050 woe es 


THE PREPARATION OF DISULPHIDES. PART V. 1055 


current was passed for about two and a-quarter ampere-hours 
(theoretical current=1°54 ampere-hours), using 0°25 ampere. 
Potassium hydrogen carbonate, about 3 grams, was added during 
the electrolysis. After the reduction had been proceeding for some 
time, the odours became very disagreeable. The ester separated 
as an oil, but it was found best to allow the catholyte to remain 
overnight before it was extracted with ether and treated similarly 
to the other esters. The yield of crude ester was about 45 per 
cent., but it still contained some unchanged ethyl a-bromozso- 
valerate, since on distillation under diminished pressure the first 
portion of the distillate, which passed over below 100°, had a 
strong odour of that compound. 

Diethyl a-dithiodiisovalerate distils at 173°/12 mm. It is a 
colourless liquid, and possesses only a very faint odour: 

0°2059 gave 0°3009 BaSO,. S=20°07. 

C,,H,0,8, requires S=19°89 per cent. 

a-Dithiodiisovaleric acid, 8.{[CH(CHMe,)-CO,H],, could not be 
prepared from the ester by saponification with alcoholic potash or 
baryta, owing to the decomposition which took place. The impure 
product prepared in this way had the most disagreeable odour we 
have experienced. Nor were we successful in obtaining a pure 
product by hydrolysis with hydrochloric or sulphuric acid. 2°6 
Grams of the ester were treated in the same way as described for the 
preparation of a-dithiodibutyric acid, the heating with hydrochloric 
acid extending over twelve hours. Only 0°1 gram of acid was 
obtained, the greater part of the ester remaining unattacked. The 
acid formed a viscous mass, and did not solidify in a freezing 
mixture. It evidently contained some mercaptan acid, since the 
odour was disagreeable, and it gave a violet coloration with ferric 
chloride, and decolorised iodine to some extent. With lead acetate, 
it gave a white precipitate, as also with silver nitrate, the latter 
precipitate turning black on warming, especially in ammoniacal 
solution, owing to the formation of silver sulphide. 


We have to acknowledge our indebtedness to the Committee of 
the Research Fund for a grant which partly covered the expense of 
the foregoing investigation. 

OHEMICAL DEPARTMENT, 


MuNICcIPAL TECHNICAL ScHOOL, 
BIRMINGHAM. 
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CXIX.—The Chlorination of Acetanilide. 
By Wit.iam Jacos Jones and Kennepy JosEPH PREVITE Orton, 


THE original observations on the chlorination (and bromination) 
of acetanilide (Mills, Proc. Roy. Soc., 1860, 10, 589; Annalen, 
1875, 176, 352) apparently demonstrated that the para-derivative 
was the only monochloroacetanilide produced. Moreover, more 
recently Castoro (Gazzetta, 1898, 28, [ii], 313), using a solution 
of chlorine in potassium hydroxide as chlorinating agent, recognised 
only p-chloroacetanilide. On the other hand, in the electrolytic 
reduction of nitrobenzene in the presence of hydrochloric acid, 
Lob (Ber., 1896, 29, 1895) obtained a mixture of o- and p-chloro- 
anilines; he did not make an exact estimate of the proportion of 
each, but the former was obviously present in large proportion. In 
the action of acetylchloroamino-2: 4-dichlorobenzene (Chattaway 
and Orton, Trans., 1901, 79, 461) on aniline under certain con- 
ditions, the aniline was converted into a mixture of o- and p-chloro- 
anilines in approximately equal proportions. Finally, the same 
authors (Trans., 1901, 79, 469) recognised a small quantity of 
o-chloroacetanilide (5 to 8 per cent.) in the chlorination of acet- 
anilide by bleaching powder in glacial acetic acid. In this case, 
the o-chloroacetanilide was isolated, not from the acetic acid mother 
liquor, but from the alcohol used to recrystallise the original solid 
product of the reaction. 

As our attention had been repeatedly directed to the small yield 
(at most 40 per cent.) of pure recrystallised p-chloroacetanilide, a 
series of experiments has been carried out with the object of tracing 
the fate of the remainder of the acetanilide. As a result it has 
been found that in the chlorination of acetanilide by bleaching 
powder in acetic acid solution some 40 to 46 per cent. of the 
compound is converted into o-chloroacetanilide, which, owing to its 
high solubility, chiefly remains in the dilute acetic acid mother 
liquors. 

Chlorination by chlorine in glacial acetic acid (at 15°) leads, 
however, to a different proportion of the two chloro-derivatives. 
The o-chloroacetanilide now represents about 30 per cent. of the 
acetanilide. To what cause this difference can be attributed, we 
are not at present able to decide. It is not due to the solvent, 
since the transformation of acetylchloroaminobenzene in glacial 
acetic acid solution yields o- and p-chloroacetanilides in the same 
proportion as the chlorination of acetanilide by bleaching powder. 

Dilution of the acetic acid used as solvent does not affect the 
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proportion of the acetanilides. When, however, the concentration 
of the acetic acid in the solvent falls to 2 per cent., 10 per cent. of 
the product consists of acetylchloroaminobenzene. On reducing the 
concentration of the acetic acid to 0°25 per cent., the yield of 
chloroamine rises to 64 per cent.; and if a large proportion of 
sodium acetate (20 grams per 100 c.c.) is present, the yield is 
further increased to 76 per cent. 

This sensitiveness to the concentration of the acetic acid probably 
accounts for the divergent results of different observers in the 
repetition of Bender’s (Ber., 1886, 19, 2272) original method of 
preparing acetylchloroaminobenzene by adding a dilute solution 
of bleaching powder to a suspension (or solution) of acetanilide in 


dilute acetic acid. 
EXPERIMENTAL. 


Chlorination of Acetanilide by Bleaching Powder Solution in 
Acetic Acid Solution. 


A description of one of the experiments will illustrate the method 
finally adopted, after several trials, which has proved most effective 
in separating the products of the reaction. 

One gram-molecular proportion of chlorine (497 cc. of a 
1486 -solution of bleaching powder) was slowly run into a solution 
of 50 grams of acetanilide in 500 c.c. of glacial acetic acid. This 
operation occupied one hour, the mixture being kept at 8°5° and 
well stirred by a turbine. After twenty-four hours, the solid 
product was collected and dried. It weighed 32°9 grams, and con- 
sisted of p-chloroacetanilide mixed with 10 to 12 per cent. of the 
o-chloro-derivative. This proportion is estimated from the melting- 
point curve of mixtures of the two chloroanilides (see below). 

The mother liquor from this first separation contains only a small 
quantity of the p-chloro-compound, together with the major pro- 
portion of the ortho-compound. Further dilution and prolonged 
keeping is followed by a partial separation of the para-derivative, 
mixed with still larger proportions (20 to 25 per cent.) of the 
ortho-compound. Since this second separation represented at most 
8 per cent. of the acetanilide chlorinated, dilution of the mother 
liquor was not resorted to. Although the whole of the o-chloro- 
acetanilide could be extracted from the mother liquor by chloro- 
form, the following method of treatment was found to give the 
best results. 

Hydrochloric acid was added to the mother liquor until the 
solution contained 10 per cent. of the acid, and the mixture was 
boiled for some hours. After rendering alkaline, the anilines were 
distilled in a current of steam. The liquid base thus obtained 
consisted mainly of o-chloroaniline mixed with a small proportion 
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of p-chloroaniline and a still smaller proportion of 2: 4-dichloro. 
aniline. Their separation was achieved by distillation of their 
solution in sulphuric acid in a current of steam, a method first 
used by Beilstein and Kurbatoff (Annalen, 1875, 176, 27). 

The mixture of anilines extracted from the distillate by means of 
ether was dissolved in sulphuric acid, and the concentration of 
the acid adjusted to 3 per cent. This solution was now distilled 
in a current of steam, care being taken by appropriate heating of 
the distilling flask that the concentration of the sulphuric acid 
did not change by dilution or concentration. From this con- 
centration of acid, the o-chloro- and the 2: 4-dichloro-anilines 
rapidly distil, whilst the p-chloroaniline remains as sulphate, and 
can be distilled separately after rendering the liquid alkaline. 

The o-chloro- and dichloro-anilines, which were extracted by 
ether from the distillate, were separated as follows: The mixture 
of anilines was dissolved in the least possible quantity of 3 to 5 
per cent. sulphuric acid, the solution cooled to 0°, and the acid 
neutralised by titration with 10 per cent. sodium hydroxide. The 
dichloroaniline, which is the less basic as well as the less soluble 
(100 c.c. of water dissolve 0°07 gram at 11°9°), crystallises first, 
leaving the o-chloro-derivative dissolved in the faintly acid liquor. 
A little experience enables one to make a very sharp separation in 
this way. After rendering the solution alkaline, the o-chloroaniline 
was extracted with ether, and weighed as acetyl derivative, the 
melting point of which was 85° instead of 87°. 

The results of such a quantitative estimation of the products of 
chlorination of acetanilide are given in the following table: 

Acetanilide chlorinated 
ws recovered as p-chloroacetanilide 


a ‘ai o-chloroacetanilide 
is i dichloroaniline 


Proportion of Chloroacetanilides formed on Transformation of 
A cetylchloroaminobenzene. 


The chloroamine was dissolved in glacial acetic acid (10 per cent. 
solution), and one drop of concentrated hydrochloric acid added. 
The separation of the two chloroacetanilides was carried out as 
already described : 

Acetylchloroaminobenzene used 


p-Chloroacetanilide formed 
o-Chloroacetanilide _,, 
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Chlorination of Acetanilide by Chlorine. 


When the chlorination was carried out in glacial acetic acid in 
the absence of sodium acetate, much dichloroacetanilide was formed, 
and hence some acetanilide remained unchlorinated. The hydro- 
chloric acid combines with the acetanilide and shields it from 
attack. Chlorination in chloroform led to a similar result. 

In the presence of one molecular proportion of sodium acetate, 
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a trace only of dichloroacetanilide was formed. The separation of 
the products was carried out as described above. 


Acetanilide chlorinated, 10 grams. Expt. I. Expt. Il. 


Acetanilide recovered as p-chloroacetanilide ...... 6°67 6°64 
” ” o-chloroacetanilide 
” - dichloroaniline 


Melting-point Curves of Mixtures of o- and p-Chloroacetanilides. 


The melting-point curves, which are shown in the figure on a 
small scale, bring out the fact that mixtures containing small pro- 
portions of the o-derivative have two melting points. Rapid cooling 


1060 SMITH AND ORTON: ACIDS AS 


of a given molten mixture produces a solid, the melting point of 
which lies on the upper curve, and slow cooling that which lies on 
the lower curve. It is easy to tell by inspection of the solid on 
which curve the melting point will lie; the crystals of p-chloro- 
acetanilide of higher melting point are elongated plates, whilst 
those of the lower are long, fine needles. The presence of anilides 
other than o-chloroacetanilide produces a similar phenomenon. It 
would appear, therefore, that p-chloroacetanilide is dimorphous, 
the melting point of one form being 179°, and that of the other, 
as estimated from the curve, about 169°. We have not been able 
to isolate the anilide of lower melting point in the pure state, 
but in the presence of 0°4 per cent. of o-chloroacetanilide we have 
obtained the two forms melting respectively at 178° and 168—169°, 
The very different melting points of the p-chloro-derivative given in 
the literature are probably accounted for by this peculiarity. As 
the proportion of o-chloroacetanilide increases above 50 per cent., 
the upper curve becomes impossible or very difficult to realise. 


UNIVERSITY COLLEGE oF NorTH WALES, 
BANGOR. 


CXX.—Acids as Accelerators in Acetylation. Part II. 


By Avice Emity Smirx and Kennepy Josep PREvITE OrTon. 


In our first paper (Trans., 1908, 98, 1242), it was shown that 
anilines of a non-basic character, for example, anilines with two 
negative ortho-substituents, reacted with acetic anhydride with « 
far greater speed in the presence of mineral acids. Thus 
acetylation could be quickly effected at the ordinary temperature 
even with diluted acetic anhydride. Moreover, it was found that 
the acetylation of phenols was greatly hastened by many acids 
and not only by sulphuric acid; in fact, perchloric acid showed 
itself superior to a “dehydrating” material such as sulphuric 
acid, whilst phosphoric oxide (and phosphoric acid) are incom- 
parably inferior to either acid. 

In order to follow quantitatively the effect of the nature and 
concentration of acids on the speed of acetylation by acetic 
anhydride, we have been obliged to confine ourselves, owing to 
experimental difficulties, to the acetylation of s-tribromophenol and 
the use of sulphuric, perchloric, and orthophosphoric acids. 

The results demonstrate that the speed of acetylation is 
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approximately proportional to the concentration of the acid. This 
relation is particularly well shown in the case of sulphuric acid, 
but is less well marked in the case of perchloric acid. For gram- 
molecular proportions, the rates of acetylation with these two acids 
are, at least when the concentration of the acid is small, in the 
ratio 2°5: 1. Using orthophosphoric acid (or phosphoric oxide), 
acetylation was just perceptible under the same conditions of 
temperature and concentration after twenty-four hours, whilst in 
the presence of perchloric acid it was complete in 100 minutes. 
In the absence of any acid, no acetylation is detectable in six 
weeks. 

It was suggested in a previous paper that the acetylation depends 
on the formation of a mixed anhydride of acetic acid and the 
mineral acid, for example, CH,*CO-O-Cl10,, a hypothesis which was 
supported by Franchimont, Skraup, and Thiele, and more recently 
by Stillich (Ber., 1905, 39, 1241), as accounting for the part played 
by sulphuric acid. An example of these mixed anhydrides has 
been obtained by Francis and Butler (Ber., 1906, 39, 3798, 3804), 
who isolated benzoyl nitrate, CsH;-CO-O-NO,, and showed that it 
gave with anilines a benzoyl derivative. Pictet and Khotinsky 
(Compt. rend., 1907, 144, 210) have prepared acetyl nitrate, the 
behaviour of which with anilines is quite similar. Since under 
the conditions of our experiments the phenol is attacked by nitric 


‘acid, a comparison of this acid as an accelerator with perchloric 


and phosphoric acids was impossible.* 

Our results are in agreement with such a hypothesis. The speed 
of acetylation would be proportional to the concentration of this 
complex, which in its turn would be approximately proportional 
to the concentration of the acid, at least when the concentration 


* In earlier papers (Trans., 1902, 81, 806 ; 1908, 93, 727; Ber., 1907, 40, 370) 
we have shown that a mixture of acetic anhydride and nitric acid diluted with 
acetic acid makes an excellent nitrating mixture for anilines, converting them into 
nitroamines, Ar*NH*NO,, the acetyl derivative only appearing as a by-product, 
although the proportion becomes greater with unsubstituted anilines. We have 
suggested (Trans., 1908, 98, 1242) that the acetyl nitrate reacts with the aniline 
mainly as follows : 

CH,*CO*0°NO,+ Ar*NH,= Ar*NH*NO, + CH;°CO,H, 

whilst other acids yield mainly the acetyl derivative. In the light of the results or 
the authors cited above, it is obvious that acetyl nitrate, at least under certain 
conditions, yields only an acetyl derivative. Possibly the agent in nitration isa 
predecessor of the mixed auhydride, namely, an additive compound containing 
quadrivalent oxygen : 
CH, sa yu 

CH,cO”” \NO, 

In any case, we find that the formation of nitroamine is a far more rapid process 
than acetylation, 
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of the anhydride was very large relative to that of the acid, 
Further, inasmuch as the amount of this complex produced at 
given concentration, and its reactivity with the phenol, would 
depend on the nature of the acid, the speed of acetylation would 
vary with the acid used. In the case of phosphoric acid, both 
factors may play a part in rendering it so inefficient. 

The possibility of the agent being an additive complex of the 
acetic anhydride and the acid, in which the oxygen had become 
quadrivalent, that is, the compound which might be supposed to 
precede the acetyl perchlorate, etc., is, on the other hand, rendered 
more remote, as in that case no great difference would be expected 
between the various acids. 

Solvents.—The effect of solvents other than acetic acid has also 
been investigated. In chloroform, benzene, or acetone, s-tribromo- 
phenol is not acetylated at the ordinary temperature. In the 
presence of sulphuric acid, acetylation is complete in chloroform 
solution in twenty minutes (concentration, temperature, and ratio 
of acetic anhydride to phenol were the same as were used through- 
out these experiments: see Experimental Part; ratio of sulphuric 
acid to phenol=0°5: 1 gram-mol.). Although a reaction took 
place in benzene and acetone solution, it was very much slower, 
sufficient acetate for a melting-point determination being formed 
only after sixty minutes. 

Acetylation of Phenols.—As a practical method of acetylating 
phenols, from which acetyl derivatives are difficult to obtain, our 
experiments show that acids are far superior to sodium acetate as 
catalysts. A comparison of acids with pyridine, which was recom- 
mended by Verley and Bélsing (Ber., 1901, 34, 3354) as a catalyst 
in acetylation by means of acetic anhydride, has been made. 

In acetic acid solution, pyridine was found to be nearly as 
effective as perchloric acid, and therefore considerably superior to 
sulphuric acid. When the pyridine and the phenol were in 
molecular proportions (the other conditions of concentration and 
temperature being identical with those which we have used 
throughout), only 10 per cent. of the phenol remained after thirty 
minutes. In chloroform solution, the reaction is more rapid, no 
phenol remaining after fifteen minutes. If pyridine is used as 
solvent, as in the usual method of acylation by acyl chlorides, the 
reaction is obviously still more speedy. 


> 


EXPERIMENTAL. 


The measurements of the velocity of acetylation of s-tribromo- 
phenol by acetic anhydride in acetic acid solution in the presence 
of mineral acids were beset with many difficulties. In the first 
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place, it was impossible to avoid an initial rise of temperature on 
mixing, owing mainly to the reaction of the acetic anhydride with 
the water unavoidably present either in the acetic acid or in the 
mineral acid. We find that acids very greatly quicken this inter- 
action of acetic anhydride and water. This source of error could 
be, however, reduced to a minimum by mixing in a certain order. 

The phenyl acetate produced in a given time and the unchanged 
phenol were directly weighed, the weights being corrected for the 
solubility of each in the media from which they had separated. 
This correction was determined by estimations of the solubility, and 
by carrying out separations of mixtures of known quantities of the 
phenol and the acetate. 

The perchloric and phosphoric acids were used in the form of 
50 per cent. aqueous solutions, and the sulphuric as the ordinary 
concentrated acid. 

The following procedure was adopted after many trials as giving 
the most consistent results : 

Two grams (1/16°5 gram-molecule) of s-tribromophenol (crystal- 
lised from light petroleum, and melting constantly at 95°) were 
dissolved in 30 c.c. of glacial acetic acid (m. p. 16°4°), and placed 
in the bath kept at 15°; 25 c.c. of redistilled acetic anhydride 
were mixed with 45 c.c. of acetic acid, and the mineral acid 
(measured in a standard burette graduated to 0°01 c.c.) added, 
whereupon a sharp rise of temperature took place. When the 
temperature of the latter mixture had fallen to 15°, the two 
solutions were mixed as rapidly as possible, the temperature rising 
0'4—0°7°, but falling again to 15° within five minutes. 

Ten c.c. of the mixture (that is, a volume containing 0°2 gram of 
the original phenol) were withdrawn at intervals, and added to 
75 c.c. of warm (40—50°) water. After keeping for several hours, 
the suspension in dilute acetic acid was placed in a water-bath for 
two hours, filtered through a large Gooch crucible (which was fitted 
with filter paper), and washed with 50 c.c. of water at 15°. The 
crucible containing the solid was dried in an evacuated desiccator 
over sulphuric acid and phosphoric oxide. The phenol was then 
extracted from the solid by treatment with 25 c.c. of 2 per cent. 
sodium hydroxide for ten minutes at 15°, and the undissolved 
acetate collected in a Gooch crucible, washed in 50 c.c. of water 
at 15°, dried, and weighed. The phenol was isolated from the 
alkaline solution. ; 

A series of experiments showed that the loss of phenyl acetate 
was 5 milligrams, which must therefore be added to the weight 
found in order to determine the amount of phenol acetylated. The 
loss of phenol was greater, amounting to 0°0134 gram. 
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The quantities of the mineral acids, sulphuric and perchloric, 
relative to one gram-molecule of s-tribromophenol, used in the 
various experiments were respectively 1/8, 1/4, 1/2, and 1 gram. 
molecule. With the higher proportions of perchloric acid, the 
concentration was halved in order to bring the reaction to g 
measurable velocity. 

The following table summarises the results of one of the measure. 
ments, using perchloric acid, 1/8 gram-molecule: 

Time (in Acetate Phenol Percentage of 

minutes), (corrected). changed. phenol changed. K,. 
0°0373 0°0331 16°55 0°012 
0°0645 0°0570 28°53 0°0112 
0°0855 0°0754 37°72 0°0105 
0°1043 0°0925 46°27 0°0103 
0°1358 0°1205 60°25 0°0102 
0°1594 0°1415 70°74 0°0102 
0°1684 0°1494 74°74 0°0102 

K, is calculated from the equation: 

dx|dt =k. cphenol y eacetic anhydride, 


The concentration of the acetic anhydride cannot be exactly deter- 
mined, and since it is large relative to the phenol it may be taken 
as constant. Hence: 
dzx|dt — (k.cretic anhydride’ x cphenol — K , cphenot, 

Under K, we have values of X, calculated after the reaction has 
proceeded for thirty minutes, when the effect of the initial rise of 
temperature is no longer felt. 

The following values of K, and K, were found in a series of 
measurements when sulphuric acid is used as the accelerator: 

Proportion of 


sulphuric acid to 1 gram-mol. of Mean Mean 
s-tribromophenol. values of K,. values of Kj. 
1/8 gram-mol. "004 0:00372 
a 0°0064 
12 ~,, 001334 


The following values of K, and K, were found when perchloric 
acid was used as an accelerator: 


Proportion ot 
perchloric acid to 1 gram-mol. of Mean Mean 
s-tribromophenol. valves of Kj. values of Ky. 
1/8 gram-mol. 0°0097 
1/4 Fe , 0°0165 
1/2 ja : 0°0375 
1 * 0°0484 


Our thanks are due to the British Association for a grant which 
has partly defrayed the cost of this investigation. 
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CXXI.—TZhe Action of the Halogens on Aromatic 
Hydrazines. 
By Freperick DANIEL CHATTAWAY. 


Tue actions which take place when the halogens are brought into 
contact with primary aromatic hydrazines are so violent, and so 
large an amount of tarry matter is generally formed, that they 
have been comparatively little investigated, and in consequence 
the formation of the many different substances which are produced 
when the conditions of interaction are altered has never been 
accounted for satisfactorily. 

Emil Fischer, in the paper describing the behaviour of phenyl- 
hydrazine (Annalen, 1878, 190, 67), states that he found the action 
of chlorine and bromine on it so difficult to follow by reason of 
the violent gas evolution that he mainly concerned himself with 
the action of iodine. As the chief end products of the latter 
action he obtained phenylazoimide and aniline. Fischer stated 
later in a footnote (Annalen, 1893, 272, 214) that acetylphenyl- 
hydrazine can be directly brominated if dissolved in fuming hydro- 
chloric acid, and Michaelis (Ber., 1893, 26, 2190) showed that 
acetyldibromophenylhydrazine (N,H,Ac:Br:Br=1: 2:4) and di- 
bromobenzenediazonium chloride (N,Cl:Br:-Br=1: 2:4) were 
among the substances thus formed. Michaelis also found that 
under similar conditions phenylhydrazine itself could be brominated, 
p-bromophenylhydrazine hydrochloride and  p-bromobenzene- 
diazonium chloride being produced. 

The action of substituted nitrogen chlorides on phenylhydrazine, 
which can be kept under control, was investigated some years ago 
by Chattaway and Orton (Trans., 1901, 79, 467), and was shown 
to yield different products according as to whether the nitrogen 
chloride or the hydrazine was in excess. In the former case, 
chlorobenzene and nitrogen were the characteristic products, in 
the latter, phenylazoimide and aniline hydrochloride. 

The author has recently shown (Trans., 1908, 93, 852) that all 
primary aromatic hydrazines can be quantitatively converted into 
the corresponding diazonium salts either by chlorine or by bromine. 
If either halogen is allowed to act at a low temperature on the 
hydrazine dissolved in alcohol, the diazonium salt separates in a 
pure state. The conclusion was drawn that the formation of the 
solid diazonium salts is due to a substitution by halogen of two 
atoms of hydrogen in the -NH-°NH, group, followed by the 
elimination of halogen hydride. 


1066 CHATTAWAY: THE ACTION OF THE 


It was also shown (Proc., 1908, 24, 172) that the replacement 
of hydrogen in the -NH-NH, group can be carried to completion, 
and that V-tribromo-substituted hydrazines, the so-called diazonium. 
perbromides, are produced quantitatively when the requisite 
amounts of bromine are added to aromatic hydrazines dissolved in 
acetic acid. As the first action of a halogen in replacing hydrogen 
liberates halogen hydride, in all the experiments hitherto made 
the interaction of halogen and hydrazine has taken place in 
presence of acids. From the behaviour of the primary aromatic 
hydrazines when oxidised, it seemed likely that evidence of the 
formation of the mono--halogen-substituted derivatives, which 
should be the first products of the interaction of primary aromatic 
hydrazines with halogens, would be obtained if the reactions were 
carried out in presence of alkalis. Such compounds, in presence 
of alkali, would be unstable, and might be expected to decompose 
into nitrogen, halogen hydride, and a hydrocarbon. A disubstituted 
N-chloro- or -bromo-hydrazine corresponding with the hydrogen 
chloride or hydrogen bromide additive product of a diazonium salt 
might be formed in small amount when the conditions were favour- 
able, and would similarly decompose, yielding a mono-halogen- 
substituted hydrocarbon. These expectations have been completely 
realised. When chlorine or bromine is brought into contact with 
a primary aromatic hydrazine in presence of excess of potassium 
or sodium hydroxide, very vigorous action takes place, nitrogen is 
freely evolved, and the hydrazino-group, -NH-°NHg, is replaced by 
hydrogen; for example, benzene from phenylhydrazine, bromo- 
benzene from p-bromophenylhydrazine, and toluene from o- or 
p-tolylhydrazine are produced. 

We thus have the interesting result that the action of halogen 
on an aromatic hydrazine in presence of alkalis causes the replace- 
ment of the hydrazino-group by hydrogen. At the same time, 
subsidiary reactions occur to a comparatively small extent, whereby 
simple azo-derivatives and hydrocarbons of the diphenyl series are 
produced, the former being obtained in relatively much larger 
amount than when the hydrazines are oxidised. 

The author also finds that in acid solution the action of bromine 
on aromatic hydrazines, if sufficiently violent for the diazo- 
decomposition to take place, may give rise to more highly 
brominated hydrocarbons; for example, p-dibromobenzene, 1: 2: 4- 
tribromobenzene, and 1: 2: 4: 6-tetrabromobenzene have been 
obtained from phenylhydrazine. 

Any theory which attempts to explain the action of halogens on 
hydrazines must therefore account for the production of hydro- 
carbons, mono-, di-, tri-, and tetra-substituted hydrocarbons, az0- 
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derivatives, azoimides, hydrocarbons of the diphenyl series, 
diazonium salts, unsubstituted and substituted in the aromatic 
nucleus, and diazonium perbromides. 

The complicated changes, which result in the formation of so 
many different compounds, all depend on a progressive substitution 
of hydrogen attached to the nitrogen, followed by a breaking down 
or intramolecular rearrangement of the J-substituted hydrazines 
thereby produced. 

When a halogen acts on a primary aromatic hydrazine, one of 
the hydrogen atoms of the ‘NH-NH, group, probably one in the 
amino-group, is replaced,* a W-halogen derivative being formed. 
This, whilst comparatively stable’in presence of acids, undergoes at 
once the typical diazo-decomposition in presence of alkalis, thus, 
for example: 

C,H,-N-H C,H; Te -H C,H; 
> 1 
H-N-H H- -N --Br 

When a halogen, therefore, acts on a primary aromatic hydrazine 
in presence of an alkali, a hydrocarbon, the hydride of the aromatic 
group present in the hydrazine, is almost exclusively produced. ° 
When, however, an excess of halogen is employed, a relatively small 
amount of the N-monosubstituted hydrazine undergoes further 
substitution before disruption can take place, and a di-N-halogen 
substitution product is formed, which, like the mono-W-substituted 
hydrazine, although comparatively stable in presence of acids, 
undergoes the typical diazo-decomposition in presence of alkalis, a 
monosubstituted halogen derivative of the hydrocarbon formed in 
the first action being produced; for example,} phenylhydrazine 
yields bromobenzene, thus: 

C,H,-N-H C,H oN -Br C,H, N Br 

HNBr ~~” o-BeNH 4b * N * Bt’ 

* This, as in similar cases, is probably effected by the addition of two atoms of 
the halogen to the nitrogen, followed by the elimination of a molecule of halogen 
hydride. 

. It seems probable, owing to the more basic character of the amino-group, that 
addition of halogen and consequent replacement of hydrogen takes place first in 
’ this group. The further actions can be equally well explained whether the second 
replacement takes place in the *NHBr group or the C,H,*NH group; the second 
alternative is here employed, since the Blomstrand formula for diazonium salts is 
now generally adopted. The typical diazo-decomposition obviously can also be 
explained by assuming that , takes place thus : 

ans se. 
NN o> +N, + re 
Br” al Br 

The formulation adopted i in the paper seems, sl ever, more probable, recalling as 

it does the mode in which halogen hydride is eliminated from substituted hydro- 


carbons under the influence of alkali hydroxides. 
VOL. XCV. 4A 
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In presence of acids, the mono-N-substituted hydrazine being in 
these circumstances comparatively stable, the replacement of a 
second hydrogen atom by halogen takes place practically quan- 
titatively, the whole of the hydrazine being thus converted into a 
di-V-halogen-substituted hydrazine. The affinity of the terminal 
nitrogen atom for the hydrogen and bromine atoms being now 
weakened by the more negative character of the R-N-Br group, 


these are easily eliminated in presence of weakly basic substances, 
such as alcohol, and, therefore, if the action is carried out in 
alcoholic solution, a solid diazonium salt separates * (Chattaway, 
Trans., 1908, 93, 852) on addition of ether. 

The third and final stage in the replacement by halogen of the 
hydrogen attached to nitrogen in the aromatic hydrazines can be 
realised if bromine is employed, the W-tribromohydrazines—which 
are, in fact, the so-called diazonium perbromides—being produced. 
These, when heated, decompose into bromine, nitrogen, and a 
bromo-substituted hydrocarbon. Halogens, therefore, substitute 
the hydrogen attached to nitrogen in hydrazines atom by atom; 
for example, bromine acts on phenylhydrazine thus: 

C,H;-N-H C,H,-N-H C,H,-N-Br C,H,;-N-Br 

—> | —-s i _— | . 
H-N-H Br-N-H Br-N-H Br-N-Br 

Each of these W-halogen substitution products of the hydrazines 
can undergo the typical diazo-decomposition quantitatively. Thus, 
by the action of bromine on phenylhydrazine, either benzene or 
bromobenzene is obtained in this manner, nitrogen and hydrogen 
bromide or bromine being eliminated, thus: 

C,H,--N--H C,H,--N--Br C,H,--N--Br 
H--N--Br Br--N--H Br--N--Br’ 

The formation of all the other products which, under varied 
conditions, have been obtained from the hydrazines by the action 
of halogens can be simply explained. 

In presence of a considerable excess of hydrochloric or other 
strong acid, the basic -NH, group is to a large extent protected 
against the action of the halogen,? and substitution takes place 
most readily in the ‘NH group. The N-halogen compound thus 
produced is of the type of the acyl halogen amino-compounds, and 
under the influence of the acid undergoes the intramolecular re- 
arrangement characteristic of these compounds, whereby the halogen 


* As the interaction of halogen and hydrazine is usually very vigorous and 
accompanied by considerable evolution of heat, the diazonium salt may be decom- 
posed, tarry matter being formed unless the action is ‘carefully carried out with 
efficient cooling. 

+ This is probably owing to the union of the acid with the *NH, group preventing 
the addition of halogen which is necessary before substitution can take place. 
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passes into the para- or ortho-position in the nucleus; mono-, di-, 
and tri-substituted hydrazines are thus produced, whilst the higher 
substitution products of the hydrocarbons, for example, p-dibromo- 
benzene, 1: 2: 4-tribromobenzene, and 1: 2: 4: 6-tetrabromobenzene, 
are formed, when, owing to vigorous action, further substitution 
in the "NH*NH, group, followed by the typical diazo-decomposition, 
results, for example: 

NBr-NH,,HBr NH°NH,,HBr NBr°-NH,,HBr NH:°NH,,HBr 
¥ “ ‘4 *\ o \ae 

ae” esi “ale od 

bd i bf 

Br Br Br 

NH-NH.,,HBr 


Even in presence of a large excess of acid, the -NH, group is 
always to a considerable extent attacked, the yield of p-bromo- and 
2: 4-dibromo-substituted hydrazines therefore is never satisfactory, 
diazonium salts and their decomposition products always being 
produced in large amount.* The actual formation of 2: 4: 6- 
tribromophenylhydrazine or the corresponding diazonium bromide 
has not actually been observed, only 1: 2: 4: 6-tetrabromobenzene, 
the product of its decomposition, having been isolated. 

The various by-products produced in the subsidiary reactions, 
which take place when halogens react with hydrazines, can also be 
satisfactorily accounted for; for example, the production of azo- 
benzene, in the formation of which two monosubstituted molecules 
take part, thus: 

C,H,-NH-NHCI ve C,H,,NH-N-Cl 
O,H,NH-NHC| “ C,H,-NH-N-H 
C,H,,-NH N Cl 
+ I+ 
C,H,-NH N H 

The hydrazo-compound first formed is converted into diphenyl 

and into the azo-derivative by the further action of the halogen, 


* Michaelis and Vaubel found that in the bromination of phenylhydrazine in 
presence of hydrochloric acid, less than half the hydrazine was converted into its 
substitution product. 

442 
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followed by elimination of halogen hydride in presence of the alkali, 
thus: 
C,H, NH O,H,°N-Cl C,H;-N OH; N (Cl 
i — | > i or | + il + Lt 
C,H, NH C,H,-N-H C,H,°N C,H; 
Again, the monosubstituted molecule must react with the un- 
substituted hydrazine to produce the azoimide and amine formed 
when the free hydrazine is present in excess; for example: 
C,H;-NH-NH, _ C.H,-NH-NH O,H,-NH-NH 
C,H,-NH-NHCl C,H,"NH-NH — CIN-NH-C,H, 


N 
—> GH; N<{} +HCl + 0,H,-NH,. 


EXPERIMENTAL. 


Action of Potassium Hypochlorite on Phenylhydrazine in Presence 
of Potassium Hydrozide. 


A N/2-solution of potassium hypochlorite was added in equivalent 
amount (KOCI: C;,H;-NH:*NH,) to phenylhydrazine suspended in an 
excess of 4-potassium hydroxide; vigorous effervescence ensued 
due to escape of nitrogen, the liquid became warm, and a brownish- 
red, oily substance, having a strong odour of benzene, separated 
and floated to the surface. On passing steam through the fluid 
product, this red liquid distilled over and collected on the 
surface of the condensed water, a small quantity of red solid 
crystallising in the tube of the condenser towards the end of the 
operation. Only a small quantity of tarry matter was left behind 
in the alkaline residue. The red liquid was separated, dried, and 
fractionated ; it proved to be a mixture of benzene and azobenzene, 
together with a very small quantity of diphenyl. The benzene 
obtained amounted to about 90 per cent. of the quantity theoreti- 
cally obtainable from the phenylhydrazine used. 

When a solution of potassium hypochlorite is added to an aqueous 
solution of phenylhydrazine, both being cooled to below 0°, the 
liquid becomes turbid, and a small quantity of a yellow solid 
separates. On adding a concentrated solution of potassium 
hydroxide, effervescence takes place, and benzene and azobenzene 
are produced as before. 

The volume of nitrogen liberated in a number of experiments 
was measured ; it corresponded within the limits of error with the 
amount of benzene produced. If, instead of adding the solution of 
potassium hypochlorite to the phenylhydrazine, the latter is added 
to the former, the action is in the main the same, but in addition 
to the benzene a little chlorobenzene is formed, and the amount of 
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azobenzene produced is proportionally larger. In one experiment 
in which the quantities of each of these substances formed were 
determined, approximately ten parts of benzene to one part of 
chlorobenzene and two parts of azobenzene were obtained. The 
amount of tar produced is rather larger when this procedure is 
adopted. Similar experiments were made, in which the amount of 
alkali used was gradually diminished. These showed that diminish- 
ing the amount of alkali increased the yield of chlorobenzene and 
correspondingly diminished that of benzene. > 
When the hypochlorite is added to the phenylhydrazine without 
a large excess of alkali being present, in addition to benzene and 
azobenzene, phenylazoimide is formed. 


Action of Acetylchloroamino-2 :4-dichlorobenzene on Phenyl- 
hydrazine in Presence of Potassium Hydrozide. 


Phenylhydrazine was mixed with about six times its weight of a 
4N-solution of potassium hydroxide in alcohol, air being carefully 
excluded from the solution, which was cooled in a freezing mixture. 
To this was slowly added an equimolecular amount of acetylchloro- 
amino-2: 4-dichlorobenzene dissolved in about four times its weight 
of alcohol. Considerable heat was developed in the action, which 
was somewhat violent, much nitrogen was evolved, and a deep red- 
coloured liquid was produced. On distilling in a current of steam 
and diluting the distillate with water, a reddish-coloured, oily liquid 
separated. This was found to be composed approximately of 94 
parts of benzene, 5 parts of chlorobenzene, and 1 part of azobenzene. 
A very little diphenyl was also present. Only a small quantity of 
tar was formed. 

The actions of potassium hypochlorite and of acetyl chloroamino- 
2: 4-dichlorobenzene in presence of alkalis on p-bromophenyl- 
hydrazine and on o- and ptolylhydrazine were also investigated. 
The experiments made and the results obtained were precisely 
similar to those described above. 


Action of Potassium Hypobromite on Phenylhydrazine in Presence 
of Potassium Hydroxide. 


The experiment was carried out much as with potassium hypo- 
chlorite, except that an equimolecular quantity of potassium hypo- 
bromite was used. This was prepared by adding bromine to a 
strongly cooled N-solution of potassium hydroxide so long as its 
colour was discharged. The results were very similar to those 
obtained with hypochlorite; nitrogen was evolved, benzene, azo- 
benzene, and a little diphenyl were formed. A rather larger 
amount of tarry matter was produced, and the yield of benzene was 
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less than in the previously described experiment, about 70 per cent, 
of the benzene which theoretically might be obtained from the 
phenylhydrazine used was isolated. 

If the mixture of aqueous potassium hydroxide and phenyl. 
hydrazine is added to the alkaline potassium hypobromite, a little 
bromobenzene is obtained in addition to the benzene and azobenzene, 
and the amount of this is increased if the quantity of alkali present 
during the action is diminished, or if a large excess of hypobromite 
is sed. For example, in one experiment, in which the mixture 
of phenylhydrazine and potassium hydroxide was added to twice 
the equivalent quantity of potassium hypobromite, an amount of 
bromobenzene equal to one-sixth of the weight of the benzene 
formed was obtained. The action of a substituted nitrogen 
bromide, as, for example, acetylbromoamino-2: 4-dichloroacetanilide 
or V-dibromobenzenesulphonamide, C,H;*SO,*NBr., dissolved in 
alcohol on phenylhydrazine dissolved in alcoholic potash, also, is 
similar to that of the corresponding chlorine compound. Benzene 
is the main product, together with a little bromobenzene and azo- 
benzene. p-Bromophenylhydrazine and o- and ptolylhydrazines are 
acted on in a precisely similar manner by potassium hypobromite 
or substituted nitrogen bromides in presence of potassium hydroxide. 


Action of Hypobromous Acid on Phenylhydrazine. 


A WN/3-aqueous solution of hypobromous acid, prepared by 
shaking yellow mercuric oxide suspended in water with bromine, 
was added to an equivalent quantity of phenylhydrazine. Nitrogen 
was evolved, and a brown, oily liquid separated. Steam was then 
blown rapidly through the liquid. At first, a pale yellow, oily liquid 
distilled over with the steam and condeased with the water, its 
density being slightly greater than that of water. When this oily 
liquid ceased to pass over, a small quantity of a colourless solid, 
which proved to be 2: 4: 6-tribromoaniline, crystallised out in the 
tube of the condenser. The yellow, oily liquid was found to be 
composed of approximately 15 per cent. of benzene, 40 per cent. of 
bromobenzene, 40 per cent. of phenylazoimide, and 5 per cent. of 
a solid residue, from which a little 2: 4-dibromobenzene and 1: 2: 4- 
tribromobenzene, together with small quantities of p-bromoaniline 
and 2: 4-dibromoaniline, were isolated. 


Action of Bromine on Phenylhydrazine in Presence of Hydrochloric 
Acid. 


The action of excess of bromine on phenylhydrazine dissolved in 
concentrated hydrochloric acid gives rise to V-tribromo-substituted 
phenylhydrazines, which, if the temperature is not kept low during 
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the addition of the bromine, undergo the diazo-decomposition 


cent. 

| the characteristic of these compounds, nitrogen being evolved, and 
promo-substitution products of benzene being formed. The main 

enyl.- product of such energetic bromination has been found to be always 

little promobenzene, but from among the products of such actions 

zene, 2: 4-dibromobenzene, 1: 2: 4-tribromobenzene, and 1: 2: 4: 6- 

sent, tetrabromobenzene have been isolated. 
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we OXXII.—Some Physical Properties of Radium 

ite Emanation. 

de. By Rospert Wuytiaw Gray and Sir Witi1aAM Ramsay, K.C.B. 
Tuat radium emanation can be condensed by cold was discovered 
by Rutherford and Soddy in 1903 (Phil. Mag., [vi], 5, 561) ; Ramsay 

by and Soddy, in the same year, proved that it obeyed Boyle’s law; 

“ a preliminary measurement of the wave-lengths of its spectrum 

$6 was carried out by Collie and Ramsay; Rutherford and Soddy, in 

a 1902, and Ramsay and Soddy, in 1903, made experiments demon- 

ad strating the inactivity of the gas, which may therefore be taken 


as one of the argon series. 


ly Two other radioactive elements also evolve inactive gases, namely, 
d, thorium and actinium. The emanation from thorium was shown 
“ by Rutherford and Soddy to resist the attack of the most powerful 
° oxidising and reducing agents (Phil. Mag., 1902, [vi], 4, 581; 1903, 
, [vi], 5, 457) ; and it is practically certain that actinium emanation is. 
: also inactive. Attempts to determine the molecular weights of these 


gases by means of diffusion have yielded approximate results only 
in the case of radium emanation ; the most trustworthy experiments 
appear to be those of Perkins (Amer. J. Sci., 1908, [iv], 25, 461), 
in which he compared the rates of diffusion of emanation and 
mercury vapour at 250° and 275°, and deduced the numbers 235 
and 234 for the molecular and for the atomic weight of the 
emanation. On the other hand, P. Curie and Danne found 176; 
Bumstead and Wheeler, 180; and Makower, and Rutherford and 


Miss Brooks obtained similar results. 
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An excerpt from the periodic table shows the probable atomic 
weights of the higher members of the series, of which helium is the 
first member. 


N. P. As. Sb. Bi. 02 
14 (17) 81 (44) 75 (45) 120 (44) (44) 208 (44) 259 
O. Ss. Se. Te. i 2, 2, 
16 (16) 82 (47) 79 (48) 127 (42) (43) 212 (45) 257 
H: F. Cl. Br. I. 2, % , 
1 (18) 19 (16°5) 35°5 (44°5) 80 (47) 127 (44) 171 (44) 215 (44) 259 
He. Ne. A. Kr, Xe. 2, 4 2, 
4 (16) 20 (20) 40 (43) 88 (48) 131 (44) 175 (44) (44) 263 
Li. Na. K, Rb. Cs. 2, 2. %, 
7 (16) 23 (16) 39 (46) 85 (48) 183 (44) 177 (44) (44) 265 
Gl. Mg. Ca. Sr. Ba. 2. Rd. % 
9 (15) 24 (16) 40 (47) 87 (50) 1387 (45) 182 (44) 226 (45) 271 


(The figures in brackets give the differences between consecutive atomic weights.) 


It is obviously possible to decide which of the inactive gases 
occupies the position of the elements with atomic weights 175, 219, 
and 263, by determining their vapour-pressures. This has been 
now experimentally accomplished for radium emanation ; the boiling 
point under atmospheric pressure is —62° or 211° absolute. The 
critical temperature has also been observed; it is 104°5°, or 
377°5° abs. In Fig. 1 are shown the boiling points and critical 
points of argon, krypton, and xenon plotted against molecular 
weights. The lines lie on the arc of a circle; and this arc, if 
prolonged, cuts the ordinate on which the boiling point lies at 
the point representing the atomic weight 176. The critical point 
also lies on a similar arc, and gives the same value for the atomic 
weight of the emanation. If, on the other hand, the atomic weight 
be taken as 219, that of the second element after xenon, the boiling 
point would be 260° abs., 49 degrees higher; and the critical 
temperature, instead of 377°5°, would be 430° abs., no less than 
53 degrees higher. Looking at the question from another point of 
view, the boiling and critical temperatures have been mapped on 
the assumption that the atomic weight is 219; it is evident that in 
no case could curves be drawn which with any probability would 
pass through these points. 

Lastly, as seen in Fig. 2, the critical pressures of argon, krypton, 
and xenon also lie on the are of a circle with much smaller radius 
than circles passing through the boiling and critical temperatures ; 
this makes it more doubtful whether the position assigned to the 
‘emanation on the arc of this circle is justified; but, if it be placed 
on the circle, the atomic weight is again indicated as approximately 
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176. The volume of gas obtainable from unit volume of liquid 
has also been measured; but it is impossible to draw any useful 
deduction from this ratio; for, if the density of the gas be taken as 
176/2, the liquid has a density which places it on a point on the 
almost straight line joining the densities of liquid argon, krypton, 
and xenon mapped against their atomic weights nearly on the 
176 ordinate ; if, however, the liquid be assumed to be derived from 
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a gas of density 219/2, its density is proportionately higher, and it 
fits the curve at a point where the 219 ordinate intersects it. 


EXPERIMENTAL. 


After a number of preliminary trials (of one of which an account 
has appeared: Proc., 1909, 25, 82), three completely successful 
experiments were made, in which different quantities of emanation 
yielded by a solution of radium bromide containing 0°2111 gram 
of metallic radium were accurately measured, and then compressed 
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in a modified Andrews’ apparatus and their vapour pressures 
measured at different temperatures. The volume of the liquid was 
also determined. 

(1) Quantity of Radiwm Employed.—The quantity of radium con. 
sisted of two lots of 50 milligrams each, bought from Buchner and 
Co., and tested not only against each other, but also against three 
different lots of bromide from the same source, all of which showed 
uniform y-ray discharging power. This, of course, is no guarantee 
of purity; but, as Professor Giesel informed us that they were all 
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extracted at different times, the fact of uniformity is in itself a 
strong presumption that the specimens were of high purity. This 
evidence, it may be remarked, is the same in nature as that of the 
purity of any chemical compound. The fact that a specimen of 
sodium chloride is considered to be pure depends on the quantitative 
agreement of one or more of its properties with those of other 
specimens prepared under different conditions. The remainder of 
the radium bromide was the sample kindly lent by the Vienna 
Academy (for data regarding its quantity, see Sitzungsber. K. Akad. 
Wiss. Wien, 1908, 117, July). The total quantity of radium 
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promide used in these experiments was 0°3942 gram of RdBr,,2H,0, 
and the content of all in metallic radium (atomic weight=226) was 
02111 gram. 

(2) Method of Collection.—The radium bromide contained in 
three bulbs in solution in water was in communication with a 
pump, by means of which the mixture of explosive gases could be 
withdrawn when required. After the curious change of rate of 
production of the explosive gases, described in a letter to Nature 
(December, 1908), of which a short account is given in the appendix 
to this paper, had ceased, the rate of evolution has remained quite 
constant at 25 c.c. every seven days, measured at atmospheric tem- 
perature and pressure. 

This gas was stored for about an hour in the collecting-tube, the 
interior of which was coated with fused potassium hydroxide. It 
was then transferred in portions to an explosion burette, previously 
washed out with pure hydrogen, prepared from palladium-hydrogen ; 
before each explosion, care was taken to draw the mercury past the 
stopcock, so that no contact was possible between the exploding gas 
and the grease of the tap. This residue always consisted of 
hydrogen, and varied in amount; we are unable to ascribe any 
cause to this variation. The residue, which was usually about 
02 c.c. in volume, was transferred to a small tube, also previously 
washed out with hydrogen, the interior of which was coated with 
potassium hydroxide; the burette was washed out with about 1 c.c. 
of pure hydrogen into this tube, and the small amount of gas was 
left standing for an hour or more, to guard against the possible 
presence of carbon dioxide. 

If the emanation comes into contact with grease, it apparently 
dissolves, and pure hydrogen is continuously generated ; this renders 
it impossible to evacuate the apparatus perfectly; and it will be 
seen that the secret of success is due to the practical absence of 
“uncondensable ” gas. To avoid contact with grease, the apparatus 
shown in Fig. 3 was employed. The cap A, ground to fit the 
constricted end of the inverted siphon 2B, was kept covered with 
mercury in the trough C’; no grease was used, for the mercury itself 
made the joint a tight one. The reservoir D was lowered, so that 
the mercury stood at the level # in the vertical tube. Similarly, the 
reservoir F was lowered until the mercury stood at G, thus forming 
connection with the pump, when the tap H was opened. The tube Z 
contained small lumps of quicklime freshly made from calc-spar. 
After evacuation, the apparatus was heated several times with a 
Bunsen flame until no further trace of gas could be extracted with 
the pump. In this way complete absence of absorbed gas on the 
interior walls of the tube was ensured, as well as on the lime in 
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tube Z. Hydrogen was then admitted through the inverted siphon 
B, by quickly removing the cap A, and at once depressing a small] 
tube containing pure hydrogen over the inverted siphon. In 4 
moment, the hydrogen enters, the tube is removed, and the cap 
replaced. This hydrogen was left in the apparatus overnight. 
Next morning, the apparatus was again pumped empty, and again 
heated until no trace of gas appeared 

Fia. 3. in the fall-tube of the pump. Next, 

= by raising the reservoir F, mercury 
MH: passed the tap H, which was then 
= closed. The emanation, mixed with 
hydrogen, was then admitted to the 
apparatus through the inverted 
siphon, and the cap replaced. The 
reservoir D was then raised until 
the mercury attained the level X; 
the gas was left in contact with the 
lime for about an hour; it is abso- 
lutely necessary that it should be 
dry, else moisture is continuously 
decomposed, and it is impossible 
afterwards to evacuate the appara- 
tus. At this stage, the lime was 
heated. The tube J was then cooled 
with liquid air, contained in a moist 
paper cone, so as to condense the 
emanation; this was complete in 
twenty minutes. Both reservoirs 
were then lowered; the tap H was 
opened, and the hydrogen was 
pumped off until no trace of gas was 
visible in the capillary fall-tube of 
the pump. This fall-tube had a 
capacity of 2°3 cub. mm. per centi- 
metre length, so that less than 
0°0006 cub. mm. of gas could easily 
be detected at the top of the fall-tube. 
The mercury was then run up to J, 
and the liquid air in the paper cone, which needed constant renewal 
during these operations, was allowed to evaporate; the cone was 
then removed. After the emanation had volatilised, the mercury 
was run up, and the emanation was driven into the fine capillary 
tube M. Its volume was at once measured against the scale shown 
‘in the figure, at atmospheric, and also under diminished, pressure. 
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The tube was then cut at W, after raising the mercury in the 
reservoir to that level; and the tube was transferred to the com- 
pression apparatus, and compressed until liquid appeared. It was 
then jacketed at various temperatures, and the corresponding 
pressures were read. 

(3) Properties of the Liquid Emanation.—The liquid emanation 
is colourless, and transparent, like water, when seen by transmitted 
light ; it itself is, however, phosphorescent, and shines with a colour 
varying with the nature of the glass forming the tube in which it 
is confined ; it might be more correct to say that it causes the glass 
to phosphoresce. The colour varies from blue to lilac; in silica, it 
is blue; in lead-potash glass, bluish-green ; and in soda-glass, lilac ; 
when compressed strongly in soda-glass, the colour reminds one of 
the cyanogen flame, at once blue and pink. On cooling further, 
the liquid solidifies, and ceases to transmit light; on warming, it 
again becomes transparent. This gave a means of determining its 
melting point, using a pentane thermometer, which registered 
correctly at the ordinary temperature and at the temperature of 
a pasty mixture of carbon dioxide and alcohol (—78°3°: Travers, 
Experimental Study of Gases). The actual temperature at which 
the emanation melts is —71°. 

(4) Properties of the Solid Emanation.—On cooling further with 
alcohol cooled with liquid air, the colour of the phosphorescence 
changes. The solid glows with great brilliancy, like a small, steel- 
blue arc-light. Further reduction of temperature changes the 
colour to yellow, and in liquid air it is brilliant orange-red; the 
colour change takes place in inverse order on warming. The red 
phosphorescence disappears pretty sharply at —118°. 

All these phenomena were observed with a microscope the 
objective of which was about one inch focal length. 

(5) Vapour Pressures of Radium Emanation.—The tube contain- 
ing the liquid was calibrated in the following manner: It was 
drawn from thermometer-tubing of regular bore; its diameter was 
about 1/20th mm. As it would have been impossible to weigh 
accurately the mercury, which formed a short thread in the tube, 
the somewhat varying capacity of the narrow capillary was found 
by comparing the length of a thread at a number of points by 
means of a travelling microscope. This thread was then sucked 
into the wider capillary of the thermometer-tube, and its length 
again determined. The volume of a known length of the 
thermometer-tube was determined by weighing the mercury which 
filled it. 

The pressure was found to vary with the volume, even although 
liquid was present; this, as usual, was due to uncondensable gas. 
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To estimate its volume, pressure readings were taken with different 
quantities of liquid in the tube, at a series of constant tempera. 
tures; and, at the same time, measurements of the total volume of 
the gas and vapour were made. From these data, the pressure 
exerted by the uncondensable helium and hydrogen was calculated 
and subtracted in each case from the observed vapour pressure. 

The ratio between the absolute temperature observed at any 
pressure and that of methyl alcohol at the same pressure was 
calculated for all the observations, varying between —10° and 
+104°5°, the latter being the critical temperature. These ratios 
were then mapped against the absolute temperatures of methyl 
alcohol, and gave a series of points through which a straight line 
could be drawn with small risk of error. From these observations, 
the vapour-pressure curve was calculated, and the divergence of each 
observation from the calculated temperature is given in the 
following table: 

First Serves. 


Pressure Temperature Temperature 
in mm, Ratio found. Ratio smoothed. found, ° abs. smoothed, ° abs, 
6224 1°478 1°492 273:0° 270°4° 
6303 1°479 1°488 278°2 271°5 
6553 1°474 1°486 275°'5 273°2 
9524 1°444 1°461 291°3 287°9 
14055 1°439 1°439 3030 303°0 
14458 1°437 1°431 304°4 305°7 
17345 1°416 ‘418 314°9 314°5 
17480 1°417 417 315°6 315°5 
17779 1°414 415 316°1 316°3 
17961 1°412 414 316°8 318°2 
18713 1°409 ‘411 318°7 318°4 
138826 1°406 “411 319°6 318°4 
199397 1°402 “403 322°5 322°3 
21056 1°396 401 325°9 324°6 
23572 1°383 392 332°9 330°7 
24392 1°380 334°7 332°6 
24865 » 1°379 3360 334°0 
26074 1°371 340°0 336°5 
28295 1°365 344°0 341°9 
28739 1°361 346°0 343°0 
33618 1°355 354°0 352°8 
36561 1°347 359 °2 360°8 
38065 1°340 7 362°6 362°9 
38607 1°341 ‘ 363°0 361°9 
39215 1°339 : 364°2 363°8 
41084 1°335 ; 367°5 366°4 
46051 1°330 ‘ 374°0 375°4 
47053 1°329 ‘ 375°0 376°5 
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Second Series. 


Pressure Temperature Temperature 
in mm. Ratio found. Ratio smoothed. found, °abs. smoothed, ° abs. 
5031 1°504 1°505 263 ‘0° 262°9° 
5528 1°495 1 496 266°8 266°7 
6078 1°497 1°491 269°0 270°2 
6654 1°499 1°486 271°0 273°3 
11671 1°461 1444 - 293°8 297°3 
11703 1°462 1°444 293°7 297°3 
14123 1°440 1°433 303:°0 304°4 
15132 1°437 1°422 308°0 311°2 
17263 1°424 1°417 313°0 314°5 
20024 1°399 1°405 323°0 322°4 
22460 1396 1°396 328°0 328 °0 
23709 1°384 1°391 333°0 331°3 
27164 1°381 1°378 339°0 339°6 


42026 1:303 1°336 377°5 368°3 


In drawing the straight lines from which the smoothed ratios and 
smoothed temperatures are deduced, equal weight has been given 
to each observation; thus, in each series, if the algebraic sum of 
the minus and plus quantities be divided by the number of 
observations, it will be found that the quotients cancel out. Thus, 
although individual observations show considerable divergence from 
the smoothed values in many cases, the calculated temperatures may 
be taken as accurate. The vapour pressures of the emanation, 
calculated from the smoothed ratios, are given in the table which 
follows : 

Vapour Pressures of Radiwm Emanation. 


Pressure Temp. Pressure Temp. | Pressnre Temp. 
in mm. ° abs, in mm. ° abs, |; inmm. ° abs. 
500 202°6° 5000 262'8° | 30000 346:0° 
800 212°4 10000 290°3 35000 356°0 
1000 2172 15000 307.6 40000 364°4 
2000 234°5 20000 321°7 45000 372°9 
4000 255°3 25000 334°5 | 47450 377°5 

| (crit. ) 


Below 500 mm. pressure, the emanation is solid. 
(6) Volume of the Emanation.—Three successful experiments 
were made; in the first of these, measurements made at atmospheric 
temperature and pressure gave for the emanation collected from 
0'2111 gram of radium as bromide, during seven days, 0°0986 
cub. mm., corrected to 0° and 760 mm. Measurements at 
111°2 mm. and 16° gave 0°0882 cub. mm., corrected to 0° and 
760 mm. The mean of these, 0°0934 cub. mm., was diminished by 
subtracting the volume of hydrogen and helium which it contained, 
namely, 0°0054 cub. mm.; the remainder is 0°0880. To that has to 
be added the volume of emanation pumped off, the quantity of 
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which was estimated by the relative y-ray activity of the two 
quantities ; this was 0°0032 cub. mm.; the total is 0°0912 cub. mm. 

The second experiment gave at atmospheric temperature and 
pressure a volume 0°1060 cub. mm.; at 135°4 mm., the volume was 
0°1106 cub. mm.; the mean is 0°1083 cub. mm. Subtracting the 
volume of the uncondensable gas, 0°0054, the remainder is 0°1029 
cub. mm.; and adding the volume pumped off, 0°0037, the total 
volume is 0°1066 cub. mm. at 0° and 760 mm. This was obtained 
from the same quantity of radium in ten days. 

In the third experiment, at atmospheric temperature and 
pressure, the corrected volume was 0°1271 cub. mm.; at 275 mm., 
the corrected volume was 0°1237 cub. mm., giving a mean volume 
of 0°1254 cub. mm., at 0° and 760 mm. The volume of impurity 
was 0°0083, and that of the emanation pumped off was 0°0064, 
making a final volume of 0°1235 cub. mm. This emanation had 
accumulated from the same quantity of radium in twenty-three 
days. 

These results, calculated for the equilibrium quantity obtainable 
from 1 gram of radium metal, are as follows: 


I. 0°604 cub. mm. at 0° and 760 mm. 
II. 0°606 i 9 ’ ” 
III. 0°594 PY) ” ” ” 


Mean = 0°601 99 ” ” 9 


This gives a half-life period for radium, on the two assumptions 
that the half-life period of the emanation is 3°86 days, and that 
the atom of radium, as well as that of the emanation is monatomic, 
of 1258 years. 

Previous experiments by Cameron and Ramsay have shown larger 
volumes for the emanation; this is explainable by the fact that 
foreign gas remained mixed with the emanation; its presence has, 
as mentioned, been allowed for in the present research. The volume 
does not differ materially from the first observations of Ramsay 
and Soddy; but they, as well as Rutherford, neglected the original 
volume measured, in which foreign gas was undoubtedly present. 
It would appear that hydrogen and helium, in presence of the 
emanation, enter the walls of the tube; Mr. Usher, in this 
laboratory, has made quantitative observations on the point, which 
will be recorded later. The initial contraction of the gas, observed 
by Cameron and Ramsay, as well as by Ramsay and Soddy, and 
also by Rutherford, is undoubtedly due to this circumstance. 

(7) Volume of the Liquid Emanation.—The gaseous emanation, 
confined in the narrow capillary tube connected with the pressure 
apparatus, was liquefied in each experiment, and the volume of 
the liquid was measured at atmospheric temperature; one 
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observation only was made at about the boiling point of the 
emanation ; this is a difficult matter, owing to the freezing of the 
mercury at the low temperature. The length of column of the 
capillary tube occupied by liquid was measured with a reading 
microscope to the 500th of a millimetre, the volume of the conical 
end of the tube being estimated on the assumption that it was a 
perfect cone; little error is introduced by this assumption, as 
most of the liquid was in the cylindrical part of the tube. The 
results are stated in cubic millimetres of gas at 0° and 760 mm., 
yielded by 1 cubic millimetre of liquid: 

(1) 461°; (2) 686; (3) 535; (4) 623; (5) 447; (6) 581 (near boiling 
point of emanation). 

The mean is 555. The actual volume measured was about 
0:00025 cub. mm., and occupied about 0°24 mm. length of the tube. 
Of course, it varied in different experiments ; these figures are given 
only to show the magnitude of the quantities measured. 

The density of the liquid can be calculated only by assuming the 
density of the gas. If it be assumed that the atomic weight of 
the gas is 176, and the density 88, the density of the liquid becomes 
4:6; the curve indicates that 4°8 would have been a more probable 
number. On the other hand, taking the atomic weight as 219, 
implying the density 109°5, the value would be 5°7; this number 
would equally well fit the curve. Until the actual density of the 
gas has been determined by weighing, it must be left doubtful 
which of these numbers is correct. But the strong presumption is 
in favour of the lower number. 

We are well aware that the deduction drawn from these results, 
namely, that the emanation has the atomic weight 176, does not 
agree with the theory advanced by Rutherford regarding the pro- 
gressive degradation of radium. Perhaps a non-radioactive sub- 
stance is simultaneously produced when the emanation escapes 
from radium. It is possible to speculate that, instead of the 
equation : 

Ra = He + Em, or Ra = 2He + Em 
226 4 222 226 8 218 


the change actually occurring should be: 


Ra = He + X + Em, or Ra = 2He + X + Em 
226 4 46 176 226 8 42 176 
A ppendiz. 


In November, 1907, the Imperial Academy of Science of Vienna 
was so kind as to lend one of us a relatively large quantity of what 
professed to be radium bromide of approximate purity. This 
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sample, as well as two others, was dissolved in water in three bulbs, 
all of which were sealed to a Tépler pump, and use was made 
continuously of the emanation mixed with the decomposition 
products of water. The total amount of radium, as metal, was 
02111 gram, and it produced about 25 c.c. of mixed oxygen and 
hydrogen every week. Much of the specimen from Vienna was 
insoluble in water ; and it was found to consist largely of carbonate, 
On December 20th, 1907, some hydrobromic acid was introduced 
into the bulb containing the large quantity of radium; the 
insoluble matter all dissolved, with effervescence. For some months 
after this, bromine was evolved, and attacked the mercury of the 
pump ; it ceased to appear in April, 1908. After that, the evolution 
of explosive gas was regular, until November, 1908. On November 
llth, the normal amount of gas was produced; on that day, an 
apparatus, constructed of lead and paraffin, containing a mixture 
of mercuric chloride and ammonium oxalate, was placed by Dr. 
Flaschner close to the “ Vienna bulb.” On November 18th, there 
was “remarkably little gas; about 10 c.c.” On November 25th, 
there were “only a few c.c.” Suspecting a stoppage in the tap, 
air was introduced into the pump, the tap and tubes were cleaned, 
but there was no sign of a stoppage. The apparatus was again 
pumped to a vacuum, and left. On November 30th, only half a 
cubic centimetre was collected; on December 7th, about the same 
quantity; and on the 14th and the 18th, no greater amount was 
collected. On that date, Dr. Flaschner removed his apparatus, and 
after some hours replaced it, refilled. The emanation was not 
drawn, after this, until January 11th—three weeks later. Eight 
c.c. of explosive gas were collected. On that date, Dr. Flaschner 
finally removed his apparatus. On January 18th, 1909, 25 c.c. of 
gas, the old amount, were pumped off, and since then that volume 
has been collected weekly. 

Experiments have, however, been made to try to reproduce the 
inhibiting conditions. First, the bulbs were surrounded by beakers 
containing the actinometric mixture employed by Dr. Flaschner; 
next, each bulb was placed in a lead cup, more than one-eighth inch 
thick; third, the lead cups were paraffined in their interior, and 
filled with the solution already referred to; and last, the identical 
apparatus used by Dr. Flaschner, charged as in his experiments, 
was placed as nearly as possible as he had placed it. But all to no 
purpose ; 25 c.c. of explosive gas can be pumped off each week. We 
have failed to reproduce the conditions. 

We are absolutely certain as regards the facts, and we are 
convinced that there has been no mistake. Something inhibited the 
action of the radium on water for a month and a half. Whatever 
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that was, it was coincident in time with the presence of an apparatus 
placed outside the bulbs; when that apparatus was removed, the 
inhibition ceased. It may be remarked that the whole apparatus 
is in a locked room, and had not been disturbed. 


UNIVERSITY COLLEGE, 
LonpDoNn. 


OXXIIT.—Eaperiments on the Constitution of the Aloins. 
Part I. 


By Roxsert Roginson and Jonny LioneL SIMonsEN. 


Dur1Nn@ the course of a long series of researches on natural products 
which have been in progress in the laboratories of this University for 
some years, our attention was directed to the group of the aloins, and 
we ‘decided with the concurrence of Dr. H. A. D. Jowett, who had 
already commenced to investigate this group, to endeavour to elucidate 
the constitution of the various members. 

Tilden (Trans., 1877, 32, 267) was the first to obtain a crystalline 
oxidation product from barbaloin, the principal member of this group. 
He treated an aqueous solution of barbaloin with potassium dichromate 
and sulphuric acid and obtained a substance, aloexanthin, to which he 
assigned the composition C,,H,,0,;. Oecsterle and Babel (Schweiz. 
Woch. Chem. Pharm., 1904, 42, 329) have shown that Tilden’s 
aloexanthin is a mixture of aloe-emodin and rhein, the latter being 
identical with rhein isolated from rhubarb by Hesse (Annalen, 1899, 
309, 43). , 

Hesse (Joc. cit. ), and also Oesterle (Schweiz. Woch. Chem. Pharm, 1903, 
40, 600), maintained that rhein has the composition C,,H,,O,, and 
considered it to be a tetrahydroxymethylanthraquinone. ‘Tschirch and 
Heuberger (Arch. Pharm., 1902, 240, 611), on the other hand, gave 
the substance the formula C,,H,O,, and the constitution of a methylene 
ether of a tetrahydroxyanthraquinone, basing this view on the facts 
that rhein on distillation with zinc dust gives anthracene, and on 
acetylation only yields a diacetyl derivative. More recently Oecsterle 
and Tisza (Schweiz. Woch. Chem. Pharm., 1908, 46, 701), having very 
carefully purified rhein, agree with this view, that it has the composition 
C,;H,O,, and our own analyses are in complete agreement with this 
result, 

Since the yield of rhein obtained from barbaloin by any of the 
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existing processes is extremely small, and the methods of isolation 
very laborious, we have in the first place endeavoured to improve 
them. After a long series of comparative experiments, we have 
succeeded in devising a simple method for obtaining more than fifty 
per cent. of the barbaloin employed in the form of rhein. 

In attacking the problem of the constitution of barbaloin, we 
attempted in the first place to proceed on the lines which had been go 
successful in the case of brazilin and hematoxylin, namely, first to 
methylate the substance and then to investigate the degradation 
products formed on oxidation. This method proved, however, to be 
impossible, and we were unable to methylate barbaloin by any of the 
usual methods. We, however, soon discovered that valuable results 
could be obtained by the oxidation of the acetyl derivative of barbaloin 
with chromic acid in acetic acid and acetic anhydride solution. 

In a preliminary note (Proc., 1909, 26, 74), we have already 
briefly stated our views on the constitution of aloe-emodin and rhein. 
We consider that our experiments, taken in conjunction with the 
production of anthracene by zinc dust distillation, conclusively prove 
that rhein is a dihydroxyanthraquinonecarboxylic acid. We may 
perhaps briefly summarise our reasons for this opinion. 

(a) Rhein yields only a diacetate, and this may be dissolved un- 
changed in a solution of sodium acetate. Dimethylrhein, prepared in 
the usual manner by the action of dimethyl sulphate and alkali on 
rhein, cannot be acetylated, and shows all the properties of a strong 
acid. 

(b) The presence of a carboxyl group, indicated in (a), is also shown 
by the preparation of a methyl and ethyl ester in the usual manner, 
and these substances are readily hydrolysed to rhein. Rhein ethyl 
ester yields a diacetate, insoluble in alkalis, and, similarly, dimethyl- 
rhein yields an ethyl ester insoluble in alkalis. 

(c) Still further evidence of the presence of the carboxyl group was 
obtained as follows: dimethylrhein yields the corresponding acid 
chloride when it is treated with thionyl chloride, and this is converted 
into dimethylrhein ethyl ester by boiling with alcohol. 

The acid chloride, C,,H,O0,(OMe,),*COCI, gives with ammonia the 
corresponding amide, C,,H,O,(O0Me),*CO-NH,, which on treatment 
with alkaline hypobromite yields an aminodimethoxyanthraquinone. 

Now, although the nature of rhein is thus clearly indicated, we 
have, as yet, not been able definitely to determine the position of the 
various groups. 

When the amino-group in aminodimethoxyanthraquinone is 
eliminated by diazotisation in the usual manner, a dimethoxy- 
anthraquinone is obtained, and we propose now to give evidence 
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which, in our opinion, indicates that this is the dimethyl derivative of 
isochrysazin : 
OH CO 
e464" 
1 \% ee 


We are driven to this ere: from the following facts. Rhein 
methyl ester, although it contains two hydroxy-groups, cannot be 
methylated by methyl iodide and alkali in alcoholic solution at 100° 
ina sealed tube. Consequently at least one of the hydroxy-groups 
must be in the ortho-position with respect to a carbonyl group of the 
anthraquinone nucleus, whilst the other must be similarly situated or 
be in the ortho-position with respect to the carboxyl group. This 
shows that rhein is not derived from anthraflavic acid, hystazarin, or 
8° acid. 

CO 


Sou BX OOO" 
ews ee VAYN/ VY 


re. ic acid. aan isoAnthraflavic acid. 

On the other hand, the melting point of the dimethoxyanthra- 
quinone (204—205°) is too high for the methyl ethers of quinizarin 
[((OH),=1:4], purpuroxanthin [(OH),=1:3], and m-dihydroxy- 
anthraquinone [(OH),=1:7], and too low for the methyl ethers of 
chrysazin [(OH),=1:8] and anthrarufin [(OH),=1:5]. Further- 
more, rhein cannot be alizarincarboxylic acid, because if this were the 
case one of the hydroxy-groups could not be methylated with dimethyl 
sulphate and an alkali. We have thus rejected nine of the ten 
possible dihydroxyanthraquinones, and are therefore forced to the 
conclusion that rhein is a derivative of the tenth isomeride, the little- 
known isochrysazin or 1:6-dihydroxyanthraquinone. We are at 
present engaged in the further investigation of this part of the subject. 

We may now consider the bearing of these observations on the 
question of the constitution of barbaloin. Oecsterle (Arch. Pharm., 
1903, 241, 604) has shown that aloe-emodin, one of the oxidation 
products of barbaloin, is oxidised by chromic acid to rhein, and since 
aloe-emodin is a trihydroxymethylanthraquinone and rhein is a 
dihydroxyanthraquinonecarboxylic acid, it is clear that one of the 
hydroxy-groups of aloe-emodin must be contained in a CH,*OH group, 
and the oxidation may therefore be represented thus : 

C,,H,;0,(0H),-CH,°OH + 0, =C,,H;0,(0H),-CO,H + H,O 


Aloe- pn, eg Rhein. 
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existing processes is extremely small, and the methods of isolation 
very laborious, we have in the first place endeavoured to improve 
them. After a long series of comparative experiments, we have 
succeeded in devising a simple method for obtaining more than fifty 
per cent. of the barbaloin employed in the form of rhein. 

In attacking the problem of the constitution of barbaloin, we 
attempted in the first place to proceed on the lines which had been so 
successful in the case of brazilin and hematoxylin, namely, first to 
methylate the substance and then to investigate the degradation 
products formed on oxidation. This method proved, however, to be 
impossible, and we were unable to methylate barbaloin by any of the 
usual methods. We, however, soon discovered that valuable results 
could be obtained by the oxidation of the acetyl derivative of barbaloin 
with chromic acid in acetic acid and acetic anhydride solution. 

In a preliminary note (Proc., 1909, 26, 74), we have already 
briefly stated our views on the constitution of aloe-emodin and rhein. 
We consider that our experiments, taken in conjunction with the 
production of anthracene by zinc dust distillation, conclusively prove 
that rhein is a dihydroxyanthraquinonecarboxylic acid. We may 
perhaps briefly summarise our reasons for this opinion. 

(a) Rhein yields only a diacetate, and this may be dissolved un- 
changed in a solution of sodium acetate. Dimethylrhein, prepared in 
the usual manner by the action of dimethyl sulphate and alkali on 
rhein, cannot be acetylated, and shows all the properties of a strong 
acid. 

(6) The presence of a carboxyl group, indicated in (a), is also shown 
by the preparation of a methyl and ethyl ester in the usual manner, 
and these substances are readily hydrolysed to rhein. Rhein ethyl 
ester yields a diacetate, insoluble in alkalis, and, similarly, dimethyl- 
rhein yields an ethyl ester insoluble in alkalis. 

(c) Still further evidence of the presence of the carboxyl group was 
obtained as follows: dimethylrhein yields the corresponding acid 
chloride when it is treated with thionyl chloride, and this is converted 
into dimethylrhein ethyl ester by boiling with alcohol. 

The acid chloride, C,,H,O,(OMe,),*COCI, gives with ammonia the 
corresponding amide, C,,H,O,(OMe),*CO*-NH,, which on treatment 
with alkaline hypobromite yields an aminodimethoxyanthraquinone. 

Now, although the nature of rhein is thus clearly indicated, we 
have, as yet, not been able definitely to determine the position of the 
various groups. 

When the amino-group in aminodimethoxyanthraquinone is 
eliminated by diazotisation in the usual manner, a dimethoxy- 
anthraquinone is obtained, and we propose now to give evidence 
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which, in our opinion, indicates that this is the dimethyl derivative of 
isochrysazin : 
OH CO 
666 
a eee 
CO 
We are driven to this conclusion from the following facts. Rhein 
methyl ester, although it contains two hydroxy-groups, cannot be 
methylated by methyl iodide and alkali in alcoholic solution at 100° 
ina sealed tube. Consequently at least one of the hydroxy-groups 
must be in the ortho-position with respect to a carbonyl group of the 
anthraquinone nucleus, whilst the other must be similarly situated or 
be in the ortho-position with respect to the carboxyl group. This 
shows that rhein is not derived from anthraflavic acid, hystazarin, or 
isoanthraflavic acid. 

CO CO CO 
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CO CO CO 
Anthraflavic acid. Hystazarin. isoAnthraflavic acid. 

On the other hand, the melting point of the dimethoxyanthra- 
quinone (204—205°) is too high for the methyl ethers of quinizarin 
[((OH),=1:4], purpuroxanthin [(OH),=1:3], and m-dihydroxy- 
anthraquinone [(OH),=1:7], and too low for the methyl ethers of 
chrysazin [(OH),=1:8] and anthrarufin [(OH),=1:5]. Further- 
more, rhein cannot be alizarincarboxylic acid, because if this were the 
case one of the hydroxy-groups could not be methylated with dimethyl 
sulphate and an alkali. We have thus rejected nine of the ten 
possible dihydroxyanthraquinones, and are therefore forced to the 
conclusion that rhein is a derivative of the tenth isomeride, the little- 
known isochrysazin or 1:6-dihydroxyanthraquinone. We are at 
present engaged in the further investigation of this part of the subject. 

We may now consider the bearing of these observations on the 
question of the constitution of barbaloin. Oecsterle (Arch. Pharm., 
1903, 241, 604) has shown that aloe-emodin, one of the oxidation 
products of barbaloin, is oxidised by chromic acid to rhein, and since 
aloe-emodin is a trihydroxymethylanthraquinone and rhein is a 
dihydroxyanthraquinonecarboxylic acid, it is clear that one of the 
hydroxy-groups of aloe-emodin must be contained in a CH,°OH group, 
and the oxidation may therefore be represented thus : 

C,,H;0,(0H),*CH,*OH + 0, =C,,H,;0,(0H),"CO,H + H,O 
Aloe-emodin. Rhein. 
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It is possible that the substance aloechrysin, C,,H,O,, which has 
been obtained by the oxidation of barbaloin (Oesterle, Arch. Pharm., 
1899, 237, 81), may be the aldehyde intermediate between aloe-emodin 
and rhein. 

These views have an important bearing on the constitution of 
barbaloin itself. According to the careful researches of Jowett and 
Potter (Trans., 1905, 8'7, 878), barbaloin has the composition C,,H,,0_ 
and contains four hydroxy-groups. 

On treatment with nitric acid, it yields tetranitrochrysazin, whilst 
on oxidation with chromic acid an isochrysazin derivative appears to 
be formed. This leads to the important conclusion that whilst one of 
the hydroxy-groups is contained in the unsaturated portion of a 
partly reduced anthraquinone, and one is situated in the same position 
as in anthranol, the two others are present in the completely reduced 
benzene nucleus. This leads to the following probable representation 
for barbaloin : 

CO-0-CH, 
CH C(OH)CH 
a ew a 
CH CH CH CH-OH 
CH OH OH Cu, 
el ade ae 
¢ CO CH 
OH OH 

When barbaloin is subjected to the action of oxidising agents, a 
double change takes place, water is eliminated, in directions not yet 
definitely determined, from the alcoholic hydroxy-groups in the reduced 
benzene nucleus, and hydrogen and carbon dioxide are produced in the 
ordinary way. It will thus be readily understood that this expression 
for barbaloin can give rhein (I) on oxidation, and chrysammic acid 

CO CO,H NO, CO NO, 
( COO swe ‘é \Y bs \ 
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OH 2 O OH 
od 
(II) by sities aan nitric acid. 
The formation of the primary alcohol, aloe-emodin, 
CO CH,°OH 
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by the action of alcoholic hydrochloric acid and oxidation would 
also be readily explained. 
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The further development of this subject depends on the exact 
determination of the constitution of rhein, and we are canine 
extending our researches in this direction. 


We wish to take this opportunity of expressing our indebtedness to 
Messrs. Burroughs, Wellcome & Co., and especially to Dr. Jowett, for 
the large quantity of pure barbaloin with which they have so kindly 


presented us. 
EXPERIMENTAL. 


Oxidation of Acetylbarbaloin. 


Preliminary experiments indicated that a good yield of a crystalline 
oxidation product could be obtained when acetylbarbaloin* was 
oxidised by means of chromic acid in glacial acetic acid and acetic 
anhydride solution. As it was of great importance to obtain this 
substance in considerable quantities, a long series of comparative 
experiments were instituted, and ultimately the following process was 
found to give excellent results. 

The acetylbarbaloin employed was prepared by boiling barbaloin 
(5 grams) with acetic anhydride (40 c.c.) and sodium acetate (5 grams) 
for three-quarters of an hour. After decomposing the acetic anhydride 
with water, the crude acetyl derivative was collected, and, after drying 
in the air, was, without further purification, used direct for the 
oxidation. 

Acetylbarbaloin (5 grams) was dissolved in acetic anhydride (40 c.c.), 
and to the well-cooled solution a mixture of chromic acid (5 grams) 
dissolved in acetic acid (40 c.c.) and water (3 c.c.) was added in three 
portions. Much heat was generated, and the reaction was kept under 
control by cooling with water. After the addition of the chromic 
acid, the solution was kept for two hours with occasional shaking, the 
temperature being maintained at about 40—50°. Even before the 
reaction was complete the oxidation product began to separate as a 
yellow, crystalline powder on the sides of the flask. After two hours 
the solution was warmed on the water-bath until completely green, 
and then kept in the cold overnight. An equal volume of water was 
added, the yellow solid collected, washed with water, and dried at 100°. 
The yield was somewhat variable, the crude product weighing, as a 
rule, about 2°5 grams, this amount being, however, at times exceeded, 
The substance obtained in this way was found to consist of a mixture 
of acetylemodin and diacetylrhein, since, on hydrolysis, it yielded a 
mixture of rhein and emodin (see page 1091). When the crude 
product was repeatedly crystallised from glacial acetic acid containing 


* We hope, in a future communication, to discuss the constitution of acetyl: 
barbaloin. 
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acetic anhydride, it was obtained in beautiful pale yellow needles 
melting at 245°. Although this substance corresponds in all details 
with the diacetylrhein described by Hesse (Annalen, 1899, 309, 43), 
by Tschirch and Heuberger (Arch. Pharm., 1902, 240, 611), and by 
Oesterle (Schweiz. Woch. Chem. Pharm., 1903, 40, 600), yet on 
analysis anomalous results were obtained. Of the following avalyses, 
I and II were carried out with different specimens of the substance 
obtained directly from the oxidation, whilst III was a sample prepared 
from pure rhein and crystallised five times from acetic acid containing 
acetic anhydride : 
I. 0°1694 gave 0°3752 CO, and 0°0545 H,O. C=604; H=3°6. 
IT. 01324 ,, 0:2932 CO, ,, 00440 H,O. C=60°3; H=3°7, 
III. 071595 ,, 0°3551 CO, ,, 0°0476 H,O. C=60°'7; H=3-4, 
C,,H,,0,,4H,0 requires C=60.5; H=3°4. 
C,,H,,0, » C=61'9; H=3°3 per cent. 

The previous analyses of Hesse, Tschirch and Heuberger, and of 
Oesterle, agree quite well with the formula C,,H,.0,, and further 
experiments are in progress with the view of purifying this substance, 
A rough determination of the acetyl groups was made by converting 
diacetylrhein into rhein ethyl ester by means of alcohol and sulphuric 
acid : 

0°1988 gave 0°1693 rhein ethyl ester. C,H,O,=14°9. 

C,;H,0,(OAc), requires C,H,O, = 16°9 per cent. 

Diacetylrhein has already been described by the authors above- 
mentioned, and the only additional properties of interest which we 
have observed have reference to its solubility in alkalis. Diacetyl- 
rhein is at once soluble in sodium carbonate or ammonia, yielding 
claret-red solutions, but it dissolves even in warm dilute sodium 
acetate, and is precipitated unchanged on the addition of a drop of 
acetic acid, this behaviour being strong evidence in favour of the 
presence of a carboxy] group. 


Hydrolysis of the Oxidation Product. 


The crude substance (20 grams) was suspended in methyl] alcohol, 
and heated on the water-bath for fifteen minutes with a concentrated 
solution of potassium hydroxide (20 grams). Water was then added, 
and the deep claret-coloured solution acidified with hydrochloric acid, 
when a flocculent, yellow precipitate separated. The solution was 
boiled in order to render the precipitate crystalline, and the hot 
solution filtered and well washed with hot water. The mother liquors, 
on keeping, deposited a small quantity of an orange-coloured solid 
(see page 1091). 

The product obtained in this way was a deep brown-coloured solid, 
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and was purified by crystallisation from pyridine. Rhein was thus 
easily separated in a pure state in pale yellow needles melting 
at 310°: 

0:1302 gave 03024 CO, and 0°0379 H,O. C=63'3; H=3:'2, 

01326 ,, 03079 CO, ,, 0°0372 H,O. C=63'3; H=3:2. 

C,;H,O, requires C= 63:4; H=2'8 per cent. 

Oesterle and Tisza (loc. cit.) have recently purified rhein by twenty 
crystallisations from pyridine and sublimation in the vacuum of a 
cathode ray light. The analysis then agrees with the formula 
C,;H,0,, the melting point being, however, raised to 321—321°5°, 
their previous value being 314°, which agrees well with that found 
by us. 

Rhein is instantly soluble in sodium carbonate and ammonia. 
With ferric chloride it gives a brownish-red coloration. When 
heated in a sealed tube at 230° for four hours with glacial phosphoric 
acid, is may be recovered unchanged, and apparently shows no 
tendency to eliminate the carboxyl group. No benzoyl derivative 
insoluble in alkalis could be obtained from rhein by the Schotten- 
Baumann method. 

The pyridine mother liquors from the purification of rhein deposited 
on standing an orange-coloured precipitate, whilst a further quantity 
of the same substance was separated from the mother liquors of the 
hydrolysis of the crude oxidation product (see page 1090). In order 
to obtain this substance in a pure state, it was dissolved in aqueous 
potassium hydroxide and shaken with benzoyl chloride, when a 
benzoate insoluble in alkalis was obtained. It was collected, dried, 
and recrystallised from benzene, when it separated in greenish- 
yellow needles melting at 234°. It therefore appeared probable that 
this substance consisted of tribenzoylaloe-emodin, which has the same 
melting point. The benzoate was hydrolysed with alcoholic potash, 
the diluted solution acidified with hydrochloric acid, and the brown 
precipitate collected, dried, and recrystallised from toluene, when it 
melted at 224°, which melting point was unaltered by admixture with 
aloe-emodin obtained by the action of alcoholic hydrochloric acid 
on barbaloin. Only a very small amount of aloe-emodin was 
obtained in proportion to the rhein. 


Rhein Ethyl Ester, C,,H;0,(OH),°CO, Et. 


This substance was very readily prepared from diacetylrhein by 
simultaneous hydrolysis and esterification. 

Diacetylrhein (1 gram) was mixed with alcohol (30 c.c.) and 
sulphuric acid (3 c.c.), and boiled for an hour on the water-bath. 
The yellow acetate rapidly dissolved, and an orange-coloured solid 


* 
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gradually separated in beautiful needles. After cooling, the crystal. 
line product was collected, and purified by recrystallisation from 
alcohol : 

0°1586 gave 0°3800 CO, and 0:0544 H,O. C=65°3; H=3'8. 

C,,H,,0, requires C=65°4 ; H=3°5 per cent. 

Rhein ethyl ester crystallises from alcohol in beautiful needles 
melting at 159°. It is only very sparingly soluble in alkali 
carbonates and ammonia. Its alcoholic solution gives with ferric 
chloride a deep red coloration. 

Diacetylrhein Ethyl Ester, C,,H,O,(OAc),*CO,Et.—When rhein 
ethyl ester was acetylated in the usual manner with acetic anhydride 
and sodium acetate and the product poured into water, a yellow solid 
separated. This was collected, dried, and recrystallised from acetic 
acid : 

0°1244 gave 0°2878 CO, and 0:0491 H,O. C=63:1; H=4°4, 

C,,H,,0, requires C=63°6 ; H = 4:0 per cent. 

Diacetylrhein ethyl ester separates from acetic acid in small, irregular 
plates, which melt at 170°. It gives no colour with ferric chloride, 
and is quite insoluble in cold aqueous potassium hydroxide, 


Rhein Methyl Ester, C,,H,O,(OH),*CO,Me. 


Rhein methyl ester is most conveniently prepared from diacetyl 
rhein by a similar process to that employed for the ethyl ester, but it 
has also been obtained by direct esterification of rhein. Rhein 
(5 grams) was boiled with methyl alcohol (100 c.c.) and sulphuric acid 
(5 cc.) until complete solution had taken place. The orange solution 
was then allowed to cool, when beautiful deep orange needles crystal- 
lised out. These were collected and recrystallised from methyl alcohol: 

0°1217 gave 0:2866 CO, and 0°0392 H,O. C=64:2; H=3°6. 

C,,H,,O, requires C= 64'4 ; H=3°3 per cent. 

Rhein methyl ester melts at 174°, whether prepared from rhein or 
diacetylrhein, and shows similar properties to the corresponding ethyl 
ester. 


Methylation of Rhein. 


I.—Action of Sodium Methowide and Methyl Iodide on Rhein Methyl 
Ester.—In view of its importance on the constitution of rhein, an 
attempt was made to methylate rhein by the action of methyl iodide 
on the sodium compound of rhein methyl ester. Rhein methyl] ester 
(1 gram) was dissolved in sodium methoxide (0°16 gram of sodium), 
when a claret-coloured sodium salt separated. After the addition of 
methyl iodide (1 gram), the mixture was heated in a sealed tube for 
ten hours at 100°. The solution, which had become almost colourless, 
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was cooled, and the orange precipitate collected, washed with water, 
and dried, when it weighed 0°9 gram. On examination it was found 
to consist of unchanged rhein methyl ester, and no trace of a further 
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methylated compound could be isolated, indicating that both the 
hydroxyl groups were adjacent to carbonyl groups. 


IL.—Dimethylrhein, C,,H,O,(OMe),*CO,H. 


Pure rhein, dissolved in a solution of the calculated amount of 
aqueous potassium hydroxide, was shaken in the cold with a large 
excess of methyl sulphate, the solution being kept faintly alkaline by 
the addition of small quantities of potassium hydroxide from time to 
time. When all the methyl sulphate had been decomposed, the solu- 
tion was rendered strongly alkaline with potassium hydroxide, causing 
the separation of the insoluble potassium salt of dimethylrhein. This 
was collected, the solution being filtered through cloth. The yellowish- 
brown salt was washed with concentrated potassium hydroxide 
solution and decomposed with dilute hydrochloric acid, when a flocculent 
precipitate was obtained, which became crystalline on boiling. 

Dimethylrhein was purified by repeated crystallisations from alcohol, 
in which it is very sparingly soluble. After numerous crystallisations, 
it was obtained as light brown needles, which evidently contained 
solvent of crystallisation, since, on drying at 100°, they rapidly 
effloresced and became pale sulphur-yellow incolour. For analysis the 
substance was dried at 120—130° : 

0'1124 gave 0°2695 CO, and 0°0430 H,O. C=65:4; H=4:2. 

01594 ,, 02346 Agl. MeO=19°4. 

C,,H,,0, requires C=65°4 ; H=3°8 ; MeO = 19°9 per cent. 

Dimethylrhein when quite pure melts at 283—284°. It dissolves in 
sodium carbonate and sodium acetate immediately and in the cold. 
The absence of phenolic hydroxyl is shown by the very faint colour 
with ferric chloride, and by the fact that its alkaline solutions have 
only a pale orange-yellow colour. Moreover, it can be neither 
acetylated nor benzoylated. When boiled with glacial phosphoric acid, 
the methyl groups are eliminated and rhein is obtained. It possesses 
a slightly bitter taste. 


Dimethylrhein Ethyl Ester, C,,H,O,(OMe),*CO,Et. 


Dimethylrhein (2 grams) was mixed with ethyl alcohol (60 ¢.c.) and 
sulphuric acid (6 ¢.c.) and heated on the steam-bath for twelve hours. 
This hot solution was filtered, and the yellow, crystalline residue 
washed with hot alcohol and finally crystallised from ethyl acetate : 

0:1209 gave 0:2975 CO, and 0:0535 H,O. C=67:1; H=4°9. 
C,,H,,0, requires C=67'1 ; H=4°7 per cent. 
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Dimethylrhein ethyl ester separates from ethyl acetate in clusters of 
sulphur-yellow, feathery needles, melting at 185—187°. It is readily 
soluble in boiling acetic acid or ethyl acetate, but only very sparingly 
so in alcohol. It is quite insoluble in cold dilute potassium hydroxide, 
but on boiling with alcoholic potash it is hydrolysed and dimethylrhein 
is produced, as is shown by the analysis of a recrystallised specimen ; 

0:2237 gave 05375 CO, and 0:0829 H,O. C=655; H=4'1, 

C,,H,,.0, requires C= 65:4; H=3°8 per cent, 


Dimethylrhein chloride, C,,H;0,(0Me),*COCI. 


Dimethylrhein (1 gram) was gently boiled with thionyl chloride 
(15 ¢c.c.) for a quarter of an hour. The rose-pink colour at first 
formed becomes yellowish-brown, and the substance. passes into 
solution. The excess of reagent was then removed by evaporation 
over potassium hydroxide in a vacuum, when a bright yellow, 
crystalline mass was obtained, which was much darker in colour and 
not quite pure. The substance can be readily recrystallised by solution 
in chloroform and precipitation with light petroleum, In this way 
microscopic prisms are obtained melting at 190°, which are canary- 
yellow in colour, but darken somewhat on drying at 100°: 

0:0930 gave 0°0400 AgCl. Cl=10°5. 

C,,H,,0,Cl requires Cl=10°6 per cent. 

Dimethylrhein chloride shows all the usual properties of an acid 
chloride of high molecular weight. It is not readily attacked by 
water, and may even be boiled with an aqueous solution of potassium 
hydroxide, in which it is quite insoluble, without decomposition. 
Prolonged boiling, however, results in its hydrolysis, and dimethyl- 
rhein is obtained on acidifying the solution. On boiling with alcohol, 
the substance quickly dissolves, and dimethylrhein ethyl ester 
separates from the cooled solution in clusters of needles, showing the 
correct melting point, which was unaltered by admixture with a 
sample of the ester prepared previously. The acid chloride gives a 
carmine-red colour in sulphuric acid solution. 


Dimethylrheinamide, C,,H,0,(O0Me),*CO-NH,. 


Since the esters of dimethylrhein were found not to be readily 
attacked by ammonia, we prepared the amide by the action of 
ammonia on the chloride by the following simple method. 

Dimethylrhein chloride (1 gram) was ground up into a fine paste 
with concentrated ammonia (15 c.c.) and allowed to remain in the cold 
overnight. The bright yellow colour of the chloride slowly changed 
to the pale yellowish brown of the amide, which was collected. 
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Dimethylrheinamide is very sparingly soluble in all organic 
solvents, and is most readily crystallised from a large quantity of 
ethyl acetate, from which it separates as a pale brownish-yellow 
powder, which was seen under the microscope to consist of beautiful 
hexagonal plates. The pure substance melts at 287°. For analysis it 
was dried at 100°: 
01258 gave 4:9 c.c. N, at 8° and 752 mm. N=4'7. 
C,,H,,0;N requires N = 45 per cent. 
Dimethylrheinamide dissolves with a carmine colour in con- 
centrated sulphuric acid. It is only slowly hydrolysed by boiling with 
potassium hydroxide solution, more quickly with alcoholic potash, 
when dimethylrhein and ammonia are produced. 


Aminodimsthoxyanthraquinone, C,,H,O,(OMe),*NH,. 


This substance was prepared by the action of alkaline hypochlorite 
or hypobromite on dimethylrheinamide. The reaction was found to 
proceed more smoothly with the hypobromite. 

The pure amide (2°5 grams) was treated with a solution of bromine 
(1 c.c.) dissolved in potassium hydroxide (3 grams) and water (40 c.c.). 
The reacting substances were intimately mixed in a mortar and kept 
for twelve hours. The bright yellow, gelatinous product was collected 
and washed with dilute aqueous potassium hydroxide. It was then 
dissolved in boiling water (150 ¢.c.), and the brownish-yellow solution 
acidified with hydrochloric acid. The red solution so obtained was 
filtered and rendered alkaline with potassium hydroxide. The brick- 
red precipitate of the base which separated was collected, washed with 
water, and purified by crystallisation from methyl alcohol, when it was 
obtained in magnificent ruby-red, rhombohedral prisms showing a green 
metallic reflex : 

00962 gave 0°2378 CO, and 0:0405 H,O. C=674; H=4°7. 

C,,H,,0,N requires C=67°S ; H=4°6 per cent. 

Aminodimethoxyanthraquinone darkens very slightly at 230°, sinters 
at 240°, and melts at 243°. A specimen prepared in a similar manner 
with hypochlorite showed the same melting point, and was unaltered 
by admixture of the two substances. The base dissolves in con- 
centrated sulphuric acid with a cherry-red colour, and in dilute hydro- 
chloric acid, giving a yellowish-red solution. On the addition of sodium 
nitrite to the hydrochloric acid solution, the colour changes to pale 
yellow, owing to the diazotisation of the base. A deep purple colour 
is obtained in alkaline solution with B-naphthol, and on the addition of 
salt a purple dyestuff separates, which gives an intense blue colour in 
concentrated sulphuric acid. An almost black substance is obtained 
in alkaline solution with a-anhydrotrimethy|brazilone. 
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When the diazo-solution is boiled, the corresponding phenol separates 
as a yellow, crystalline precipitate, which crystallises from light 
petroleum in microscopic prisms melting at about 201°. It dissolves 
in sulphuric acid with a cherry-red colour, and in alkalis with a rose 
colour. It can be methylated, a fact which is of some importance and 
will be referred to in a future communication. 

When the amine was dissolved in sulphuric acid and ethyl alcohol, 
an orange-red solution was obtained, which on the addition of amyl 
nitrite became yellow and a yellow precipitate formed. This consisted 
of the solid diazo-sulphate, and after solution in water shows the 
reaction of the diazo-salt. When the solid diazo-sulphate was boiled 
with alcohol, nitrogen was eliminated and the substance dissolved. On 
cooling, a yellow precipitate was obtained, which was repeatedly crys- 
tallised from acetic acid, when the pure substance melting at 204—205° 
was obtained. It crystallises in microscopic prisms, and is bright 
yellow in colour. It dissolves in sulphuric acid, giving a rather blue 
shade of crimson. It is quite insoluble in alkalis or acids, and there 
can be little doubt that it is a dimethoxyanthraquinone. The 
investigation of this substance is being continued. 
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CXXIV.—The Absorption Spectra of the Nitrates i 
Relation to the Ionic Theory. 


By Epwarp Cuar_es Cyrit Baty, Karuarine Atice Burke, and 
ErFrig— GWENDOLINE MARSDEN. 


ProressorR Hartey, in two important papers (Trans., 1902, 81, 
556, and 1903, 83, 221), has described the absorption spectra of 
aqueous solutions of many nitrates, and has shown that these 
substances exhibit an absorption band in the ultra-violet. This 
absorption band is due to the NO,-ion, for it is not obtained with 
the organic esters of nitric acid which are undissociated. Hartley 
draws the important conclusion from his results that, since the 
position of the absorption band of the metallic nitrates varies 
slightly with the position of the cation, there must be even in an 
entirely dissociated salt an intimate connexion between the ions. 
The two ions cannot be considered as independent entities for this 
reason, and in a previous paper (Baly and Desch, Trans., 1905, 87, 
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766) this view has been emphasised and extended in dealing with 
the metallic derivatives of the aliphatic f-diketones. Hartley 
further pointed out that an alcoholic solution of lithium nitrate 
also exhibits the same absorption band as the aqueous solution. 

In the present paper we describe the results of an investigation 
into the absorption spectra of solutions of the nitrates of lithium, 
ammonium, and silver, and of nitric acid in alcohol and in water, 
and in various mixtures of these substances. 

The experiments were undertaken in the hope of throwing some 

light on the reaction velocities of silver nitrate and the alkyl iodides 
described by one of us with Professor Donnan (Burke and 
Donnan, Trans., 1904, 85, 555). Although no fresh light was 
thrown in this direction, yet some interesting facts have been noted 
which bear on the ionic hypothesis and the theory of hydrated 
ions. 
The solvents employed were as follows: Water, mixtures of water 
and alcohol, containing 75, 50, 40, 25, 10, 5, and 3 per cent. 
respectively of water, and, lastly, pure alcohol. The mixed solvents 
were made up by measuring definite amounts of water and making 
up to the necessary volume with alcohol. This method was adopted 
in order to obtain solvents with comparable numbers of water 
molecules. The strength of the solutions of the nitrates the spectra 
of which were examined was always decinormal, so that the absorp- 
tion curves obtained are strictly comparable, the only variable being 
the water content of the solvent. 

On comparing the absorption curves of the three metallic nitrates 
in the various solvents, a considerable variation in the per- 
sistence of the absorption band is to be observed,:the persistence 
being defined as the change in dilution over which the band is 
visible. In order to compare the persistences of the absorption 
bands, it is only necessary to note the change in thickness of 
the solution over which the band is visible. Thus, in the case of a 
NV /10-solution of ammonium nitrate in absolute alcohol, the absorp- 
tion band was first visible through a thickness of 150 mm. of the 
solution, and it remained visible until the thickness was decreased 
to 30 mm. The persistence in this case may therefore be defined 
as equal to 150—30, or 120 mm. In the case of the V/10-solution 
of ammonium nitrate in the solvent containing 3 per cent. of water, 
the absorption band only lasted over a range of 85—20, or 65 mm. 
A very decided decrease in the persistence is thus observed when 
the solvent contains 3 per cent. of water. 

In the following table, the persistences of the absorption bands 
are given for lithium, ammonium, and silver nitrates, and in Fig. 1 
are given the curves obtained by plotting the persistence against 
the percentage of water in the solvent: 
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TABLE I. 


Persistence of the Absorption Bands. 
Percentage of 
water in solvent. Lithium nitrate. Ammonium nitrate. Silver nitrate, 

0 105 120 93 

3 60 90 

5 100 94 

10 105 80 

25 100 80 

40 90 80 

50 60 80 

75 105 80 

100 125 80 


The three salts all show a minimum persistence at 3 per cent. of 
water, and lithium nitrate shows a second minimum at 50 per cent. 
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of water. Silver nitrate differs from the other two, for, though 
there is a slight minimum at 3 per cent. of water, the persistence 
falls to a constant value at 10 per cent., and does not increase even 
with pure water. 

The first explanation which occurred to us was that the variations 
in the persistence were to be accounted for by changes in the 
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jonisation of the salts. Evidently, if the absorption band be due 
to the NO,-ion, as shown by Hartley, a decrease in the number of 
ions present will cause a decrease in the amount of the absorption 
exerted by the salt. In order to test this idea, we have measured 
the electrical conductivity of the V/10-solution of the three salts 
in the solvents mentioned above. We found, however, that in each 
case there is a steady rise in the conductivity as the water content 
of the solvent is increased. The curves obtained by plotting the 
molecular conductivities of lithium and ammonium nitrates against 
the percentage of water in the solvent are shown in Fig. 2. 

It is evident from these curves that the variation in the persistence 
of the absorption bands cannot be due to variations in ionisation, 
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for if there were a decided decrease in ionisation with 3 per cent. 
of water in the solvent, there must have been a corresponding 
decrease in the conductivity. 

We next measured the molecular conductivities at infinite 
dilution, or, as usually called, the limiting conductivities. This 
was done in the ordinary way by diluting each solution with the 
appropriate solvent until the molecular conductivity became 
approximately constant, and then obtaining the true value by 
extrapolating the curve. These limiting conductivities, of course, 
only depend on the velocity with which the ions travel through the 
solution, and therefore any variation in the values must mean a 
variation in the velocity with which the ions move. These measure- 
ments were originally undertaken with the view of determining the 
amount of ionisation of the salts in V/10-solution, which, as is well 
known, is found by dividing the molecular conductivity at the 
NV /10-concentration by the limiting conductivity. 

VOL. XCV. 4c 
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The complete series of values are given in table II, which shows 
the two molecular conductivities and the percentage of salt ionised 
at V/10-strength in each case (temperature=15°): 


TaB.e II. 


Per- Lithium nitrate. Ammonium nitrate. Silver nitrate. 
centage - ie in “ “~ — - br 
ofwater Mol. % of Mol. % of Mol. %o 

inthe conc. Limiting ion. cond. Limiting ion. cond. Limiting ion, 

solvent. at N/10. cond. at N/10. at N/10. cond. at N/10. at N/10. cond. at N/10 
14°30 33°7 14°29 37°0 38° 9°24 84°8 26°6 
15°83 32°2 ‘ 15°67 35°4 : 10°75 32°6 330 
16°49 32°6 x 16°54 35°6 5 11°58 — poe 
17°76 31°9 ‘ 18°27 35°6 51° 14°08 32°0 44°0 
19°96 29°7 53° 23°28 35°6 . 20°11 32°0 62°9 
21°61 28°0 ’ 27°43 37°3 3° 23°16 — ms 
23°09 29°2 ‘ 30°72 38°8 : 26°58 350 759 
33°76 42°2 , 47°29 58°3 : 40°73 —_ _ 
72°58 90°0 ‘ 96°71 119°0 : 85°44 103°0 82°9 


In Fig. 3 are shown the curves of limiting conductivity plotted 
against percentage of water in the solvent, and the most striking 
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fact to be noticed is that the limiting conductivities show similar 
variations to the persistences of the absorption band (see Fig. 1), 
a resemblance which is all the more noteworthy when the values of 
the ionisation at V/10-strength are taken into account. For 
example, on the addition of 3 per cent. of water to the solvent, the 
ionisation of a WV/10-solution of ammonium nitrate in absolute 
alcohol increases from 38°1 to 44°2 per cent., whilst the limiting 
conductivity decreases from 37°0 to 35°4, and the persistence of the 
absorption band decreases from 120 to 65. Thus, although the 
ionisation increases, the amount of absorption is very materially 
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decreased. The explanation of this anomaly must be sought for in 
the decrease of the limiting conductivity, for the agency which 
causes a@ decrease in absorption also causes the ions to move more 
slowly through the solution. There seems little doubt that hydra- 
tion of the salt by the water must take place, for it is evident that 
the velocity with which the ion travels must be decreased if it be 
loaded with a mass of water-molecules. There is every reason to 
believe that the hydration of a molecule or ion of a dissolved salt 
depends on its residual affinity and that of the solvent molecules. 
The NO,-group naturally possesses considerable residual affinity, and 
the absorption band must be due to the play of forces amongst 
this residual affinity. When the NO,-group is hydrated, a portion 
of the residual affinity will be satisfied by virtue of the combination 
with the water-molecules; there will thus be left less free affinity, 
and the absorption exercised will be diminished. The decrease in 
both absorption and the velocity of migration of the ions can thus 
be explained by hydration. 

If the hydration of the salt reaches a maximum with 3 per cent. 
of water in the solvent, the addition of a greater amount of water 
to the solvent will serve to provide a mechanism by means of which 
the hydrated ions can be handed on through the solution. An 
increase in the quantity of water beyond that required for the 
hydrating process must therefore increase the values of the limiting 
conductivities, and unless further hydration takes place the limiting 
values will tend to increase from those at 3 per cent. to those at 
100 per cent. of water. This is true for ammonium nitrate, for the 
curve (Fig. 3) shows a general tendency to rise after the 3 per cent. 
of water point, although the rise at first is very slow; moreover, the 
curve has generally the same shape as the persistence curve in 
Fig. 1. The case is very similar with silver nitrate, for although the 
minimum due to hydration is not reached until the solvent contains 
10 per cent. of water, yet the curve resembles that of ammonium 
nitrate. 

Lithium nitrate differs from the other two salts, for from the 
curves of both persistence of absorption band and limiting con- 
ductivity there is strong evidence that a further hydration takes 
place up to about the point 45 per cent. of water. It would seem 
that there can be no other explanation than that the lithium and 
NO,-ions can exist in two states of hydration, the first when the 
solvent contains 3 per cent. of water, and the second when there 
is about 45 per cent. of water in the solvent. The strongest 
argument for hydration lies, of course, in the decrease of the per- 
sistence of the absorption band, for, inasmuch as this must mean 
a decrease in the residual affinity of the NO,-ions, such a decrease 
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can only be brought about by a loose combination of these jons 
with the surrounding water molecules. In reference more par. 
ticularly to the hydration at 45 per cent. of water, objection might 
be raised from the standpoint that such a hydrate would mean 
250 molecules of water to one NO,-ion, or, in other words, a 
hydrate of the composition LiNO;,250H,O. We, however, point 
out that there is no necessity for all the water molecules to take part 
in the reaction. In the reversible process 

SbCl,+H,O == SbOCl+2HCI, 
a relatively great mass of water is required to carry out the 
hydrolysis, even although only one molecule is actually concerned 
for each SbCl, molecule. Similarly, in the reversible equation 

LiNO,+#H,O0 = LiNO,,7H,0, 
the value of x may be small relatively to the 250 molecules of 
water necessary for the hydration to take place. We may also 
point out that the hydrates which are known are those that are 
more or less stable in ordinary air; in the present case we are 
dealing with a hydrate only stable in the presence of a large mass 
of water, and there seems no valid reason why a deliquescent salt 
like lithium nitrate should not form a hydrate containing a large 
number of water molecules under the conditions specified. We 
therefore conclude that whilst ammonium and silver nitrates only 
form one hydrate, lithium nitrate forms one hydrate at 3 per cent. 
of water, and a second when the solvent contains about 45 per 
cent. of water. 

We have also investigated nitric acid in absolute alcoholic solution 
and in solvents containing 3, 5, 10, and 25 per cent. of water 
respectively. The results are very interesting, owing to the fact that 
the WV/10-solution in absolute alcohol is so little ionised. The 
method of preparing the solutions may perhaps be mentioned. A 
solution of silver nitrate stronger than V/10 was prepared in the 
required solvent. In the case of absolute alcohol, the solvent was 
mechanically shaken for some hours with an excess of the finely 
powdered salt, and the resulting solution was titrated. A solution 
of hydrogen chloride was also prepared by passing the dry gas into 
a second quantity of the solvent. This solution was also titrated, 
and equivalent volumes of the acid and silver solutions were mixed 
and mechanically shaken for some time in order to cause the silver 
chloride to coagulate and form a clear solution. This shaking 
usually took about half an hour to effect complete separation of the 
silver chloride. The resulting nitric acid solution was tested for 
excess of hydrochloric acid and silver nitrate, and, if both were 
absent, diluted with more of the appropriate solvent until exactly 
decinormal. The values of the conductivities are given, together 
with the persistences of the absorption band, in the following table: 
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might 
Mean Percentage oe Percentage 
d of water Mol. conduc- Limiting ionisation Persistence of 
dS, a in solvent. tivity at V/10. conductivity. at V/10. absorption band. 
point 0 4°428 42°6 10°4 3 
: 05 6°00 — — 7 
ss 3 15-22 38:7 39°3 30 
5 19°62 —_— — 40 
10 27°85 42°5 65°27 70 
25 47°52 _— — 110 


and, as can be seen, although the conductivities of the V/10- 
solutions rapidly increase as water is added to the solvent, the 
limiting conductivities pass through the same minimum with 3 per 
cent. of water as in the case of lithium and ammonium nitrates. 
There is thus evidence that a similar hydration occurs. It is 
interesting to note that there is practically no absorption band 
exhibited by the absolute alcoholic solution of nitric acid, a fact 


- are 
are which confirms Hartley’s observation (loc. cit.) that the band is 
mass due to the ionised nitrate. With the rapid increase of ionisation 
salt caused by the increase in the water content of the solvent, the 
arge absorption band soon develops. 

We At Dr. Lapworth’s suggestion, we have measured the con- 
only ductivities of hydrogen chloride in a few solvents. The interest of 
ent. this substance lies in the fact that V /10-solutions show a minimum 
per conductivity with 0°5 per cent. of water in the solvent, which has 
been attributed to a decrease in the ionisation. Our results are 
10n given in the following table, and although we have been precluded 
ter from confirming the conclusion by absorption spectra observations 
hat (hydrogen chloride being quite diactinic), there is no doubt that a 
The hydrate exists with 3 per cent. of water in the solvent, for the 

A decrease in the limiting conductivity at this point is exceedingly 
the pronounced. 

vas TaBLeE IV. 

ely 

on Hydrogen Chloride at 15°. 

to Percentage 

of water Molecular con- Limiting Percentage of 

d, in solvent. ductivity at V/10. conductivity. ionisation at V/10. 

ed 0 21°86 43°10 50°72 

er 0°5 17°81 35°94 49°55 

3 18°57 33°66 55°17 

1g 5 20°86 36°71 56°82 

he 10 26°89 40°52 66°4 

or 25 46°41 57°20 81°0 

re Although there is a small drop in the ionisation of the V/10- 
ly solution on the addition of 0°5 per cent. of water to the alcohol, itis 


evident that this is far from sufficient to account for the correspond- 
From the 


ing decrease in the conductivity of the 1 /10-solutions. 
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decrease in the limiting conductivity at 0°5 per cent. of water, it jg 
clear that the hydrogen chloride molecule must itself be considerably 
hydrated, and inasmuch as the ratio of water to hydrogen chloride 
molecules is about 3 to 1, it is not improbable that the hydrate, 
HC1,3H,0, is formed. If that is so, it is not difficult to understand 
the decrease in ionisation of the V/10-solution at this point, for 
when no water is present the alcohol ionises the hydrogen chloride 
molecule, but when 0°5 per cent. of water is present, the alcohol 
has to ionise the compound HCl1,3H,O. In all probability, owing 
to the less free affinity of the hydrogen chloride in this case, the 
solvent will have greater difficulty in ionising the complex than in 
the case of the real hydrogen chloride molecule, where none of the 
residual affinity is satisfied by water molecules. 

There is no doubt that these results with hydrogen chloride offer 
a very striking support to the theory of hydrogen ions put forward 
by Lapworth (Trans., 1908, 93, 2187), for the values of the limiting 
conductivity show that the hydrogen and chlorine ions have much 
greater mobility in pure alcohol than when a little water is present; 
in other words, the presence of water alters their character, doubtless 
by hydration. 

A point arises in connexion with the viscosity of the solvents, 
and the influence this may have on the values of the conductivity 
obtained. Walden (Zeitsch. physikal. Chem., 1906, 55, 217) has 
shown that in the case of tetramethylammonium iodide in various 
solvents, the product of the limiting conductivity and the viscosity 
of the solvent is constant. We have thought that a similar relation 
might hold good for lithium nitrate in the solvents employed in 
this investigation. No such constant, however, is obtained, as can 
be seen at once from the following table, in which the values of 
the viscosity are taken from Dunstan’s paper (Trans., 1904, 85, 
824). Lithium nitrate appeared the most likely to give results 
agreeing with Walden’s observations, since the limiting conductivi- 
ties show a minimum at or about the point of maximum viscosity of 
the alcohol-water mixtures: 


TABLE V. 
Product of 
Percentage of Limiting viscosity and limiting 
water in solvent. Viscosity. conductivity. conductivity. 
0°01114 33°7 0°375 
0°0120 32°2 0°386 
0 0126 32°6 0°411 
0°0142 31°9 0°453 
0 0185 29°7 0°549 
0°0225 28°0 0°629 
0°0234 29°2 0°682 
0°0195 42°2 0°823 
0-0089 90°0 0°801 


g 
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An interesting fact was noticed in making the absorption spectra 
observations, for it was found impossible, especially in the case of 
the solvents containing much alcohol, to recover the values of the 
persistence after the solution had been poured once or twice from 
one vessel to another. The persistence was always very considerably 
decreased, and it was eventually found that this decrease was due 
to the absorption of carbon dioxide from the air. The persistence 
of the absorption band is very sensitive, and when the solutions were 
saturated with carbon dioxide the band was very materially 
decreased in depth. The values of the limiting conductivity were 
also slightly reduced in the presence of this gas. It would therefore 
seem that the NO,-ion has the power of forming loose additive 
compounds with carbon dioxide, and for this reason the solvents 
were always carefully freed from this gas before the solutions 


were made up. 


We have to express our thanks to Dr. Lapworth and to Dr. 
Senter for the great interest they have taken in this investigation, 
and also to the Chemical Society for a grant in aid of the above 
experiments. 
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CXXV.—Studies in Asymmetric Synthesis. Part VIII. 
The Asymmetric Synthesis of |-Mandelic Acid. 


By Avex. McKenziE and Herbert Brooke PerrEN HuMpPuHRIEs. 


THE first attempts made by one of us (Trans., 1904, 85, 1249) to 
realise an asymmetric synthesis were not successful. The reduction 
of -menthyl benzoylformate, C,H,*CO°CO,°C,,H,,, proceeded asym- 
metrically, since a mixture of /-menthyl d-mandelate and /-menthyl 
l-mandelate containing a slight excess of the latter ester was obtained. 
This mixture, however, gave r-mandelic acid when it was saponified 
and the active menthol removed. It was found that this result was 
due to the racemising effect exercised by alcoholic potassium hydroxide, 
which was used to saponify the ester mixture (compare Trans., 1905, 
87, 1004; 1907, 91, 1814). 

The asymmetric synthesis of 7-mandelic acid is described in the 
present communication. J-Menthyl benzoylformate was reduced by 
aluminium amalgam as before, the reduction product acetylated, and 
the mandelic acid obtained from the mixture of /menthyl acetyl- 
mandelates by saponification and subsequent elimination of the 
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menthol. The acid was levorotatory, and the introduction of the 
acetyl group thus counteracted the racemising influence of the alkali 
to such an extent as to render an asymmetric synthesis possible. 

The protecting effect of the acetyl group was observed first of all in 
connexion with some experiments dealing with the Walden inversion, 
The displacement of the acetyl group in /-acetylmandelic acid by the 
hydroxy-group by means of (1) water, (2) aqueous alkali, and (3) silver 
oxide in the presence of water was studied. As was expected, no 
Walden inversion occurred in these actions, doubtless since the acetyl 
group is not attached directly to the asymmetric carbon atom. The 
fractional saponification of /-menthyl d/-acetylmandelate was then 
investigated, and the observations made were so unexpected as to lead 
to the conclusion that a levorotatory mandelic acid mixture should be 
obtainable by the complete saponification of the ester by a slight excess 
of alcoholic potassium hydroxide and subsequent removal of the 
menthol. This conclusion was borne out by experiment, and appears 
at first sight to invalidate the asymmetric synthesis of mandelic acid, 
to which reference has just been made, The evidence submitted in 
the experimental part of this paper proves, however, that the asym- 
metric synthesis in question had actually been effected. 

Rosenthaler (Biochem. Zeitsch., 1908, 14, 238) has recently made 
the important discovery that d-benzaldehyde cyanohydrin can be 
synthesised by the action of emulsin on a mixture of hydrocyanic acid 
and benzaldehyde. The active cyanohydrin was hydrolysed, and 
l-mandelic acid isolated after two crystallisations of the resulting acid 
from benzene. The extent of the asymmetric synthesis effected by 
emulsin must accordingly have been very considerable, that is to say, 
there must have been a large preponderance of the d-cyanohydrin over 
the /-isomeride, otherwise the isolation of the pure /-mandelic acid 
could not have been possible in the manner described by Rosenthaler. 
It does not follow, however, that the pure d-cyanohydrin was 
synthesised free from the /-isomeride. 

The asymmetric synthesis of /-mandelic acid has thus an additional 
interest when considered in connexion with Rosenthaler’s work, because 
it is made clear how much more completely the asymmetric synthesis 
can be effected by enzyme action than by compounds of known 
constitution. 

EXPERIMENTAL. 


Displacement of the Acetyl Group in |-Acetylmandelic Acid 
by the Hydroxy-group. 


1-Acetylmandelic acid, prepared from /-mandelic acid and acetyl 
chloride, crystallises from water in colourless needles. When dried in 
air at-the ordinary temperature, it contains one molecule of water of 
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crystallisation, which it loses slowly when exposed over sulphuric acid 
under diminished pressure at the ordinary temperature : 

1:0471 lost 0:0896 H,O. H,O=8°6. 

C,,H,,0,,H,O requires H,O = 8°5 per cent. 

The anhydrous acid melts, not very sharply, at 96°5—98°. It under- 
goes slight decomposition when heated at 90—100°. A brief reference 
to the acid is made by Walden (Zettsch. physikal. Chem., 1895, 17, 706), 
who gives m. p. 56° and [a], —156°4° in acetone. The rotation of 
the anhydrous acid was determined by us in ethyl-alcoholic solution : 

T=2, c=2°22, a} —7:00°, [a]? —157°7° 
and in acetone: 
1=2, c=2°085, a}? —6°41°, [a]}? — 153-79. 

The anhydrous acid is sparingly soluble in water, carbon tetra- 
chloride, or light petroleum, moderately so in benzene, and readily so 
in ethyl alcohol, methyl alcohol, ether, chloroform, or acetone : 

0:4309 required 13:9 c.c. of cold ethyl-alcoholic potassium hydroxide 

(1 ¢c.c. =0:009 KOH) for neutralisation. 
C,)H,,0, requires 13°85 c.c. 

0884 was boiled for forty-five minutes with excess of 0°398N- 
alcoholic potash, the excess being estimated by titration against 
standard acid ; required 22°9 c.c. alkali: 

C,,H,,0, requires 22°9 c.c. 

The hydrated acid (0°53 gram) was boiled with water (50 e.c.) for 
fifteen and a-half hours. The resulting mandelic acid gave [a], — 145° 
for c=1‘7 in aqueous solution, whereas the value of the specific 
rotation of /-mandelic acid is about 12° higher than this. A little 
racemisation had thus occurred. 

The anhydrous acid (0-916 gram) was boiled for one hour with 
35°5 c.c. of 0°39N-alcoholic potash. The resulting mandelic acid 
had [a]* — 148° for c=1°7 in ethyl-alcoholic solution, whereas the 
l-acid under similar conditions has [a], — 157°. 

When the anhydrous acid (0°5 gram).was boiled for two and a- 
quarter hours with 30 c.c. of M/5-aqueous sodium hydroxide, no 
appreciable racemisation took place. Practically pure /-mandelic acid 
was also recovered when the acetyl group was removed by the aid of 
silver oxide and water. No Walden inversion was thus observed. 


Fractional Esterification of r-Acetylmandelic Acid by Optically Active 
Alcohols. 


The method of Marckwald and McKenzie (Ber., 1899, 32, 2130; 
1900, 33, 208; 1901, 34, 469) was used. Ten grams of r-acetyl- 
mandelic acid, m. p. 79—80° (compare Bicker, Jnaug. Diss., Bonn, 
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1905) were heated with /-menthol (10 grams) for one hour at 150°, 
The unesterified acid was separated from menthol and menthyl esters, 
and consisted of a mixture of mandelic and acetylmandelic acids. It 
amounted to 7'4 grams, and was dextrorotatory, giving [a], +2°5° 
for c=8'85 in ethyl-alcoholic solution. The ester mixture was 
saponified by heating with a solution of 5°6 grams of potassium 
hydroxide in 80 c.c. of ethyl aleohol for one and a-half hours, the 
alkali being thus present in excess. The mandelic acid, obtained in 
the usual manner, amounted to 1°67 grams, and was levorotatory, 
giving [a], — 9°3° for c= 7-87 in ethyl-alcoholic solution. 

The conclusion may thus be drawn that /-acetylmandelic acid is 
esterified by /-menthol more quickly than is d-acetylmandelic acid. 

It accordingly appeared from this experiment that, whilst the 
racemisation which takes place during the saponification of /-menthyl 
d-mandelate and /-menthy] /-mandelate respectively is very considerable 
(Trans., 1904, 85, 378, 1249), this racemisation may be largely pre- 
vented by the introduction of the acetyl group into the menthy]! esters. 

The fractional esterification of r-acetylmandelic acid by the active 
borneols was also examined. The acid (10 grams) was heated at 150° 
for one and a-quarter hours with /-borneol (10 grams). The un- 
esterified acid, which was completely separated from borneol and 
borny] esters, amounted to 3°83 grams, and was levorotatory, giving 
[a], — 7°9° for c= 10°97 in ethyl-alcoholic solution. This acid contained 
very little acetylmandelic acid, the acetyl group having been eliminated 
almost completely in the process of separation of the acid. The ester 
mixture was saponified by boiling for seventy minutes with a solution 
of 6:25 grams of potassium hydroxide in 80 ¢.c. of ethyl alcohol. 
The mandelic acid recovered (4:1 grams) was dextrorotatory, giving 
[a]p +1°7° for c= 10°19 in ethyl-alcoholic solution. 

This experiment showed that: (1) esterification takes place more 
quickly when /-borneol is substituted for /-menthol ; (2) d-acetylmandelic 
acid is esterified more quickly by /-borneol than is l-acetylmandelic 
acid, and (3) racemisation during the saponification of the ester mixture 
is more pronounced in this case than with /-menthol, but not so 
pronounced as when the menthyl mandelates are saponified. 

These deductions were confirmed by a similar experiment, where the 
same quantities of the 7-acid and d-borneol were used. The heating 
was conducted for one hour. The unesterified acid (4:15 grams) was 
dextrorotatory, giving [a], +6°6° for c=10°61 in ethyl-alcoholic 
solution. The saponification of the ester mixture was conducted 
by boiling for one hour with a solution of 5°68 grams of potassium 
hydroxide in 80 c.c, of ethyl alcohol. The recovered mandelic acid 
(3°67 grams) was levorotatory, giving [a], —2°1° for c=10°43 in 
ethyl-alcoholic solution. 


STUDIES IN ASYMMETRIC SYNTHESIS. PART VIII. 1109 


Fractional Saponification of 1-Menthyl dl-Acetylmandelate. 


Thirty grams of /-menthyl r-mandelate (Trans., 1904, 85, 378) were 
warmed with an excess of acetyl chloride for one hour. The excess of 
acetyl chloride was removed under diminished pressure, and the 
residual oil distilled. 

1-Menthyl dl-acetylmandelate, C,H,*CH(OAc)-CO,°C,, Hj, is a colour- 
less oil, which boils at 205°/7 mm. For analysis, it was heated with 
an excess of standard alcoholic potassium hydroxide for one and a-half 
hours, the excess of alkali being then estimated by standard acid : 

1:4415 required 22°3 c.c. alkali (0°39). 

C,,H,,0, requires 22°3 c.c. 
Determinations of its specific rotation in ethyl-alcoholic solution 


gave: 
1=2, c=9°128, al? — 10-419, [a}2* —57-0°. 


L=2, c=2°5325, aif — 2°90°, [a]? —57°2°. 

Initial Saponification.—The ester (6 grams) was dissolved in 33 c¢.c. 
of 0:°39N-alcoholic potassium hydroxide, this being about one-third of 
the amount required for saponification and elimination of the acetyl 
group. After twenty-four hours at the ordinary temperature, the 
alcohol was evaporated, water added, and the mixture concentrated a 
little by evaporation on the water-bath. It was rendered alkaline by 
sodium hydroxide, and the menthol and unsaponified esters removed 
by extraction with ether and subsequent evaporation of the aqueous 
solution. The latter was acidified by mineral acid, and the mandelic 
acid extracted with ether. The acid (0°81 gram) was dextrorotatory, 
giving [a], +15-4° for ¢e=3-92 in ethyl-alccholic solution. 

Final Saponification.—The mixture of unsaponified esters was then 
heated for two hours with 30 c.c. of 0°39 NV-ethyl-alcoholic potassium 
hydroxide, an amount which was found to be sufficient for complete 
saponification. During the initial saponification, the acetyl groups 
must therefore have been eliminated very considerably from the 
residual acetyl esters. A large excess of alkali was avoided on pur- 
pose during the final saponification, in order to minimise the racemi- 
sation. The alkaline solution was acidified by a little dilute hydro- 
chloric acid, the alcohol expelled, and the menthol removed in the 
usual manner. The mandelic acid obtained (1'5 grams) was levo- 
rotatory, giving [a]) —14°5° for c=7°31 in ethyl-alcoholic solution. 

Now it has been shown that of the two esters, /-menthyl d-acetyl- 
mandelate and /-menthyl J-acetylmandelate, the latter is the more 
quickly formed ; it ought, therefore, to be the more quickly saponi- 
fiable. The fractional saponification of /-menthyl d/-acetylmandelate, 
which in alcoholic solution is doubtless split up into the diastereo- 
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isomeric esters,* might therefore be expected to give a levorotatory 
mandelic acid mixture as the product of the initial saponification. It 
will be observed from the experiment just described, that the acid 
from the initial saponification is dextrorotatory. It has been shown, 
however (Trans., 1905, 87, 1004; 1907, 91, 1814), that during the 
fractional saponification of /-menthyl v-mandelate, the racemisation 
caused by the alkali in the early stages of the saponification is marked, 
but becomes less and less so as the saponification proceeds. It was 
further shown that, by variation of the experimental conditions, it is 
possible to obtain at will either a dextrorotatory or a levorotatory 
mandelic acid mixture from the initial saponification of /menthyl 
r-mandelate, although it has been proved by direct measurements of 
the velocity of saponification (Trans., 1907, 91, 789) that /-menthyl 
d-mandelate is saponified more quickly than is /-menthyl] /-mandelate. 
An interpretation on similar lines to that given formerly may be 
advanced to account for this abnormal result on the fractional saponi- 
fication of the dl-acetyl ester. But the present case is more compli- 
cated than the former one, since an additional factor is introduced, 
namely, the elimination of the acetyl group. Since /-menthyl 
d-acetylmandelate and /-menthyl /-acetylmandelate are not enantio- 
morphously related, the velocity of displacement of the acetyl group 
in each of these esters is probably not the same. Again, in the 
present case, the racemising effect of alkali is less than when /-menthyl 
r-mandelate is saponified under similar conditions, since the alkali is 
partly used up to fix the acetyl groups as potassium acetate, and there 
is less of it available for racemisation. 

The striking feature in the experiment quoted is, however, the 
preponderance of /-mandelic acid formed. The theoretical amount of 
mandelic acid obtainable from 6 grams of /-menthy] d/-acetylmandelate 
is 2°78 grams, whereas 2°31 grams were actually obtained, the initial 
saponification giving 0°81 gram with [a], +15°4°, and the final 
saponification 1°5 grams with [a], —14°7°. 

In a second experiment, /-menthyl d/-acetylmandelate (6-3 grams) 
was boiled with 30°5 c.c. of 0°39N-alcoholic potassium hydroxide ; 
the solution was neutral after two minutes. The acid obtained as 
before amounted to 0°8 gram, and had [a], +8°7° for c=3°8 in ethyl- 
alcoholic solution. The ester mixture was dissolved in 75 cc. of 
0°39N-alcoholic potassium hydroxide, and allowed to remain for three 
weeks at the ordinary temperature. The resulting mandelic acid (1°81 
grams) gave [a], —13°2° for ¢=9°0 in ethyl-alcoholic solution. The 
theoretical amount of mandelic acid obtainable from 6°3 grams of ester 
is 2°88 grams ; the amount obtained was 2°61 grams. 


* Compare, however, Kipping (this vol., 408), who deals with the question ot 
the existence of partially racemic salts in solution. 
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In another experiment, 4°75 grams of ester were dissolved in 49 c.c. 
of 0°39 N-alkali, an amount which is two-thirds of that necessary for 
complete saponification of the ester and elimination of the acetyl 
group. After two days at the ordinary temperature, the solution was 
neutral. The resulting acid had [a], +10°1° for c=6°46 in ethyl- 
alcoholic solution. The ester mixture was saponified at the ordinary 
temperature by 26°5 c.c. of alkali, which was more than was necessary. 
The resulting acid had [a], -30°7° for c=2°37 in ethyl-alcoholic 
solution. 

It need hardly be stated that the necessary precautions were taken 
to ensure that the mandelic acid mixtures, which were polarimetrically 
examined in these experiments, were free from menthol. 

The deduction was drawn that a Jaevorotatory mandelic acid 
mixture might be obtained from /-menthyl d/-acetylmandelate by 
acting on it with an excess of alkali and then removing the menthol. 
This was found to be the case (see later). 

It was therefore necessary to show that this curious result was not 
due to the /-menthyl di-acetylmandelate containing a little excess of 
the /menthyl /acetylmandelate, and the following evidence is 
accordingly submitted. 

(1) 1-Menthyl 1-acetylmandelate, C,H,*CH(OAc):CO,°C,)H,, was 


prepared by acetylating J-menthyl /-mandelate (Trans., 1904, 85, 
1249) with acetyl chloride. It is readily soluble in ether, ethyl 
alcohol, benzene, carbon tetrachloride, light petroleum, carbon 
disulphide, methyl acetate, chloroform, or heptane, and sparingly so in 
water. It crystallises from aqueous alcohol in colourless needles 
and melts at 45—46°: 


1:0305 required 15°6 c.c. of 0°399N-ethyl-alcoholic potassium 
hydroxide for elimination of the acetyl and menthyl groups. 
C,)H,.0, requires 15°55 c.c. 
Its rotation was determined in ethyl-alcoholic solution : 
1=2, c=2°584, af,” — 6°36°, [al},> — 123°1°. 

1-Menthyl d-acetylmandelate, C,H,*CH(OAc)*CO,°C,,H,,, prepared by 
acetylating /-menthyl d-mandelate (Trans., 1904, 85, 1249) with 
acetyl chloride, crystallises from aqueous alcohol in needles and melts 
at 44-5—45°: 

1:0067 required 16:0 c.c. of 0°378N-ethyl-alcoholic potassium 


hydroxide. 
C,,H,,0, requires 16:0 c.c. 


Its rotation was determined in ethyl-alcoholic solution : 
1=2, c=2°679, a} +0°47°, [a]i> +8°8° 
The rotations of the three isomeric /-menthyl acetylmandelates 
were taken under similar conditions of concentration and temperature. 
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The value [a], -—57°15°, calculated for 7-menthy] d/-acetylmandelate 
from the preceding results, is practically identical with that actually 
found, namely — 57:2°. 

(2) The saponification of /-menthyl d-acetylmandelate and /-menthy] 
l-acetylmandelate respectively under similar conditions was studied, 
A solution of the former ester (1°0067 grams) in 17°64 c.c. (calculated, 
16:0 c.c.) of 0°378N-ethyl-alcoholic potassium hydroxide was kept at 
the ordinary temperature for twenty-three hours, and was then boiled 
‘gently for ten minutes. The mandelic acid, extracted in the usual 
manner after the removal of the menthol, had [a], +86°6° for 
c=3:94 in aqueous solution. (d-Mandelic acid has [a], about 
+ 158° under similar conditions.) A parallel experiment was carried 
out at the same time with /-menthyl /-acetylmandelate. The mandelic 
acid recovered in this case gave [a],-—94'7° for c=4'1 in aqueous 
solution. 

(3) The 7-menthyl d/-acetylmandelate described in this paper had 
[a] —57:2° for c=2°5325 in ethyl-alcoholic solution. In its pre- 
paration vacuum distillation was resorted to, This ester may be 
regarded as a mixture in equal amounts of /-menthy] d-acetylmandelate 
and l-menthyl J-acetylmandelate, and it is quite conceivable that at 
elevated temperatures these esters can undergo partial optical 
inversion with different velocities in the acetylmandelice portion of 
their molecules, the menthyl portion remaining optically unchanged. 
The effect of the vacuum distillation might therefore be to give a 
mixture of unequal amounts of the two diastereoisomeric esters, 
That such is not the case was shown by the following observation. 

l-Menthy] d-acetylmandelate (0°1260 gram) and /-menthyl J-acety!- 
mandelate (0°1260 gram) were mixed, and the oil which was formed on 
warming was dissolved in ethyl alcohol. The following rotation was 
taken : 

T= 2, c=2°52, aff’ — 2°885°, [a]? —57°2°. 
This value is identical with that given above. 


l-Menthyl Benzoylmandelates. 
1-Menthyl dl-benzoylmandelate, C,H,*CH(OBz)*CO,°C,,H,,, prepared 
by benzoylating /-menthyl 7-mandelate by the Schotten-Baumann 
method, separates from ethyl alcohol in flat, glassy needles and melts 
at 75—76°: 
1°4989 required 19°05 cc. of 0°399N-ethyl-alcoholic potassium 
hydroxide for elimination of the benzoyl and menthy] groups. 
C,H, 0, requires 19°06 c.c, 
Its specific rotation in ethyl-alcoholic solution was determined : 
l=2, c=3°984, af —3'54°, [al} — 44°49. 
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The fractional saponification of this ester was accompanied by a 
considerable amount of racemisation. In one experiment, 4:1 grams 
were saponified at the ordinary temperature by half the calculated 
amount of alkali; the mandelic acid resulting from this initial 
saponification, after separation from menthol and benzoic acid, 
amounted to 1:2 grams, and had [a], —2°5° in ethyl-alcoholic solution, 
The residual esters on saponification gave a mandelic acid (0°24 gram) 
with [a], —33°7°. The total mandelic acid obtained was thus 1°44 
grams, the theoretical amount being 1°58 grams. 

In another experiment, where one-third of the calculated amount of 
alkali was used for the initial saponification, the resulting mandelic acid 
was dextrorotatory, giving [a]) +3°6°, whereas the final saponification 
gave an acid with [a], —29°0° 

It was thus clear that benzoylation would be of little value as an 
aid towards realising the asymmetric synthesis of mandelic acid. 
That the racemisation was very pronounced during saponification was 
also shown by the behaviour of /-menthyl /-benzoylmandelate (Trans., 
1904, 85, 1249) towards ethyl-alcoholic potassium hydroxide. The 
mandelic acid obtained had [a], —39-2° in aqueous solution. 


Asymmetric Synthesis of l-Mandelic Acid. 


The reduction of /-menthyl benzoylformate, C,H,*CO*CO.*C,,Ho, 
was described in a former paper (loc. cit.). In one case, the reduced 
product had [a], —76°9° in ethyl-alcoholic solution, and in another 
caso it had [a], —77°6°. Since J/-menthyl +-mandelate has 
[a]p about —74°, the product of the reduction of the benzoylformate 
contained a slight preponderance of /-menthyl /-mandelate. In the 
present experiments the reduction product was slightly more active 
than formerly. 

Experiment J.—l-Menthyl benzoylformate (3 grams) was reduced by 
aluminium amalgam. The menthyl mandelate formed gave the 
following value for the specific rotation in ethy!-alcoholic solution. 

T=2, c=2°952, alf® —4°81°, [a]i*® —81°5°. 

This product was acetylated by acetyl chloride, the excess of the latter 
evaporated, and the residue kept under diminished pressure until the 
odour of acetylchloridehad disappeared. The residual viscous liquid(3-09 
grams) was dissolved in 52°5 c.c. of 0°399V-ethyl-alcoholic potassium 
hydroxide to which one c.c. of water had been added. The theoretical 
amount of alkali necessary forthe displacement of the acetyl and menthyl 
groups is 46°7 cc. After twenty-two hours at the ordinary tempera- 
ture, the alkaline solution was boiled for five minutes, and then nearly 
neutralised by mineral acid. Water was added, and the solution 
heated for some time to expel the bulk of the ethyl alcohol. The 
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menthol was then completely removed in the usual manner by 
extraction with ether and subsequent evaporation of the aqueous 
solution. The mandelic acid mixture, obtained by acidification and 
extraction with ether, amounted to 1:2 grams, the theoretical amount 
being 1-4 grams. It melted at 114—119°, and gave the following 
result on polarimetric examination in aqueous solution : 

l=4,c=4-4, aj® — 2°74°, [a]5* —15°6°. 

This result shows definitely that an asymmetric synthesis had taken 
place, since the activity of the mandelic acid, formed by the complete 
saponification of /-menthy] d/-acetylmandelate where a large excess of 
alkali was avoided, is much less than [a], — 156° /Menthyl 
dl-acetylmandelate (2 grams) was dissolved in 34°5 c.c. of ethyl- 
alcoholic potassium hydroxide (0°3981), the calculated amount being 
30°3.c.c. After two days at the ordinary temperature, the mixture 
was boiled for ten minutes, the alkalinity reduced by mineral acid 
until the solution was nearly neutral, the menthol removed as usual, 
and the mandelic acid recovered. The acid had the following rotation 
in aqueous solution : 

l=2, c=3-4145, af} —0°20°, [a]} —3°1°. 

A levorotatory mandelic acid was also obtained by boiling the 
ester for twenty minutes immediately after solution in the alkali, 
which, as before, was used in excess. 

Experiment IT.—i-Menthyl benzoylformate (3 grams) was reduced 
in much the same manner as formerly ,by means of aluminium 
amalgam. The resulting mandelate gave on polarimetric examination 
in ethyl-alcoholic solution : 

(= 2, c=3°223, a} —5:17°, [a]p —80°2° 

The ester was acetylated, and 2°5 grams of the product dissolved in 
44 c.c. of 0°378N-ethyl-alcoholic potassium hydroxide, the calculated 
amount being 39°8 c.c. A 10 per cent. excess of alkali was thus 
used. The solution was boiled for twenty minutes, and the mandelic 
acid isolated in the usual manner. The activity was determined in 
aqueous solution : 


T=4, ¢=3-9224, a} -—1°71°, [a]§ —410°9°. 


l-Menthyl dl-acetylmandelate was saponified under conditions 
similar to the preceding. 

The ester (2°06 grams) was dissolved in 36 c.c. of 0°378N-alkali, a 
10 per cent. excess. The mandelic acid recovered had the following 
rotation in aqueous solution : 


» $=2, c= 42275 ; al? ~0°38°, [a]? — 4°5° 
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CXXVIL.—Diazohydroxylanuno-compounds and the In- 
fluence of Substituting Groups on the Stability of 
their Molecules. Part II. 


By Norman Lestre Gepoarp and Herserr Bryan THompson. 


In a previous communication (this vol., p. 767), a number of diazo- 
hydroxylamino-compounds were described, all of which might be 
considered as mono-substitution products of the parent substance, 
benzenediazohydroxylamino-p-toluene, . 


CH, N(OH)N:NC >, 


and containing their various substituting groups in the ring A in 
various positions relative to the azo-grouping already present. The 
object of the present paper is to describe experiments carried out 
with a view to determine the influence of these various substituting 
groups on the general stability of the molecule. The problem was 
attacked in two ways: first, the action of bromine dissolved in an 
organic solvent was tried, and secondly, the effect of treating each 
separate compound with an acid under definite conditions of 
temperature and concentration, that is, under known conditions, was 
determined. 


The Action of Bromine in Chloroform Solution. 


The initial experiments on the action of bromine in chloroform 
solution on these substances seemed, at the outset, te lead to the 
general conclusion that the method would form an excellent means of 
obtaining a qualitative idea of the stability of the various compounds 
on which it was tried, and hence information as to the effect produced 
by the various substituting groups on the stability of the molecule 
containing them. A closer examination, however, of the reaction 
revealed the fact that, not only did bromine act as a decomposing 
agent towards the compound in question, but that it also acted as a 
substituting agent, and that both these processes took place at one 
and the same time in the case of some of the compounds concerned, 
whilst in the case of others, the one or the other took place as the 
case might be ; as a consequence of this, the action of bromine could 
hardly be considered as one throwing any great light on the object in 
view. In consideration, however, of the fact that some few new 
diazohydroxylamino-compounds were isolated by this means, and that 
in general the results of the action are in keeping, at least in degree 
with those obtained by the second or better method, it was determined 
to quote this work in some detail, and the results derived from it will 
be found in the experimental part. 

VOL. XCV. 4D 
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The Action of Hydrochloric Acid on the Diazohydroxylamino- 
compounds. 


As was previously shown (Joc. cit.), all diazohydroxylamino-com. 
pounds are affected by hydrochloric acid, which apparently is much 
more powerful when acting in solution in an organic solvent. The 
decomposing action of this acid is a very simple one, as may readily 
be proved by qualitative means: a diazonium compound and a 
hydroxylamine (or a product of its rearrangement) results thus : 


R-N— -N:N-R, 


a, is 
y H--Cl \ 
RN cn BN iN 
Cl 
A hydroxylamine (which necessarily A diazonium salt. 
suffers subsequent rearrangement 
under the influence of the acid). 

This decomposing action was now made use of as a means of 
ascertaining quantitatively how much of each separate diazohydroxyl- 
amino-compound was decomposed when treated with the acid under as 
comparable conditions as possible. The method used consisted in 
allowing the acid, in definite quantity at a suitable concentration and 
at a definite temperature, to act on the variously substituted diazo- 
hydroxylamino-compounds for definite lengths of time, in order to 
determine exactly in each case what effect ortho-substitution has over 
and above para- and meta-substitution, and, furthermore, to derive, 
where possible, any information respecting the relative effects of each 
specific substituting group on the stability of the molecule. Dealing, 
as is obvious, with a whole series of compounds all possessing different 
solubilities in various solvents, it was hardly possible to lay down any 
definite conditions to be observed throughout. The factor, tempera- 
ture, at which the decompositions were carried out was, however, 
fixed at 15°, and owing to the different solubilities shown by the 
various substances, all experiments could not be carried out in the 
same solvent. A further difference in the examination of the various 
substances which it was necessary to observe was occasioned by the 
wide differences existing between the ease with which some were 
decomposed and others not, necessitating the use of varying amounts 
of hydrochloric acid compatible with experimental exactness. 

A known amount of the substance to be examined, namely, 0:25 
gram, was dissolved in a definite quantity in the organic solvent 
(either chloroform or glacial acetic acid), and to it was added a 
definite volume of the same solvent saturated with dry hydrogen 
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chloride at 15°. The mixture was kept at 15° for a definite time, 
when it was treated in such a manner as to isolate in aqueous solu- 
tion the diazonium compound formed, the actual amount of the same 
being estimated by treatment at the boiling point with 2/V-sulphuric 
acid, the nitrogen evolved being collected. From the volume, tempera- 
ture, and pressure of the gas obtained, it was an easy matter to 
determine the actual amount of the diazohydroxylamino-compound 
decomposed under the conditions employed. 

A series of experiments was carried out on the variously substi- 
tuted diazohydroxylamino-compounds on the above lines, the results 


of which are tabulated below. 


Substance. 
Benzenediazohydroxyl- 
amino-p-toluene. 


o- Bromobenzenediazo- 
hydroxylamino-p- 
toluene. 

p-Bromobenzenediazo- 
hydroxylamino-p- 
toluene. 

m-Bromobenzenediazo- 
hydroxylamino-p- 
toluene. 


o-Tolyldiazohydroxyl- 
amino-p-toluene. 


p-Tolyldiazohydroxyl- 
amino-p-toluene. 


m-Tolyldiazohydroxyl- 
amino-p-toluene. 


o- Nitrobenzenediazo- 
hydroxylamino- 
p-toluene. 

p-Nitrobenzenediazo- 
hydroxylamino- 
p-toluene. 

m-Nitrobenzenediazo- 
hydroxyiamino- 
p-toluene. 


o-Carbethoxy benzenedi- 
azohydroxylamino- 
p-toluene. 

p-Carbethoxybenzenedi- 
azohydroxylamino- 
p-toluene. 


m-Carbethoxybenzenedi- 


azohydroxylamino- 
p-toluene. 


Norr.—0°25 gram was used in each case. 


Solution. 


Composition 
of 
decomposing 
solution. 
CHCl, 15 .c.c. CHCl, 
15 c.c. CHCl, 
(saturated with HCl) 


CHCl, 15¢.c. CHCl; 
15 c.c. CHC), 
(saturated with HCl) 
CHC}, 15c.c. CHCl, 
15 c.c. CHCl, 
(saturated with HCl) 
CHC], 15c.c. CHCl, 
15 c.c. CHCl, 
(saturated with HCl) 


C,H,O, 30 c¢.c. C,H,O, 
10 c.c. C,H,O, 
(saturated with HCl) 
C,H,0, 30 c.c. C,H40, 
10 c.c. C,H,0, 
(saturated with HCl) 
C,H,O, 30c.c. C,H,O, 
10 c.c. C,H,O, 
(saturated with HCl) 


C.H,0O, 20 c.c. C,H,O, 
(saturated with HCl) 


C,H,0O, 20c.c. C,H,O, 
(saturated with HCl) 


(saturated with HCl) 
C,H,O, 20c.c. C,H,0, 
(saturated with HCl) 


C,H,0, 20 c.c. C,H,O, 
(saturated with HCl) 


C,H,O, 20¢.c. C,H,0, 
(saturated with HCl) 


experiment 
in hours. 


Duration Dry nitrogen 
of at N.T.P. 

obtained decom- 

position. 


in ¢.¢. 
22 17°9 


12 
12 


Temperature 15°, 


4D2 


Per- 


centage 


72°6 
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Discussion of Results. 


The main fact to be deduced from the foregoing series of experi- 
ments is that when a diazohydroxylamino-compound is substituted by 
some group or other in the ortho-position relative to the one occupied 
by the azo-group, then the general stability of the molecule is 
sensibly increased. In other words, the effect of an ortho-substituent 
on the action of decomposing agencies is a protective one ; it may, in 
fact, be compared with that similar phenomenon shown by the esters 
of differently substituted aromatic acids towards hydrolysis, when, as 
is well known, the presence of a substituent grouping in the ortho- 
position with respect to the carboxyl group greatly retards the same 
(compare V. Meyer and A. M. Kellas, Zettsch. physikal. Chem., 1897, 
24, 243; Ber., 1895, 28, 1258). Similar phenomena are also 
observed in the behaviour of aromatic amines when similarly substi- 
tuted relative to the amino-group (compare A. Werner, Lehrbuch der 
Stereochemie). The protective influence, as it has been termed, which 
substituents in the ortho-position relative to the azo-group exert on 
the stability of the molecules of these diazohydroxylamino-compounds 
towards decomposing influences, from analogy may therefore be said 
to be further examples of the well-known phenomenon of steric 
hindrance. 

A much better idea of the differences existing in the decomposability 
of isomeric compounds containing their substituting group in the 
ortho-, para-, and meta-positions respectively can be gained by a 
glance at the foregoing table. With the exception of the methyl 
substituted derivatives, it will readily be observed that the ortho- 
compounds all show the least amount of decomposition compared with 
that of their para- and meta-isomerides respectively, the decomposing 
influences, it will be noted, being identical in the case of each set of 
isomerides. 

The hindering influence against decomposition exerted by groups 
situated in the ortho-position with respect to the azo-group in these 
compounds is therefore amply demonstrated, and is quite comparable 
with other well-known cases of steric hindrance. A comparison of 
the influence of the various substituting groups themselves on the 
stability of the substances regarding the question as to which 
exercises the greatest hindering effect cannot be entered into by 
reason of the fact that although the decomposing influences made use 
of are comparable for any three isomeric substances, yet these 
influences, naturally changed for reasons before stated, are in no way 
comparable where substances containing different substituting groups 
are concerned, 
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PART II, 


DIAZOHYDROXYLAMINO-COMPOUNDS. 


The results obtained from the action of bromine on these diazo- 
hydroxylamino-compounds, which are of interest as throwing a light on 
the problems, will be found detailed with each specific reaction noted. ' 


EXPERIMENTAL. 


Action of Bromine in Chloroform Solution on Benzenediazohydroxyl- 
amino-p-toluene. 


A solution of 0°45 gram of benzenediazohydroxylamino-p-toluene in 
15 c.c. of chloroform was mixed with 6°4 c.c. of a 10 per cent. solution 
of bromine, also in chloroform at 10°. After rapidly reducing the 
slight rise in temperature produced, the mixture was kept for ten 
minutes, and the crystals which separated were collected ; these were 
proved qualitatively to consist of a bromo-substitution product of the 
original substance. The chloroform mother liquor was extracted 
thoroughly with water, and the aqueous extract on testing with an 
alkaline solution of B-naphthol was found to contain the merest trace 
of a diazonium compound. On evaporation of the chloroform solution, 
a few pale brown crystals separated, and a very faint odour of a nitroso- 
compound was noticeable. Under the above conditions the action of 
bromine appears to be almost entirely one of substitution, practically 
no fission of the molecule taking place. 


Action of Bromine in Chloroform Solution on the Methyl 
Derivatives of Benzenediazohydroxylamino-p-toluene. 


(a) 0-Tolyldiazohydroxylamino-p-toluene.—A chloroform solution of 
the above compound was treated with two molecular proportions of 
bromine; a considerable rise in temperature took piace, and, after 
keeping for ten minutes at 18°, the solution was extracted with 
water and the chloroform evaporated in a vacuum. A semi-crystal- 
line residue was left, which, after drying on a porous plate, was 
recrystallised : 

0:1275 gave 14°7 c.c. N, at 21° and 758 mm. N=13°09. 

01375 ,, 0°0796 AgBr. Br= 24-95. 

C,,H,,ON,Br requires N = 13:13 ; Br= 25:00 per cent. 

The reactions of this substance are almost identical with those of 
the diazohydroxylamino-compound from which it is derived, and it is 
thus a monobromo-o-tolyldiazohydroxylamino-p-toluene. 

It melts at 120°5°, and crystallises in stumpy, broad, flat needles 
of a fine yellow colour, which turn brown on exposure to light and air. 
It is very readily soluble in benzene, chloroform, and acetone, but 
more sparingly so in alcohol, ether, or light petroleum.’ 

From the porous plate on which the crude bromination product 
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was dried, a small quantity of a bright green oil, showing all 
the properties of, and being identical with, p-nitrosotoluene, was 
isolated. 

On adding the aqueous extract of the chloroform solution to an 
alkaline solution of 8-naphthol, a considerable quantity of a deep 
scarlet dye (bromo-o-tolylazo-B-naphthol) was precipitated, which, on 
crystallisation from glacial acetic acid, melted at 171°: 

0°1563 gave 0:0850 AgBr. Br=23:14. 

C,,H,,ON,Br requires Br = 23°46 per cent. 

Bromine thus apparently exercises primarily a substituting in- 
fluence, the substituted product subsequently suffering decomposition, 

(6) m-Tolyldiazohydroxylamino-p-toluene.—By a similar action of 
bromine in chloroform solution this compound yielded monobromo- 
m-tolyldiazohydroxylamino-p-toluene, which melts at 155° and crystal- 
lises in bright yellow, long, slender, hair-like needles; these are 
very sparingly soluble in light petroleum or alcohol, more readily so 
in benzene, ether, or acetone, and very readily so in chloroform : 

0°1125 gave 12°7 c.c. N, at 205° and 762 mm. N=12-93, 

01341 ,, 0°0794 AgBr. Br=25:19. 

C,,H,,ON,Br requires N= 13°3 ; Br = 25-00 per cent. 

The substance is very much more stable than the diazohydroxyl- 
amino-compound from which it is derived, otherwise the reactions of 
the two substances are almost identical. 

A bright scarlet dye (bromo-m-tolylazo-B-naphthol) was obtained 
from the aqueous extract of the chloroform solution, and, when pure, 
melted at 145°: 

01271 gave 0:0696 AgBr. Br= 23°30. 

C,,H,,ON.Br requires Br = 23°46 per cent. 


Hence the action of bromine in this case is yeuieany identical 
with that obtained from the ortho-isomeride. 

(ce) p-Tolyldiazohydroxylamino-p-toluene. —In this case also the 
action of bromine gave rise to a monobromo-substitution product, 
which crystallises in long, slender, bright yellow needles melting at 
102°. With the exception of alcohol and light petroleum, the 
substance is very readily soluble in the common organic solvents : 

0°1131 gave 0°0670 AgBr. Br= 25-20. 

C,,H,,ON,Br requires Br = 25:00 per cent. 

Its reactions are practically identical with those of the compound 
from which it is derived. 

A considerable quantity of p-nitrosotoluene was also isolated as a 
result of the reaction, and the bright red dyestuff obtained by 
coupling the diazonium salt obtained from the aqueous extract of the 
original reaction mixture with B-naphthol was found to be identical 
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with p-tolylazo-8-naphthol, and thus to contain no bromine, differing 
in this respect from the dyes obtained in the case of the ortho- and 
meta-isomerides. ,Bromine thus has not only a substituting action, but 
also a decomposing one, both apparently taking place simultaneously. 


Action of Bromine in Chloroform Solution on the Carbethomy- 
benzenediazohydroaylamino-p-toluenes. 


(a) 0- Carbethoxybenzenediazohydroxylamino - p - tolwene.—A. mono- 
bromo-substitution product of this was obtained in almost theoretical 
yield; the bromo-o-carbethoxybenzenediazohydroxylamino-p-toluene ob- 
tained is of a pale yellow colour, melts at 148°, and crystallises in 
stellate aggregates of thin, sharply-pointed needles. It is very 
sparingly soluble in light petroleum, alcohol, or glacial acetic acid, 
but very readily so in benzene or chloroform, and its reactions are 
similar to those of the parent substance : 

0:1499 gave 0:2780 CO, and 0:0642 H,O. C=50°56; H=4°76, 

01285 ,, 128 c.c. N, at 20° and 768 mm. N=11°52, 

01404 ,, 0°0699 AgBr. Br=21°18. 

C,,H,,O,N,Br requires C= 50°80; H=4°21 ; N=11'11; Br=21°16 

per cent. 

The aqueous extract of the reaction mixture was found to contain the 
merest trace of a diazonium compound. 

Some experiments were also carried out on the action of bromine 
on the same compound in glacial acetic acid solution, when it 
was found that its behaviour was absolutely identical to that in 


chloroform. 
Bromine therefore acts on this compound solely as a substituting 


agent, the presence of a carbethoxy-group in the ortho-position with 
respect to the diazohydroxylamino-grouping apparently serving as a 
protection against the decomposing action of the halogen. 

() m-Carbethonybenzenediazohydroxylamino-p-toluene.—In this case 
no trace whatever of a bromine substituted compound could be isolated, 
The chloroform solution, after extraction with water, left a large 
quantity of a dark-coloured oil, almost entirely volatile and consisting 
of impure p-nitrosotoluene. 

From the aqueous extract, by the action of alkaline @-naphthol, a 
dark red azo-dye (m-carbethoxybenzeneazo-B-naphthol), melting at 105°, 
was obtained : 

0°1452 gave 11:00 cc. N, at 19° and 745 mm. N=8'56, 

C,)H,g0,N, requires N = 8°75 per cent. 

The action of bromine in glacial acetic acid was identical with 

that given above, so that in both solvents its action was solely one of 


decomposition. 


1122 DIAZOHYDROXYLAMINO-COMPOUNDS. PART II. 


(c) p-Carbethouybenzenediazohydroxylamino-p-toluene.—The chloro. 
form solution on evaporation yielded an oily, semi-liquid residue, 
which consisted chiefly of p-nitrosotoluene. On extraction with light 
petroleum, however, an insoluble residue was obtained, too small in 
amount to be submitted to analysis, but which was proved to contain 
bromine. The aqueous extract of the chloroform, on coupling with 
B-naphthol, yielded a dye, which was free from bromine. Hence 
bromine seems to exert almost solely a decomposing influence, 
substitution taking place only to a very slight extent. 


Action of Bromine in Chloroform Solution on the Three Mono- 
nitrobenzenediazohydroxylamino-p-toluenes. 


In the case of the ortho-isomeride at the ordinary temperature, no 
action whatever took place, whilst at higher temperatures both 
decomposition and substitution were effected. 

The meta-isomeride suffered only decomposition, little, if any, sub- 
stitution taking place, whilst identical behaviour was observed in the 
case of the para-isomeride. 

At low temperatures, namely, at 10—15°, the ortho-isomeride 
remains absolutely unattacked after keeping for weeks, whilst the 
other two are only very slowly decomposed, thus demonstrating the 
protective action of the nitro-group in general and its greater 
protective action when in the ortho-position. 


Action of Bromine in Chloroform Solution on the Three Monobromo- 
benzenediazohydroxylamino-p-toluenes. 


In the case of the ortho-isomeride, the action was both of a decom- 
posing and of a substituting nature. The chief action in the case of 
the meta-isomeride was one of decomposition, and in the case of the 
para-compound almost exclusively one of substitution, the reaction 
therefore in general furnishing little or no criterion of the effect of 
the bromine atom in its three possible positions. 


In conclusion, the authors desire to express their indebtedness to 
the Research Fund Committee of the Chemical Society for a grant 
which has partly defrayed the expenses of this investigation. 

CHEMICAL LABORATORY, 


TECHNICAL COLLEGE, 
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OXX 


n0- 


BARGER: p-HYDROXYPHENYLETHYLAMINE. 1128 


OXX VII.—Isolation and Synthesis of p-Hydroxyphenyl- 
ethylamine, an Active Principle of Ergot soluble 


in Water. 
By Grorce Barcer. 


In a paper on the alkaloids of ergot, F. H. Carr and the author 
(Trans., 1907, 91, 337) described the amorphous alkaloid ergotoxine, 
to which many of the characteristic physiological effects of ergot are 
due. This alkaloid is, however, only present in small quantities in 
most specimens of the pharmacopeeial preparations of ergot, and, in 
discussing the latter, H. H. Dale and the author (Biochem. J., 1907, 
2, 286) postulated the presence of a second active principle soluble 
in water. Attempts to isolate this hypothetical principle were for 
a long time unsuccessful. Wahlen (Arch. exper. Path. Pharm., 
1906, 55, 131) seems also to have been aware of the existence of 
such a principle, but his so-called “clavin” has been shown to 
be an inert mixture of amino-acids, in which leucine predominates 
(Barger and Dale, Biochem. J., 1907, 2, 288). 

The physiological properties of p-hydroxyphenylethylamine, 
recently isolated from putrid meat by Barger and Walpole (J/. 
Physiol., 1909, 88, 343), suggested that this base might be the 
above-mentioned active principle of aqueous ergot-extracts. It has 
indeed been possible to prove that phydroxyphenylethylamine 
occurs in such extracts, and that the presence of this base accounts 
in a satisfactory manner for such of the activity as is not due to 
small quantities of ergotoxine (see Barger and Dale, Proc. physiol. 
Soc., May 15th, 1909; the physiological experiments have been 
performed by Dr. H. H. Dale). The method of isolation, described 
below, was based on the process employed in the case of putrid 
meat, but required further elaboration on account of the large 
amount of resinous constituents of ergot which are soluble in 
water. 

p-Hydroxyphenylethylamine has figured several times in chemical 
literature. It was first prepared in small quantities by Schmitt and 
Nasse (Annalen, 1865, 133, 214), who obtained it by heating 
tyrosine. Subsequently it was isolated by Emerson (Beitr. chem. 
Physiol. Path., 1902, 1, 501) from autolysed pancreas, and by 
Langstein (ibid., 1902, 1, 507) in prolonged peptic digestion of 
egg-albumin. Gautier (Bull. Soc. chim., 1906, [iii], 35, 1195) 
isolated the base, together with a lower and a higher homologue, 
from the mother liquors obtained in the putrefaction of cod-livers. 
He suggested for these bases the general name “‘tyrosamine,” since 
they may be considered as being derived from tyrosine and its 
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homologues by loss of carbon dioxide. That p-hydroxyphenylethyl- 
amine is indeed one of the products of the action of bacteria on 
tyrosine was shown by Barger and Walpole (loc. cit.), and their 
recognition of its physiological action enabled Rosenheim (J, 
Physiol., 1909, 38, 337) to trace the substance in placental extracts, 
the action of which on blood pressure and uterus was first observed 
by Dixon and Taylor (Brit. Med. Journ., 1907, ii, 1150). Rosen- 
heim also showed that such extracts are only active if the placenta 
has undergone a certain amount of putrefaction. Similarly, Van 
Slyke and Hart (Amer. Chem. J., 1903, 30, 8) found p-hydroxy- 
phenylethylamine in Cheddar cheese, but not in cheese prepared 
under sterile conditions. Quite recently the base was also isolated 
from Emmenthaler cheese by Winterstein and Kiinz (Zeitsch. 
physiol. Chem., 1909, 59, 138). , 

In all the above investigations, p-hydroxyphenylethylamine was 
only obtained in small quantities (generally as the dibenzoyl 
derivative). Even the method of preparation by the destructive 
distillation of tyrosine yields only small quantities. After the 
powerful and interesting physiological action of the substance 
became known, and after the substance had been recognised as the 
chief active principle of aqueous extracts of ergot, it became 
desirable to have a more convenient method of preparation, and 
this was found in the reduction of p-hydroxyphenylacetonitrile. 
The latter substance had already been prepared by Pschorr, Wolfes, 
and Buckow (Ber., 1900, 33, 171), and readily yielded the desired 
amine on reduction with sodium and alcohol. It thus became 
possible to study the properties of the substance a little more 
closely, and particularly to investigate its behaviour towards 
methylating agents. Since the alkaloid hordenine, obtained by 
Léger (Compt. rend., 1906, 142, 108) from malt germs, is regarded 
as having the structure 


HOK CH, CH, N(CH,), 

its synthesis, by methylation of phydroxyphenylethylamine, was 
attempted. By the action of methyl iodide on this base, a 
quaternary iodide is readily obtainable, which proved to be identical 
with hordenine methiodide. It is hoped that an account of these 
experiments, which are as yet incomplete, may be given later. 

Attention may also be drawn to the somewhat close chemical and 
physiological relationship between the active principle of ergot under 
discussion and the active principle of the adrenal gland, 


HO 


HOK CH(OH)-CH,-NH-CHy. 
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EXPERIMENTAL. 
Isolation of p-Hydroxyphenylethylamine from Ergot. 


Preliminary experiments had shown that the active principle in 
question could not be removed to any appreciable extent from 
aqueous extracts by extraction with ether, chloroform, or ethyl 
acetate. Nor could the substance be obtained by precipitation ; 
it was, indeed, carried down to a large extent whenever a bulky 
precipitate was formed, as, for instance, by basic lead acetate, 
but it could not be recovered from these precipitates. In amyl 
alcohol, a solvent was, however, found which extracted the active 
principle from an aqueous extract, rendered alkaline by sodium 
carbonate, but not from one containing a sufficient quantity of 
sodium hydroxide or hydrochloric acid. The active substance 
therefore behaved like a phenolic amine. In the case of putrid 
meat, the purification, suggested by these properties, was sufficient 
to allow of the crystalline dibenzoyl derivative being obtained at 
once, but in the case of ergot this was not so by any means. A 
certain portion of the large quantity of inert matter, which still 
accompanied the active principle after the use of amyl alcohol, 
was removed by precipitation in alcoholic solution by mercuric 
chloride. Its final isolation, however, only became possible by 
utilising the (very slight) solubility of the substance in ether, 
which solubility had originally been overlooked. Eventually the 
following process was employed : 

The aqueous extract from 1°5 kilos. of ergot was concentrated 
to 375 c.c. in a vacuum on the water-bath; it was then rendered 
alkaline with sodium carbonate and extracted ten times with 
150 c.c. of amyl alcohol (a very tedious process on account of the 
formation of emulsions). The amyl alcohol extract was evaporated 
to 200 c.c., and extracted ten times with 30 c.c. of 1 per cent. 
sodium hydroxide. The sodium hydroxide was neutralised with 
hydrochloric acid and evaporated to dryness, and the residue was 
extracted with absolute alcohol, which left sodium chloride behind. 
The alcoholic filtrate, measuring 250 c.c., was precipitated with a 
saturated alcoholic solution of mercuric chloride until no further 
immediate precipitate occurred (about 10 c.c. were required). After 
filtration by the aid of the pump, the filtrate was concentrated ; 
the remainder of the alcohol was removed by distillation in a 
current of steam, so that the solution was never evaporated to 
dryness. A precipitate, insoluble in water, was formed, and was 
collected; the excess of mercury was then removed by hydrogen 
sulphide, and the solution was concentrated to 30 c.c. 

This solution, which was still strongly pigmented, was very active 
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physiologically, 0°5 c.c. producing a large rise of blood-pressure, 
At each step in the purification, it was shown by physiological 
experiment that the loss of activity was only of such an order as 
the manipulations necessarily entailed. In the same way it was 
shown that the active substance could be removed from solution 
as an insoluble benzoyl derivative, and recovered by hydrolysis, 
but it was impossible to crystallise the benzoyl derivative, or to 
separate it from the complex mixture of other benzoyl derivatives, 
The final purification was made possible by the observation that 
the active principle is very slightly soluble in ether. 

To the above-mentioned concentrated solution sufficient sodium 
hydroxide was added to make it semi-normal; the solution was 
then extracted ten times with half its volume of ether. This 
ethereal extract possessed no physiological activity. After 
neutralising the aqueous solution and rendering it slightly alkaline 
with sodium carbonate, it was again extracted ten times with half 
its volume of ether. On evaporation the ether left behind 0:1 
gram of a dark brown, syrupy residue, which gave an intense 
Millon reaction, and was very active physiologically. The aqueous 
solution was again extracted ten times with ether, and the ethereal 
extract was found to possess about one-quarter of the activity of 
the first extract, showing that presumably nearly all, but not all, 
the active substance had been removed; in accordance with this 
the aqueous solution was now found to possess a very slight 
activity, much less than that of the second extract. The con- 
clusion therefore seems justified that the whole of the active 
substance is (very slightly) soluble in ether. 

The first ethereal extract containing the bulk of the active 
substance was dissolved in 3 c.c. of 10 per cent. sodium hydroxide, 
and benzoylated by the Schotten-Baumann method. The dark 
brown benzoyl derivative was boiled in alcoholic solution with 
animal charcoal, and separated as an amorphous, pigmented solid. 
This was redissolved in hot alcohol, and then separated overnight 
in large, almost white, sphzro-crystals, which were collected and 
washed with alcohol. These crystals melted at 167°. On mixing 
with an equal weight of synthetic dibenzoyl-p-hydroxyphenylethyl- 
amine (m. p. 170°), the melting point was 168°5°. 

The amount of the crystalline benzoyl derivative thus obtained 
was too small to admit of analysis. 4°5 Milligrams were hydrolysed 
by boiling with 20 per cent. hydrochloric acid for twelve hours; 
after removal of the hydrochloric and benzoic acids, the solution 
gave an intense coloration with Millon’s reagent, and was found 
to have a powerful physiological effect, almost as large as that of 
pure synthetic p-hydroxyphenylethylamine. 
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The slight difference in effect was doubtless due to a small portion 
of the benzoyl derivative not having been fully hydrolysed, or to 
decomposition during the prolonged boiling with acid. 

After the active principle had thus been identified, 0°12 gram of 
synthetic p-hydroxyphenylethylamine was added to the inactive 
ergot solution, and the extraction with ether was repeated exactly 
as before. In the first ten extractions, 0°08 gram was now 
removed, and in the second ten extractions 0°02 gram, thus showing 
a close agreement in the partition between ether and water to 
that observed before by physiological means. 

It is, indeed, possible, by using a sufficient quantity of ether, to 
show that a crude aqueous ergot extract contains a phenolic base 
giving the Millon reaction, but as the amount present is wholly 
insignificant compared with that of the inert substances accom- 
panying it, this method would scarcely be suitable for the identifica- 
tion of the substance. It will be clear from the above that it is 
very difficult to form an estimate of the amount of p-hydroxy- 
phenylethylamine in ergot by chemical meaus, but on physiological 
grounds this amount would appear to be of the order of 0°1—0°01 


per cent. 


Synthesis of p-Hydrozyphenylethylamine from 
p-Hydroay phenylacetonitrile. 


The preparation of p-hydroxyphenylacetonitrile from phenyl- 
acetonitrile proceeded in close agreement with the description given 
by Pschorr, Wolfes, and Buckow (loc. cit.), except that the yield 
on diazotisation fell somewhat short of that given by these authors, 
and amounted at most to 60 per cent. The intermediate products 
were used in their crude condition. 

For the reduction, 5 grams of p-hydroxyphenylacetonitrile are 
dissolved in a small quantity of absolute ethyl alcohol, and 7—10 
grams of sodium (2—3 times the theoretical quantity) are added 
in small pieces. The solution is kept boiling and as concentrated 
as possible; when sodium ethoxide separates out, more alcohol is 
added to dissolve it. When all the sodium has dissolved, the 
solution is neutralised with hydrochloric acid and evaporated to 
dryness. The residue, consisting mostly of sodium chloride, is 
extracted with absolute alcohol, and from this alcoholic solution 
p-hydroxyphenylethylamine hydrochloride can be precipitated with 
ether. It is, however, preferable to purify the free base. For this 
purpose, sodium carbonate is added to the alcoholic solution of the 
hydrochloride, and the solution is evaporated to dryness on the 
water-bath under diminished pressure; the residue may be further 
dried by evaporation with absolute alcohol, and is then extracted 
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with boiling xylene until no more of the base crystallises from the 
filtered extracts on cooling. It is not easy to obtain the base per. 
fectly white by recrystallisation, but this may be readily done | 
by distillation, the boiling point being 161—163°/2 mm. and 
175—181°/8 mm. For this a suitably shaped receiver is necessary, 
on account of the high melting point of the substance. 

When crystallised from alcohol, p-hydroxyphenylethylamine 
forms hexagonal leaflets, m. p. 161°. It is soluble in about 10 
parts of boiling ethyl alcohol, somewhat less in boiling water, very 
much less in boiling xylene, and hardly soluble in cold xylene, 
Xylene is a convenient solvent for recrystallisation, as it does not 
dissolve the resinous impurities. According to Gautier, the base 
is soluble in 95 parts of water at 15°. According to Schmitt and 
Nasse, p-hydroxyphenylethylamine is easily decomposed, but this 
the author is unable to confirm. The base gives Millon’s and 
Mérner’s reactions for tyrosine. When benzoylated in 10 per 
cent. sodium hydroxide with excess of benzoyl chloride, the dibenzoyl 
derivative, m. p. 170°, previously prepared by Emerson, is obtained. 
With one molecular equivalent of benzoyl chloride a certain amount 
of the N-monobenzoyl derivative, OH-C,H,-CH,*CH,-NH-CO:C,H,, 
is formed, which crystallises from alcohol in hexagonal plates, 
melting at 162°, and is somewhat more soluble than the dibenzoyl 
derivative : 

0°1300 gave 6°5 c.c. N, (moist) at 15° and 750 mm. N=5'8. 

C,;H,,O.N requires N=5'8 per cent. 

When picric acid is added to a hot aqueous solution of p-hydroxy- 
phenylethylamine, a picrate melting at 200° slowly crystallises in 
short prisms. 


THE WELLCOME PHYSIOLOGICAL RESEARCH LABORATORIES, 
HERNE Hitt, Lonpon, S.E. 


CXXVIIL—The Influence of Solvents on the Rotation of 
Optically Active Compounds. Part XV. Mixed 
Solvents. 


By Tuomas Stewart Parrerson and Harvey Hue Montcomertz. 


THE variation of the rotation of an active substance under the 
simultaneous action of two indifferent solvents has already been the 
subject of several investigations by Oudemans (Annalen, 1873, 166, 
71; 1876, 182, 47), Hesse (Annalen, 1875, 176, 219), and Rimbach 
(Zetisch. physikal. Chem., 1892, 9, 698). The results of these 
researches are summarised in Landolt’s “Das optische Drehungs- 
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vermigen,” 2° Auflage, p. 211; therefore we need only say here, 
regarding the experiments of Oudemans and Hesse, that cases were 
observed in which certain alkaloids showed a higher rotation in a 
mixture of two solvents at a given concentration than in either 
solvent separately, a phenomenon which seems to deserve some further 
investigation. 

Rimbach’s accurate and very complete research dealt with the 
rotation of camphor in benzene, in ethyl acetate, and in mixtures of 
these solvents; of turpentine in acetic acid and alcohol, and of 
dextrose in aqueous solutions of magnesium chloride and in aqueous 
solutions of calcium chloride. For camphor in ethyl acetate and 
benzene, and for turpentine in alcohol and acetic acid, he shows that 
the rotation of the active substance in the mixed solvent may be 
calculated approximately by a simple mixture-formula : 

[a] = [a]},P, + [a},?2, 

where P, and P, are the quantities of the components contained in 
unit weight of the mixed solvent, [a] is the specific rotation of the 
mixture, [a], and [a], the specific rotations of the active substances 
in the respective solvents separately. There was, however, a slight but 
distinct difference in each case, which could not be accounted for by 
making allowance, in calculating the specific rotation of the solution, 
for the slight change of density on mixing. Rimbach found, further, 
that magnesium chloride exerted, practically speaking, no effect on 
the rotation of dextrose, whereas calcium, chloride had a very powerful 
influence. 

In undertaking some further work on this subject, we were actuated 
by the desire to throw some light on the cause of rotation-change due 
to solution in a single solvent, especially perhaps in regard to the 
possibility of the occurrence of chemical combination between solute 
and solvent, and we also thought that, in at least two respects, an 
improvement could be effected on Rimbach’s choice of material. It is 
clearly desirable that the solvents used should have effects on the 
rotation of the active substance as divergent as possible, and also that 
the densities of the solvents should lie considerably apart; in short, 
that all differences should be emphasised to the maximum extent. 
From Rimbach’s data, a ¢=20 solution of camphor in benzene has 
[a]> +43-3°, whilst at the same concentration it has in ethyl acetate 
[a] +51°9°. There is thus only a difference of 8°6° in the rotations, 
whilst the maximum difference which it is possible to consider is one 
of less than 12°; also, the specific gravities of the solvents lie very 
close together. For turpentine in acetic acid and in alcohol there is 
only a difference of less than 2° in rotation, but a somewhat greater 
difference than in the former case, in regard to the density of the 
solvents. 
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We chose as active substance ethyl tartrate, and as solvents, nitro- 
benzene and ethylene bromide. In nitrobenzene at infinite dilution 
ethyl tartrate has [a]}) + 41° (Trans., 1908, 93, 1837), and in ethylene 
bromide, [a];) — 19°, so that the effect of these two solvents is very 
different indeed. We were then enabled to work with fairly concen. 
trated solutions (about c= 24), which, of course, renders the rotation 
data the more accurate. At c=23°938 in nitrobenzene, ethyl 
tartrate has [a]j +25°9°, and at ¢=23°832 in ethylene bromide, 
[a]? —10°72°, a difference of 36°62°, or about four times as great 
as in Rimbach’s experiments. The density also of ethylene bromide 
(d? =2°18141) is nearly twice as great as that of nitrobenzene 
(d? = 1'20346), so that solutions of equal concentration (c) are very 
different in weight. 

It is somewhat easier, experimentally, to make up solutions with a 
mixed solvent to a certain definite concentration (c=grams per 
100 cc.) than to a definite percentage composition (p=grams 
per 100 grams solution), so in our first series of experiments we 
used always the same quantity (10 cc.) of ethyl tartrate in 50 c.c. 
of solution, varying the relative proportions of nitrobenzene and 
ethylene bromide. 

In preparing all the solutions care was taken to mix the liquids 
thoroughly before making up to the mark, to ensure that any change 
of volume due to mixing should be practically complete before the 
final adjustment was made. The concentrations quoted, however, do 
not depend on the graduation of the flask, but are calculated from the 
weight of the solution and its density. The results of our first series 
of experiments are given in table I. 


TasieE I, 


Ethyl Tartrate in Nitrobenzene, in Ethylene Bromide, and in Mixtures 
of these Solvents, 


(Ethyl tartrate, aj (100 mm.) + 9°372°, dj? =1:20539; nitro- 
benzene, dj? = 1-20346 ; ethylene bromide, dj =2°18141.) 


Composition of 
solvent. 
Grams of 
Number _anitrobenzene 
of in 100 grams of 
solution, mixed solvent. , . ad a” (200mm.). [a]. 
100-000 1°20144 +12°40° + 25°9° 
61°915 1°39611 7°62 15°95 
35 °627 1°58642 3°34 7°01 
35°034 1°59099 3°225 6°80 
1°78028 — 0°81 -—1°70 
1°97599 -5°11 - 10°72 


—_— 
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When from the two extreme values the rotations are calculated for 
the intermediate solutions on the assumption that the effect of the 
nitrobenzene or of the ethylene bromide should be proportional to 
its volume in the mixed solvent, the following data are obtained. 


Taste II. 


Composition of 
solvent. 
Parts by volume 
of nitrobenzene Pe Expansion 
Number per 100 parts [a], . per 
of by volume of ~ ‘ ~ 100 c.c. 
solution. mixed solvent. Observed. Calculated. A. c.c. 
+25°9° — — 0°200 
15°95 16°61° — 0°66° 0°438 
7°01 7°58 — 0°57 0°572 
6°80 7°38 — 0°58 0°564 
—1°70 —1°56 —0°14 0°588 
-—10°72 — — 0°570 


The agreement between the calculated and observed values is thus 
fair, but differences, which cannot be neglected, certainly occur— 
differences of just the same order of magnitude as those observed by 
Rimbach. The calculated is always higher than the actual value, 
and in the first three cases certainly, but probably in all, the difference 
is much above the experimental error. That the experimental error 
is not great may be judged by comparison of the data for solutions 
3 and 4, which were made up purposely of an almost identical concen- 
tration. It will be seen that the differences between the calculated 
and observed values in these two cases are, as they should be, 
practically identical. 

As in the case of the differences observed by Rimbach, these 
deviations from the calculated values cannot be explained by the 
slight density change on mixing. In the first place this change 
is in the wrong direction. The observed rotation is less than the 
calculated value, and to bring about this result, the density of 
the mixed liquid would require to be greater than that calculated 
from the separate values ; the actual behaviour is just the opposite of 
this. Secondly, the change in density, even if it were in the proper 
sense, would require to be ten times greater than it is to annul 
numerically the departure of the rotation from the calculated value. 

This departure from the calculated rotation values may perhaps be 
accounted for as follows. Each pair of the three liquids used mix 
with expansion. For ethyl tartrate in nitrobenzene, and ethyl 
tartrate in ethylene bromide, this can be shown by means of the 
data already given, whilst for mixtures of ethylene bromide and 
nitrobenzene we obtained the following numbers : 

VOL, XCV, 4“ 
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Composition of mixture in grams, Expansion 
Ethylene qd a 100 c.e, 
Nitrobenzene. bromide, (experimental). (calculated). C.c. 
23°9307 28°7086 1°58799 1°5929 0°312 
31°5120 19°3252 1°44710 1°4505 0°228 

The calculated density is in both cases greater than that found, 
In the last column is shown the expansion on mixture of such 
quantities, taken in the proportions quoted, as, separately, occupy 
100 c.c. 

Now it has been shown by one of us that, at least for ethyl tartrate 
in a variety of solvents, there appears to be a relationship between 
the volumes of the dissolved ester and its rotation in a given solvent, 
Roughly speaking, it is to be expected that if ethyl tartrate be 
dissolved separately in two liquids, the rotation will be greater in the 
solution having the smaller volume. For instance, as is shown in 
table II, the expansion (0°2 c.c.) on mixing 19°86 c.c. of ethyl 
tartrate with 79°94 c.c. of nitrobenzene is only about one-third of the 
expansion (0°57 c.c.) which occurs on mixing 19°77 c.c. of ethyl 
tartrate with 79°66 c.c. of ethylene bromide. In harmony with this, 
the rotation in the nitrobenzene solution is much higher than in the 
ethylene bromide solution.* Now since the expansion is greater for 
the three component than for the two component mixtures (see the 
last column of table II), the internal forces in the former may be less 
' than a simple mixture law would lead us to expect, for which reason 
the rotation has a lower than the calculated value. 

As an alternative explanation it might be supposed that the ethylene 
bromide has a slightly superior “attraction” for the ethyl tartrate, so 
that its influence preponderates in the mixture. By “attraction” we 
mean that property of a liquid, or a property similar to that in 
consequence of which it is capable of holding another substance in 
solution, a mutual affinity which it does not seem necessary to regard 
as identical with chemical combination. This attraction would pre- 
sumably be composed of two factors, one due to the solvent and one 
to the solute, and a relative measurement of it is probably obtained 
by distributing a given solute between two immiscible solvents, 

The idea that the influence of a solvent on the rotation of an active 
compound may be a measure of this affinity is of interest, but 
only very little experimental work exists by which it can be tested. 
Winther (Zeitsch. physikal. Chem., 1907, 60, 586) has examined the 
distribution of ethyl tartrate between ethylene bromide and water 


* It is true, however, that this assumption of a relationship between volume and 
rotation in the above instances is very distinctly open to criticism, the chief reason 
being that, since ethyl tartrate and nitrobenzene mix with expansion, the specific 
rotation of the solution ought to be less than that of the homogeneous ester instead 
of being, as is actually the case, much greater. 


co 
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and finds it to be, in dilute solution, about 1:6. The attraction 
of water for ethyl tartrate is thus much greater than that of ethylene 
bromide, and the rotation in the former is, of course, much greater than 
in the latter solvent. Winther’s experiments also show that the 
attraction of formamide for ethyl tartrate is very much greater than 
that of ethylene bromide—but this case seems to be peculiar—whilst 
the distribution ratio of ethyl tartrate in benzene : water is about 1:5, 
which is again in qualitative agreement with the rotation data. 
From these facts, however, it would hardly seem probable that ethylene 
bromide should have a stronger attraction for ethyl tartrate than 
has nitrobenzene, but the matter is worth some further investigation. 

It appears then from our experiments that if two solutions of ethyl 
tartrate of equal volume-concentration (c),* one in nitrobenzene and 
one in ethylene bromide, be filled respectively into two tubes of equal 
length (/), the rotation, taken through these two tubes placed one 
behind the other, will be almost the same as the rotation observed in a 
tube of length 2/7, after mixing the two solutions. 

As already mentioned, the two solvents we used were very different 
in density, and therefore in discussing the rotations of solutions in 
nitrobenzene and ethylene bromide it may make a great deal of 
difference whether comparison be instituted between solutions of 
equal percentage composition or of equal volume-concentration. We 
thought therefore that it would be of interest also to carry out 
a series of experiments in which the percentage composition of the 
solution, with reference to ethyl tartrate, was kept constant and 
the proportion of the two solvents varied. Our results are shown in 
table III. Solutions Nos. 7, 8, and 9 were made up specially for this 
purpose ;~solution No, 1 is the same as appears in tables I and II. 


Tase ITI. 
Proportion of nitro- 
Number benzene in solvent. 
of ra a 


solution. Weight. Volume. p. c. a, 


1,... 100°00 100°00 19°925 23°938 1°20144 
| on 49°95 63°17 19°922 29°08 1°45966 
ee 33°35 47°55 19°926 31°34 1°57267 
9.... 0°00 0°00 19°942 37°19 1°86496 


TasLe LV. 


[a]?”. 
Number — — 
of Ob- Calculated. Calculated. Calculated. 
solution. served. iL A. II. ' III. 
1... +25°90° _ — — 
a 11°50. +9°1° +2°40° +12°3° ; + 11°36° 
8... 6°06 3°6 + 2°46 6°47 ‘ 5°97 
Dose -— 7°56 — — — 


* Solutions presumably of equal osmotic pressure. 
4E 2 
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In table IV are shown the observed rotations along with values 
calculated on different assumptions. The first assumption one would 
naturally make is that the rotation should vary directly with the 
weight proportion of the constituents of the mixed solvent. This is 
the same thing as supposing solution No. 7, for instance, to be split 
up into two solutions, one of 9°951 grams of ethyl tartrate in 40 
grams of nitrobenzene, and the other of 9°971 grams of ethyl tartrate 
in 40°078 grams of ethylene bromide. These two solutions are of the 
same percentage composition as the original solution, but whilst the 
volume of the former would be 41°58 c.c., that of the latter would only 
be 26°84. These two solutions may be supposed to be placed in a tube 
of 1 sq. cm. cross section and divided by a partition into two com- 
partments just long enough to contain the two solutions, and it can 
easily be calculated from the data for solutions Nos. 1 and 9 that the 
superimposed observed rotations in the divided tube would amount to 
+18°04°, whence taking into account the density of solution No. 7, the 
theoretical rotation for the mixed solution, if no change occurred on 
mixing, would be + 9°1°. 

It is clear, however, from our data that if the partition in the tube 
were removed and the solutions allowed to mix, the observed rotation 
would alter from +18-04° to +22°88°, an increase of about 27 per 
cent. of the original value. 

This is a result we had not foreseen, but it is probably to be 
explained as follows, and this constitutes our second method of calcu- 
lation in table 1V. The osmotic pressure of the two solutions just 
discussed would, of course, have very different values, and if we 
imagine the partition in the tube to be a semipermeable membrane, 
allowing ethyl tartrate to pass freely, but confining the solvents to 
their respective divisions of the tube, then the active ester would 
diffuse out of the ethylene bromide into the nitrobenzene until the 
concentrations in the two solvents were equalised.* At the same 
time the volume of the nitrobenzene solution would increase, whilst 
that of the ethylene bromide diminished, to allow for which we may 
suppose the partition to change its position in the tube. Neglecting 
small volume changes due to the fact that the volume of the mixtures 
is not strictly additive, the tube will now contain 43°88 c.c. of a 
p=24:29 (c=29°23) solution of ethyl tartrate in nitrobenzene, and 
24°26 cc. of a p=15°04 (c= 29°23) T solution of ethyl tartrate in 


.* This ignores the possibility of a different degree of association of the ethyl 
tartrate in the two solvents. The degree of association is in fact, however, much 
the same in both. 

t These concentrations are greater than that of the original solution (No. 7), 
because the sum of the separate volumes (68°14 c.c.) is less than that of the mixed 
solution (68°51 c.c.). 
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ethylene bromide. The observed rotation of the former, from data 
given by one of us (Trans., 1908, 98, 1856), would be +31-28°, and 
of the latter, from data by Winther (Zeitsch. physikal. Chem., 1907, 
60, 578) and some of our own observations, it would be — 6°84°, the 
sum being therefore +24:44° instead of the 22°88° actually deter- 
mined. The specific rotation calculated in this manner would thus 
have the value +12°3°, which is in excess of the observed value, 
+11:5°, by a quantity of the same order as the differences in 
table IT. 

The series of observations for constant concentration and the series 
for constant percentage composition are thus brought into harmony, 
and it seems fairly clear that the influence of either of these two 
solvents on the rotation of ethyl tartrate may be taken as almost 
directly proportional to its volume, but not to its weight. 

We noticed, however, by chance, that the rotation values for this 
series can be calculated very closely when the specific rotation of a 
mixture is assumed to be proportional to the mean of the percentage 
composition of the solvent by weight and by volume. Thus, for solu-— 
tion No. 7 in table III, the rotation is proportional to 56°56, the mean 
of 49°95 and 63°17. This gives the value 11-°36° instead of the 
experimental 11°5°, the difference being thus very slight, whilst the 
agreement is even better for solution No. 8. ‘The specific rotation, 
[a], of the mixed solution is thus given by the expression : 

= 

ail w, Wo d, 
[a]=3 ha Nee ne wy 

a «& 
where [a], and [a], are the specific rotations of solutions of a given 
percentage composition in the two solvents, w, and w, the percentage 
weight of each solvent in the mixed solvent, d, and d, the densities of 
the solvents, The numbers in the seventh column of table IV were 
calculated in this way, but the physical meaning of this method of 
calculation is not quite clear. 

It seemed also worth while to determine whether the calculated 

value for rotation agrees more closely with that found experimentally, 


TABLE V. 


Composition 
Composition of 100 gramsof of solvent. 
solution in gram-mols. Percentage 
Number r zis ~ number of [a];”. 
of Ethyl Nitro- Ethylene molecules of -—— : 
solution. p. tartrate. benzene. bromide. nitrobenzene, Obs. Cale. 
0°0729 0°53871 0:0000 100°00 +25°6° — 
0°0729 0°2461 0°2910 45°82 701 4 866°2° 
00729 0°0000 0°5371 0°00 —10°3 -- 
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when the influence of a solvent is regarded as proportional to the 
number of its molecules present in the solution. This method has 
recently been warmly advocated by Armstrong. Table V shows the 
kind of agreement that is obtained. 

The rotation of solution V is derived from experiments by Patterson 
(Trans., 1908, 93, 1856), and that of solution W from data recorded 
by Winther (Zeitsch. physikal. Chem., 1907, 60, 578). It will be 
observed that the calculated value is in this case less than that 
observed. The deviation is thus in the opposite sense from, and is 
also somewhat greater than, that found in table II, where the 
composition of the solvent is taken by volume. 


Heat of Mixture of Various Liquids. 


It seems strange that the heat and volume changes accompanying 
the mixture of indifferent liquids should have attracted comparatively 
little attention. Work has been done on the subject by Bussy and 
Buignet (Ann. Chim. Phys., 1865, (iv), 4, 5), by Dupré (Proc. Roy. 
Soc., 1872, 20, 336), by Guthrie (Phil. Mag., 1884, (v), 18, 495), by 
Clarke (Physikal. Zeitsch., 1905, 6, 154), and particularly by Timoféeff, 
whose paper, however, is only accessible to us in abstract (Chem. 
Zentr., 1905, ii, 429 ; Abstr., 1905, 86, ii, 678). Since no generalisa- 
tion has been arrived at which we could consider with reference to 
rotation in solution, we measured some temperature changes which 
occur on mixing ethyl tartrate and a number of the solvents that 
have been used at various times in this investigation. Ethyl tartrate 
(10 c.c.), contained in a test-tube provided with a stirrer, was placed 
in a thermostat at or near 20°. An equal quantity of solvent was 
placed in another test-tube in the same thermostat. The liquids, 


TasLe VI. 


Volume Change and Temperature Change Attending Mixture of 
Certain Liquids. 


Volume Volume 
of first of second 
Av* liquid _ liquid 
Mixture of a in ¢.c. inec.c. ince, p. 
Ethyl tartrate : water -2°03 54°47 45°53  50°225t 
- »» + ethylene bromide : +0°57 19°88 80°12 12°061 
ai xs +? nitrobenzene ‘ +0°20 19°9 80°10 19°925 
a »,  : methyl alcohol... ‘ -—1°52 39°63 60°37 50°00 t 
ma »» + benzaldehyde ... ‘ — 0°24 32°41 67°59 35°5 || 
a 5» quinoline ; -070 1975 80:25 21°34 || 
Etliylene bromide : quinoline ... 5 +0°03 34°46 65°54 51°19 
a i : nitrobenzene. +0°32 39°82 60°18 54°54 
* It is particularly to be observed that whereas the temperature changes are for 
equal volumes of the liquids, the volume changes are those which result on mixture 
of the quantities quoted in columns 4 and 5 of the table. 


T Trans., 1904, 85,1154. + Trans., 1901, 79, 201. {| Trans., 1909, 95, 325. 
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when they had attained to the same temperature, were mixed, and the 
change of temperature noted. The results, which of course do not 
indicate the quantity of heat evolved, are given in table VI, a rise 
being denoted by the + sign and a fall by the — sign. In the table 
are also given some data for the volume changes on mixing these 
different liquids. 

Thus, 54°47 c.c. of ethyl tartrate and 45°53 c.c. of water give 97:97 
ec. of the mixture. The resulting contraction of 2°03 c.c. is entered 
in column 3, and the percentage composition of the solution, in terms 
of the first of the two liquids under consideration, is shown in the 
last column. 

Although Bussy and Buignet, and also Timoféeff, have noticed in 
certain instances a different behaviour,* the volume and temperature 
changes recorded above are entirely in (qualitative) harmony, and 
the same was found by Guthrie and by Clarke for the mixtures 
which they examined. In each case a rise of temperature is 
accompanied by contraction, and a fall of temperature by 
expansion, 

The temperature or volume changes are, however, not apparently 
connected with rotation in solution. Thus, water and nitrobenzene 
both cause a considerable rise in the rotation of ethyl tartrate, but 
they produce opposite temperature effects, and, on the other hand, 
whilst nitrobenzene causes a great increase of rotation and ethylene 
bromide a great depression, the temperature change is, in both cases, 
in the same sense. Further, whilst benzaldehyde and quinoline at 
about py=50 produce, in ethyl tartrate, nearly the same specific 
rotation, the temperature effects differ greatly. 

Very various opinions seem to be held as to the reason for tempera- 
ture and volume changes on mixture of such liquids. The phenomenon 
is probably complex ; true solution, whatever that may turn out to 
be, has perhaps always one definite effect, or it may have none, as 
some appear to hold, and association, dissociation, chemical combina- 
tion may produce other effects, superposition of which makes in- 
vestigation of the question difficult. But since one of the most 
important accompaniments of a spontaneous chemical combination is 
development of heat, it seems justifiable, where a heat development 
seems exceptionally great, to adopt, as a preliminary working 
hypothesis, the idea of combination. 

Of the substances in the above table, that which mixes with ethyl 
tartrate with the greatest elevation of temperature is quinoline, and 
quinoline had already attracted our attention as a solvent for ethyl 

* The behaviour of twenty-four pairs of liquids is shown in a table on p. 257 of 
Sydney Young’s Stoichiometry. In six cases, the heat and volume changes are not 
in harmony. 
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tartrate, it having shown itself to be peculiar in regard to its influence 
on the rotation of the ester (Trans., 1909, 95, 323), and this might 
possibly be due to combination of solvent with solute. 


Cryoscopic Hauperiments with Two Solutes Present Together. 


Thinking that cryoscopic molecular-weight determinations might be 
of interest in this connexion, we carried out the following experi- 
ments. Nitrobenzene in regard to its influence on the rotation of 
ethyl tartrate may be said to be normal,* whence we should be 
inclined to postulate the absence of chemical combination between the 
two substances, more especially since the heat of mixture is negative, 
The same remarks apply to a solution of ethyl tartrate in ethylene 
bromide. We therefore determined, firstly, the depression of the 
freezing point of ethylene bromide produced by addition of ethyl 
tartrate ; secondly, the depression of the freezing point of ethylene 
bromide produced by addition of nitrobenzene, and, thirdly, the 
depression due to an equimolecular mixture of ethyl tartrate and 
nitrobenzene. If in the last case no combination occurs between the 
two solutes, the depression of freezing point might be expected to be 
practically the sum of the separate depressions. The results were as 
follows : 


Taste VIL 
Ethyl Tartrate (M.W.=206) in Ethylene Bromide (K=118). 


Centigram- 
Grams solute molecules 
Weight of Weight of per 100 solute per 100 

solute. solvent. gramssolvent. gramssolvent. A. 
0°3603 45°55 “713 0°38 0°41° 
0°6392 45°55 ‘ 0°68 0°69 
1°2059 41°127 2°935 1°42 1°323 
2°4018 41°127 5°83 2°83 2°252 
3°8518 41°127 9°36 4°55 3°125 


Nitrobenzene (M.W.=123) in Ethylene Bromide. 


1:0137 39°6705 “BE 2°08 2°297° 131 
1°7640 39°6705 ‘ 3°61 3°762 139 
2°2441 39°6705 6E 4°60 4°667 143 
1°2448 34°4451 ‘ 2°93 3'190 134 
1 6119 34°4451 ‘ 3°80 4°025 137 
2°0291 34°4451 ; 4°79 4°942 141 


* These results agree closely with data given by Winther (Zeitsch. physikal. 
Chem., 1907, 60, 584). 


* Since the rotation of the dissolved ester appears to vary, on change of tempera- 
ture, according to the same Jaw as holds for many other solvents (Trans., 1909, 95, 
323). 
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Mixture of Ethyl Tartrate (1 mol) and Nitrobenzene (1 mol.) in 
Ethylene Bromide, 


Centigram- 
molecules of eaeh A. 

Weight of Weight of constituent per — - ~ 
solute. solvent. 100 grams solvent. Observed. Calculated. Difference. 
0°5508 35°7865 0°4678 1°083° 1°02° +0°06° 
1°0966 35°7865 0°9314 2°020 1'97 +0°05 
1'7639 35°7865 1°4982 2°948 3°15 — 0°20 
2°2950 35°7865 1°9492 3°665 3°85 - 0°19 
3°0266 35°7865 2°5706 4°563 4°89 — 0°33 

“= _— 3°12 * 5:22 * 5°67 — 0°45 


* By extrapolation. 


It will be observed from these results that the apparent association 
of ethyl tartrate in ethylene bromide is considerable. The molecular 
weight of the ester at the highest concentration (p= 8:56) is almost 
twice the theoretical. On the other hand, nitrobenzene shows but 
little association in ethylene bromide. 

When the two substances are dissolved together in ethylene 
bromide, they seem to interfere with one another only to a slight 
extent, since the observed depression is nearly that which was to be 
expected from the separate depressions. 

We next carried out similar experiments, first with quinoline and 
then with a mixturo of quinoline and ethyl tartrate in ethylene 
bromide, and obtained the results shown in table VIII. 


Taste VIII. 
Quinoline (M.W.=129) in Ethylene Bromide. 


Centigram- 
Grams solute molecules 
Weight of Weight of per 100 solute per 100 
solute. solvent. gramssolvent. grams solvent. A. M.W. 
0°7746 45'79 1°692 1°3116 1°490° 134 
1°4288 45°79 3°120 2°4185 2°697 136 
1°8877 45°79 4°122 3°195 3°587 136 
2°3143 45°79 5054 3°918 4°327 138 
2°6057 45°79 5°690 4°411 4°80 140 


Mixture of Ethyl Tartrate (1 mol.) and Quinoline (1 mol.) in Ethylene 
‘Bromide 


Centigram- 
molecules of each A. 

Weight of Weight of constituent per — " ~ 
solute. solvent. 100 grams solvent. Observed. Calculated. Difference 
0°5274 39°081 0°40 0°853° 0°895° 004° 
1°'2220 39°081 0°93 1°780 1°97 0°19 
1°9607 39°081 1°50 2°615 3°03 0°42 
2°6812 39°081 2°05 3'330 4°01 0°68 
4°08 39°081 3°12 4°563 5°81 1°25 
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Quinoline and nitrobenzene thus behave very similarly in ethylene 
bromide solution, quinoline showing, however, slightly less apparent 
association than nitrobenzene. 

From the second set of figures it appears that ethyl tartrate and 
quinoline interfere much more with each other in ethylene bromide 
solution than do ethyl tartrate and nitrobenzene, since the observed 
depression is very distinctly less than the sum of the separate 
depressions. For the latter pair at a concentration of 3:12 cgm.-mols, 
per 100 grams of solvent, the sum of the separate depressions should 
be 5°67°, whilst the experiments give (on extrapolation) 5:22° a 
difference of only 0:45°, whilst in the case of ethyl tartrate and 
quinoline the corresponding difference is 1°247°. 

Although we are not prepared to admit that numbers obtained 
even in only moderately concentrated solution by the cryoscopic 
method really represent average molecular weights,* we think the 
above facts may be regarded at least as presumptive evidence in favour 
of combination between ethyl tartrate and quinoline, and we may also 
point out that if, in the last solution in the tables, the quinoline were 
to be replaced by ethyl tartrate molecules, making the concentra- 
tion of the tartrate 6°24 cgm.-mols. per 100 grams of ethylene 
bromide, the observed depression would then be 3°65° instead 
of 2x2°38=4-76° (that is, twice the depression observed in 
a solution of 3:12 cgm.-mols. per 100 grams of ethylene 
bromide t). The difference, 1°11°, is thus less than that found for the 
quinoline-ethy] tartrate solution, so that the apparent tendency of the 
quinoline molecules to combine with ethyl tartrate molecules is 
greater than the tendency of ethyl tartrate molecules to combine 
amongst themselves. 


The Rotation of Ethyl Tartrate in Mixtures of Quinoline and Ethylene 
Bromide. 


Since the solvent influence on rotation, the temperature change on 
mixing, and these cryoscopic experiments all seemed to indicate a 
difference either of degree or kind in the behaviour of quinoline as com 
pared with a number of other solvents, we thought it would also be of 
interest to examine the solvent effect of mixtures of quinoline and 
ethylene bromide on the rotation of ethyl tartrate in the same 
manner as already described for mixtures of nitrobenzene and ethylene 
bromide. The concentration of the ethyl tartrate was kept constant 


* The formula being valid only for infinitely dilute solution. We have no 
theoretically sound way of modifying the formula to suit concentrated solutions. 
+ By interpolation from data given in the first part of table VII. 
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thylene MH and at the same value as before. The quinoline had d? 1:09392, and 
pparent #@ the ethylene bromide (a fresh sample), dj? 218157. 
at 
© and Taste IX. 
romide oneetanreemen. 
bse uinoline, 
rved Se eee Ex- 
eparate Per100 Per190 ta pansion 
1.-mols, eisia- fntzed mixed a on x _ 100¢.¢ 
should tion. solvent. solvent. c. Dp. d4- (200mm.). Obs. Cale. A. in ¢.c. 
" 10 1000 1000 28-9604 21-3389 112896 +412°62" +26°322  — — 070 
22°, 9 11 «423 «=: 58-96 -23°9604 16177 = =— +702 +1405 F111 4355 — 
12 8295  49°5 + 23°9606 15-3182 1°56068 + 5°25 +1098 +79 +308 -0°26 
© and 0-0 00 23882 12061 197599 - 511 -1072 — — +057 
tained It will be seen from these data that the value of the rotation in the 
scopic mixed solvent (+14°65°) is much higher than that calculated 
k the (+11'1°) on the assumption that the effect of the solvent is pro- 
‘avour portional to its volume. There is thus a distinct contrast between the 
y also quinoline-ethylene bromide and the nitrobenzene-ethylene bromide 
were mixtures. The numerical difference between the calculated and 
ntra- observed values is about five times as great in the former case as in 
ylene the latter, and it is in the opposite sense. The fact that the observed 
stead value is greater than the calculated would seem to indicate that the 
| in quinoline in the mixture has the preponderating influence, which is 
ylene what might be expected from the cryoscopic and other experiments 
r the referred to above. It may also be remarked that the volume change 
' the (-0°26 ¢.c.) in the three component system (solution 12) is a greater 
S is contraction than would be expected (-—0:055 c.c.) from the volume 
bine changes in solutions 10 and 6. This is also in agreement with the 
high rotation and in harmony with the relationship between volume 
change and rotation change which was referred to in connexion with 
the nitrobenzene-ethylene bromide mixtures. 
lene Starting from the assumption that the rotation ought to be 
calculated as proportional to the molecular percentages of the solvents 
3 present, we find for the quinoline-ethylene bromide solutions the 
| r figures of table X, in which the data for solutions X and Y are 
om 
of TaBLE X. 
nd Composition 
me Composition of of solvent. 
ne 100 grams of solution Percentage 
| in gram-molecules. number 
nt Number - sa —~ of mole- [a], 
of Ethyl Quin- Ethylene cules of ee A i 
™ solution. p. tartrate. oline. bromide. quinoline. Obs. Cale. A. 
XZ «ss 13% 0°07436 0°5182 0°0000 100°00 +26°00°° — _ 
12... 15°3182 0°07436 0°2162 0°3020 41°74 10°98 +5°0° +5°98° 


Y ... 13°89  0°07486 0°0000 0°5182 0°00 — 9°95 — _ 
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calculated from results recorded in Trans., 1909, 95, 326, and Zeitsoh, 
physikal. Chem., 1907, 60, 578, respectively. By this method the 
difference between the calculated and observed rotations is thus much 
greater than’when the influence of each solvent is taken as pro. 
portional to its volume, but that of course does not decide which 
process, if either, is correct. 

In conclusion we may summarise our results as follows : 

1. The influence of mixtures of nitrobenzene and ethylene bromide 
on the rotation of ethyl tartrate is approximately proportional to the 
volume composition, but not to the weight composition of the mixed 
solvent. From a consideration of Rimbach’s data and our own, we 
are inclined to think that this will prove to be the normal behaviour, 

2. The influence of mixtures of quinoline and ethylene bromide on 
the rotation of ethyl tartrate is neither proportional to the volume nor 
to the weight composition of the mixed solvent. 

3. The depression of the freezing point of ethylene bromide 
produced by a mixture of ethyl tartrate and nitrobenzene is only 
slightly less than the sum of the depressions that would be produced 
by the two solutes separately. A mixture of ethyl tartrate and 
quinoline, on the other hand, gives a depression considerably less than 
that which might be expected. It would thus appear that ethyl 
tartrate and quinoline have at least a greater tendency to combine 
with each other than have ethyl tartrate and nitrobenzene. 

4. Ethyl tartrate and nitrobenzene mix with absorption of 
heat ; quinoline and ethyl tartrate mix with a very decided rise of 
temperature. This behaviour is also suggestive of compound forma- 
tion in the latter case. 

5. The peculiar influence of quinoline as a solvent on the rotation 
of ethyl tartrate, in regard particularly to change of rotation 
on heating, may perhaps also be a manifestation of compound 
formation. 


The polarimetric measurements here recorded were carried 
out by means of a large Schmidt and MHaensch polarimeter 
kindly placed at our disposal by the Carnegie Trustees for the 
Universities of Scotland, to whom, therefore, we beg to offer our hearty 
thanks. 


THE UNIVERSITY, 
GLAsGow. 
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hod the 

pee OXXIX.—The Action of Phosphorus Pentachloride on 
which Benzamide. 


By Artour Watsn Tiraertey and Exizaseth WorRALL. 


DugiNG an investigation, which is still in progress, of the behaviour of 


oromid : ; = 
to ‘ie secondary amides with phosphorus pentachloride, the action of the 
mixed latter on simple primary amides came incidentally under considera- 


tion. Practically} the whole of our available knowledge of the 


wh, ° . . ° 
ae behaviour of primary amides with phosphorus pentachloride arises 
ide ie from Wallach’s extensive investigation (Annalen, 1877, 184, 1), which 


apparently left little further to be done in this direction. The net 
result of his work, based chiefly on the case of ethyl oxamate (oxa- 
methane) led him to the conclusion (i) that the carbonylic oxygen in 
the amido-group was first replaced by two chlorine atoms ; (ii) that 
the resulting “dichloramide” (I) which was very unstable, readily 
lost hydrogen chloride (1 molecule), yielding the unstable “imide 
chloride ” (II), and (iii) that the latter finally lost another molecule of 


a hydrogen chloride, yielding the nitrile, thus :— 
shine ‘CO-NH, Pk -CCl,NH, —#% -COl:NH —“> -ON. 
(I.) (IL) 
1 of In the case of oxamethane, unstable derivatives of types (I) and 
ie of (II) were isolated in an impure condition, but apparently, in the case 
rma- of all the other amides investigated, phosphorus derivatives containing 
oxygen and chlorine were produced. A derivative containing phos- 
tion phorus was also obtained by Wallach in the case of oxamethane, 
tion having the formula C,H,O,CI,NP. In the case of benzamide, with 
und phosphorus pentachloride in the cold, Wallach obtained a liquid which 
he considered to be a mixture of benzonitrile and phosphory! chloride, 
but by gentle warming he obtained a liquid which, on cooling strongly, 
ied set to a crystalline mass containing phosphorus. This solid compound 
ter decomposed at once in air, and was not further investigated. 
‘he A critical survey of Wallach’s results would suggest that the 
ty general action of phosphorus pentachloride on simple primary amides 


leads to the production of phosphorus compounds and not the simple 
derivatives of types I and II, and that such phosphorus compounds 
readily decompose on heating yielding phosphoryl] chloride and the 
corresponding nitrile. The inconclusiveness of Wallach’s results with 
respect to benzamide led the authors to examine its behaviour with 
phosphorus pentachloride more closely. The conclusions which have 
been arrived at are mentioned below, but after these had been reached 
and the work had been nearly completed, a recent paper by Steinkopf 
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(Ber., 1908, 41, 3571) came under the authors’ notice, in which the 
action of phosphorus pentachloride on halogenated acetamides jg 
described, and, to a large extent, similar conclusions have been drawn, 
Originally it was intended by the authors to describe their work on 
benzamide and dibenzamide in one paper, but as the portion referring 
to the latter is incomplete, it was considered advisable, since Steinkopf 
is at work in a similar field, to publish at once the results so far as 
they relate to benzamide. 

When benzamide and phosphorus pentachloride react at 15°, slightly 
more than one molecular equivalent of hydrogen chloride is evolved, 
and since in no circumstances does interaction occur without 
formation of hydrogen chloride it is clear that the ‘ dichloride’ 
C,H,°CCl,"NH, (aa-dichlorobenzylamine), cannot be formed except ‘as 
an intermediate stage. The production of this derivative, however, 
as a first stage in the reaction can hardly be doubted in view of the 
general facts established by Wallach. In the subsequent change in. 
volving elimination of one molecule of hydrogen chloride, two things 
may be expected, namely, (i) the aa-dichlorobenzylamine may lose 
hydrogen chloride, yielding a-chlorobenzimide, or (ii) it may react with 
the phosphoryl! chloride present, yielding a phosphorus derivative : 

I. C,H;°CCl,,NH, —> C,H,*CCl:NH + HCl. 
(a-Chlorobenzimide. ) 
II. C,H,*CCl,-NH,+POCI, —-> C,H;*CCl,*NH-POCI, + HCl. 


(aa-Dichlorobenzylphosphamice chloride.) 


In any case the liquid obtained in the action between benzamide 
and phosphorus pentachloride at 15° cannot be a mixture of benzo- 
nitrile and phosphoryl chloride as Wallach supposed, since such a 
mixture would require the loss of two molecular equivalents of 
hydrogen chloride. This liquid, on treatment with water, yields 
benzonitrile, whilst on keeping in the cold for several hours in 
absence of moisture it slowly loses a molecule of hydrogen chloride, 
leaving a mixture which consists essentially of benzonitrile and 
phosphory! chloride, and the same result is attained very rapidly by 
heating the liquid produced at 15° to 50°. A totally different result, 
however, is obtained if the action between benzamide and phosphorus 
pentachloride is carried out at 50°, or even at 15°, when such solvents 
as benzene or chloroform are present. The resulting liquid obtained 
under these conditions on careful treatment with water yields a mass 
of colouriess crystals containing chlorine and phosphorus, which on 
investigation proved to be a benzoyl derivative of phosphamic 
chloride, namely, C,H,*CO*-NH-*POCI.. 

This remarkable difference in results, produced by such slight 
difference in conditions, led the authors to examine closely the pro- 
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ducts obtained under a large variety of conditions, and the conclusions 


arrived at may be stated thus : 
L In the cold without solvent the ‘dichloramide,’ first formed, 


immediately loses hydrogen chloride, yielding chiefly a mixture of 


"hich the 
Mides js 
1 drawn, 


work op 

eferring achlorobenzimide, C,H,*CCl:NH, and phosphoryl chloride, together 
beinkopf with other products in small quantities (see p. 1148), The former is 
O far as very unstable; and decomposes slowly at 15°, and immediately at 50°, 


or, on treatment with water, into benzonitrile and hydrogen chloride. 
On account of its instability it is impossible to isolate this a-chloro- 
benzimide, which, moreover, could not be separated by strong cooling 


slightly 


volved, 


vithout or treatment with light petroleum. 
loride,’ II. In the cold, in presencefof benzene or chloroform, the ‘di- 
cept ‘as | chloramide’ first formed immediately reacts with the phosphory] 


chloride simultaneously produced, yielding aa-dichlorobenzy]phos- 


Wever, 
of the phamic chloride, C,H,*CCl,-NH-POCI,, which, on heating to 50°, loses 
age in. hydrogen chloride, yielding a-chlorobenzylidenephosphamic chloride : 


things 
y lose 
t with 


C,H,°CCl,*NH*POC], —> C,H,°CCl:N-POCI, + HCl. 
This ‘product, moreover, results directly when benzamide and phos- 
phorus pentachloride, without a solvent, are heated to 50°, two 
molecules of hydrogen chloride being evolved, but a considerable 
amount of benzonitrile and phosphoryl chloride is also formed. The 
influence of a solvent in inducing the formation of phosphorus deriv- 
atives is very striking, and by adding benzene at different stages of 


ride.) the action and examining the resulting product, after exposure to 
utile moist air, for benzoylphosphamic chloride, it was possible to show that 
aie: the influence of the solvent in the reaction between benzamide and 
in phosphorus pentachloride is not operative after the first molecule of 
,a hydrogen chloride has been evolved, but exerts itself in the reaction 
elds involving elimination of hydrogen chloride. The effect of a solvent, 
- which is similar to that of heat, must be to induce the hypothetical 
ide, aa-dichlorobenzylamine to react with the phosphoryl chloride with 
al liberation of hydrogen chloride, whilst in absence of solvent at lower 


temperatures the aa-dichlorobenzylamine spontaneously decomposes 
without acting on the phosphoryl chloride, yielding a-chlorobenzimide, 
Q,H,*CCl:NH. There is, however, no direct proof available of the 
actual production of the latter compound ; treatment of the supposed 
mixture of this substance and phosphoryl chloride with a benzene 


ed 

" solution of aniline at low temperatures failed to yield phenylbenz- 

we amidine, but having regard to the great instability which might be 

ie expected to characterise a-chlorobenzimide, it is likely that the aniline 
simply effected removal * of hydrogen chloride yielding benzonitrile 

at * A similar removal of hydrogen chloride by aniline has been shown to take 


Place with certain phosphorus derivatives (see p. 1146). 
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which was found. Moreover, attempts to prepare a-chlorobenzimide 
by the action of hydrogen chloride on benzonitrile at low temperatures 
were unsuccessful. 

In regard to the two possible reactions, 

I. C,H,;°CCl,-NH, —> C,H,°CCl:NH + HCl. 

II. C,H,*CCl,-NH, + POC], —> C,H,°CCl,-NH-POCI, + HCl, 
it would appear that whilst the velocity of (I) is not influenced by 
benzene and chloroform the velocity of (If) is greatly accelerated by 
these solvents and by rise of temperature. As already noted, Wallach 
(loc. cit.) isolated a compound similar to that formed in (II), by the 
action of phosphorus pentachloride on oxamethane. The product of 
the action in the cold was a clear liquid, evidently consisting of a 
mixture of phosphory: chloride and the unstable compound, 

CO,Et’CC),-NH., 

which was precipitated in needles by light petroleum. The mother 
liquor, however, on keeping, deposited crystals the composition of 
which corresponded with the formula CO,Et*CCl,*NH*POCI,. The most 
interesting feature, however, in connexion with this substance is the 
fact that it was only formed under the catalytic influence of a trace 
of moisture. Asin the authors’ expeziments moisture was carefully 
excluded by means of phosphoric oxide, it is probable that benzene and 
chloroform behaved catalytically in a similar manner, that is, accelera- 
ting reaction (II) above, and indeed it was shown in one experiment 
that a relatively small quantity of chloroform gave a nearly quanti- 
tative yield of the phosphorus derivative. 

The behaviour of a-chlorobenzylidenephosphamic chloride with 
moisture is very remarkable, seeing that the two chlorine atoms 
attached to phosphorus escape action, whilst that attached to carbon is 
replaced by hydroxyl, yielding the benzoylphosphamic chloride, 

C,H,*C(OH):NPOCI, — C,H,*CO-NH-POCI.,, 
already referred to, from which benzoylphosphamic acid, 
C,H,-CO-NH-PO(OH),. 
may be readily obtained. This curious action is probably attributable 
to the steric hindrance of the phenyl group, and suggests that the 
C,H;—CCl 
POCI,"N 

Both chlorobenzylidenephosphamic chloride and benzoylphosphamic 
chloride readily react with aniline. In each case one of the chlorine 
atoms attached to phosphorus is {immediately replaced by the anilino- 
group, whilst the other tends to be eliminated more slowly as hydrogen 
chloride under the influence of the aniline, instead of being replaced. 
The final product of the action of aniline on a-chlorobenzylidene- 


trichloro-derivative has an anti-configuration, 
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phosphamie chloride after several days is phenyliminophosphoryl- 
phenylbenzamidine, C,H,*C(NHPh).N*PO:NPh, and not the expected 
trianilino-derivative. The changes which have been observed are 
shown in the following scheme : 


colPh:N*POCI, 29 OH*CPh:N-POCI, Z” COPh*NH-POCI, 


| | PhNHg 
deta COPh‘NH*POCI‘NHPh 
Benzoylaminoanilinophosphoryl 
chloride, m. p. 176°. 
WDheNyTé . - HCl 1 AT DA - H,O | 
OcIPh:N*POCI*‘NHPh _— CCIPh:N*PO:NPh _", vy 
| OH’CPh:N*PO:NPh =” COPh‘NH*PO:NPh 
Y Phenyliminophosphorylbenzamide, m. p. 226°. 
NHPh*CPh:N*PO:NPh 
Phenyliminophosphoryl- 
phenylbenzamidine, m. p. 227°. 


Steinkopf, to whose work reference has been made (loc. cit.), 
obtained, by the action of phosphorus pentachloride on halogen- 
substituted acetamides, phosphorus derivatives containing the 
grouping *CCl°N-POCI,, but tacitly assumes that the production of 
such derivatives * is due to the influence of the halogen atoms in the 
substituted amides, and incidentally notes that benzamide and 
phosphorus peatachloride yield benzonitrile, apparently on Wallach’s 
authority, which, however, is not justified. Having regard to the 
observations of Wallach, Steinkopf, and the authors, it would appear 
that the production of phosphorus derivatives may be expected with 
all primary amides; the simple derivatives containing the groups, 
‘CCl,,NH, and -CCl:NH may only be expected when catalytic 
influences are excluded, but the separation of such unstable derivatives 
from the accompanying phosphoryl chloride is usually impossible. 


EXPERIMENTAL. 
Action of Phosphorus Pentachloride on Benzamide, without Solvent. 


1. Aé 8°.—An intimate mixture of very finely powdered benzamide 
(1‘5 gram) and phosphorus pentachloride (2°6 grams) contained in a 
small tube, provided with a phosphoric oxide trap and delivery tube, 


* Steinkopf regards these compounds as phosphorous derivatives, his system of 
nomenclature, which is quite different from that adopted by the authors, having 
been devised to distinguish the constitution of such compounds from true phosphoric 
derivatives containing the grouping *O"PO<.. Thus, he calls CCl,*CCl:N*POCI,, 
“trichloracetimid chlorid phosphorigsiiure dichlorid,” and CCl,*CO*NH*POCI,, 
“trichloracetamid phosphorigsiéure dichlorid.” As, however, all these compounds 
and those of the authors, on hydrolysis, yield phosphoric acid and not phosphorous 
acid, the authors prefer to regard them as phosphamic derivatives. 
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was kept at 8° and the hydrogen chloride evolved was collected 
in water. In three hours action had ceased and a pale yellow 
liquid resulted. The hydrogen chloride absorbed by the water 
was titrated with alkali, and, after correcting for the volume of the 
apparatus, was found to be 0°38 gram (1 mol. =0°45 gram HCl), 
The pale yellow liquid was apparently stable at 0°, and did not 
solidify at —22°. On exposure to atmospheric moisture it yielded a 
syrup consisting chiefly of benzonitrile and phosphoric acid, which 
were also formed on treatment with water; benzoylphosphamic 
chloride was not produced in appreciable quantity. Above 15° the 
liquid obtained at 8° steadily decomposed, evolving hydrogen chloride, 
and at 50° the decomposition was complete in five minutes. The 
hydrogen chloride evolved weighed 0°4125 gram (1 mol. =0°45 gram 
HCl). The liquid remaining after heating at 50° was found to con- 
sist essentially of benzonitrile and phosphoryl! chloride. In another ex- 
periment, using larger quantities, the liquid obtained at 8° was cooled 
to 0° and treated with light petroleum, which precipitated an almost 
colourless oil ; this oil was washed at 0° by shaking repeatedly with 
small quantities of light petroleum in which, however, it was 
appreciably soluble. The washings contained phosphoryl chloride in 
quantity, which was shown by analysis after decomposition by water. 
The oil precipitated by the petroleum was not a pure substance and 
contained phosphorus, although in relatively small quantity, and the 
yield of the oil was small. A portion, after being kept in a vacuum 
for a, short time, was analysed volumetrically by decomposing with 
water and titrating with sodium carbonate (using methyl-orange) and 
silver nitrate. 


1813 required 19° c.c. N-Na,CO, and 168°5 cc. V/10 AgNO, 
P=46; Cl=32°9. 


Assuming the phosphorus derivative (phosphoryl chloride, which is 
miscible with light petroleum, being excluded) to be (a) 
C,H,*CCl,-NH:*POCI,, 
or (b) C,H,*CCl°N-POCI,, from the above values it is possible to 
calculate the net amount of chlorine in the remaining substance. 
This gives (a) Cl= 21-02 or (6) Cl= 27:2 per cent. 


C,H,°CCl-NH requires Cl= 25-44 per cent. 


Owing to the extremely easy decomposability of the substance, and 
the readiness with which benzonitrile is produced, on attempted 
purification no more satisfactory data than the above could be 
obtained. Besides benzonitrile and benzoylphosphamic acid, the oil 
gave on treatment with water a small quantity of a phosphorous 
acid derivative yielding dibenzamide on hydrolysis, which separated in 
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needles (m. p. 148°) on heating the aqueous solution at 100° for 
about two hours. 

9, At 15°.—The action between benzamide and phosphorus penta- 
chloride was found to be very much more rapid at 15° than 8°, and 
only required from thirty to forty minutes for completion. 

1:5 benzamide gave 0510 HCl (1 mol. =0°45 HCl). 

The resulting pale yellow liquid neither solidified on cooling nor 
yielded crystals of benzoylphosphamic chloride on exposure to 
atmospheric moisture, even after previous admixture with benzene, or 
heating to 50°. In all its properties it was similar to the liquid 
obtained at 8°, although it probably contained relatively less a-chloro- 
benzimide, since at 15° hydrogen chloride was slowly but continuously 
disengaged. 

3. At 50°.—In the action between benzamide and phosphorus 
pentachloride at 50° which was very vigorous, the hydrogen chloride 
amounted to 2 mols. and the action was complete in twelve minutes. 
The resulting pale yellow liquid was found to vary in composition and 
on cooling to — 20° sometimes set to an almost solid crystalline mass ; 
in most cases it became viscous without solidifying. In all cases ob- 
served there appeared to be a considerable quantity of benzonitrile 
and phosphoryl! chloride formed, but the main product was a-chloro- 
benzylidenephosphamic chloride. Attempts were made to isolate the 
latter in a pure condition by treatment with light petroleum at a low 
temperature but it was found impossible to remove the accompanying 
substances in this way. On exposure to air it rapidly absorbs moisture 
forming benzoylphosphamic chloride (m. p. 110°, see p. 1151) whilst on 
treatment with water it is instantly decomposed, yielding this compound 
as an insoluble white crystalline solid and benzoylphosphamic acid 
which is found in the aqueous solution. The variation in the com- 
position of the liquid obtained in the reaction 50° was readily 
followed by noting the relative amounts of benzoylphosphamic 
chloride and benzonitrile obtained after exposure to air, the yield 
of phosphamic chloride being smaller the greater the lapse of time 
between mixing the benzamide and phosphorus pentachloride, and 
raising the temperature to 50°. In no case was the quantitative 
yield of the phosphamic chloride obtained. 


Action of Phosphorus Pentachloride on Benzamide in Presence of w 
Solvent. 


a-Chlorobenzylidenephosphamic Chloride, C,H,,*CCl:N*POCI,. 


1. Using Chloroform.—A vigorous action took place in the cold 
with evolution of hydrogen chloride, and the resulting chloroform 


solution on exposure deposited a large amount of benzoylphosphamic 
4¥ 2 
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chloride in colourless plates, together with a relatively small quantity 
of a syrup consisting of benzonitrile and phosphoric acid. The 
hydrogen chloride evolved in the action in the cold was not measured, 
owing to its moderate solubility in chloroform. At 60° it amounted 
to 75 per cent. of the theoretical quantity for two molecules, and 2-7 
grams of benzoylphosphamic chloride were obtained from 3 grams of 
benzamide. Several attempts were made to obtain pure a-chloro. 
benzylidenephosphamic chloride, using the chloroform method by 
modifying the conditions, but in all cases some benzonitrile and 
phosphoryl chloride were formed. 

By using a small quantity of chloroform in the reaction at 50°, 
and subsequently heating in a vacuum at 60°, an oil was obtained 
consisting chiefly of a-chlorobenzylidenephosphamic chloride, but 
containing some benzonitrile : 

2-382 required 29°59 c.c. W-Na,CO, and 225°5 c.c. W/10-AgNO,, 

Ratio, P: Cl=1:3°2; P=9'1; Cl=34°6. 

These figures correspond with a mixture of 84 per cent. of 
a-chlorobenzylidenephosphamic chloride and 16 per cent. of benzo- 
nitrile. 

In another experiment a purer product was obtained by using only 
a trace of chloroform at 50°, and proceeding as before. The benzonitrile 
it contained was determined and corrected for: 

2-3538 gave 0°159 C,H,-CN and 08830 Mg,P,0,. 

2°3538 required 235°0 c.c. V/10 AgNO,. 

P=11'24; Cl=38-01. (After correcting for C,H,°CN.) 

C,H;ONCI,P requires P=12°09 ; Cl=41°53 per cent. 

The low chlorine value is attributed to the loss of hydrogen 
chloride, due to moisture, which it is almost impossible to exclude 
during the treatment in a vacuum. 

2. Using Benzene.—-The same results were obtained as with chloro- 
form, and the method employed was similar : 

3°0 benzamide gave (1) 1:°022 HCl at 15°, and (2) 1°60 HCl at 50°. 

(1) 1 mol. HCl1=0°92, and (2) 2 mols. HC] = 1°84, 

By carrying out the reaction at 50° in presence of a small quantity 
of benzene, an oil was obtained after heating at 60° in a vacuum, 
which on analysis was found to contain 90 per cent. of a-chloro- 
benzylidenephosphamic chloride. In the reaction at 15° from 3:4 
grams of benzamide, 4 grams of benzoylphosphamic chloride were 
obtained by exposure to moist air immediately the reaction was over ; 
by previously keeping for twenty-four hours at 15°, however, the yield 
of benzoylphosphamic chloride was very much diminished, and a 
correspondingly large amount of benzonitrile was obtained. It would 
seem, therefore, that the first product of the reaction, aa-dichloro- 
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benzylphosphamic chloride, slowly decomposes in benzene solution 
at the ordinary temperature into benzonitrile and phosphory! chloride. 


Benzoylphosphamic Chloride, C,H,*CO-NH:*POCI,. 


An intimate mixture of 24°2 grams of finely-powdered benzamide 
and 41°8 grams of phosphorus pentachloride was rapidly treated with 
100 grams of pure benzene, and the mixture immediately heated in a 
bath at 50°. After twenty minutes the action, which was very 
vigorous, was complete, and the liquid was exposed to air in a shallow 
dish for twelve hours. Masses of large, colourless crystals continually 
separated as moisture was absorbed, and finally a practically dry solid 
was left. The crystals were quickly washed with cold water and dried 
at room-temperature on porous porcelain. They melted at 110°, and 
weighed 43°5 grams (theory requires 47°6 grams). The substance was 
quite pure. Prepared by a similar method to the above, using chloro- 
form instead of benzene, a smaller yield was obtained : 

03138 required 38:2 c.c. V/10-Na,CO, and 26:0 c.c. V/10-AgNO,. 

Ratio, P: Cl=1 : 2°1; Cl= 29°42. 
04654 required 58-0 c.c. V/10-Na,CO, and 38°5 c.c. V/10-AgNO,. 
Ratio, P: Cl=1:1:97; Cl=29°56. 
0°6324 gave 0°2894 Mg,P,O, ; P=12°77. 

1:1098, by Kjeldahl’s method, required 47°6 c.c. V/10.HCl; N=6°00. 

C,H,O,NCI,P requires P= 13-02 ; Cl=29°8 ; N=5°88 per cent. 

Benzoylphosphamic chloride crystallises in colourless plates melting 
at 115° when pure and rapidly heated, but usually at 110° owing to 
decomposition, which begins even below 100°. When heated at 120°, 
hydrogen chloride is rapidly evolved, the decomposition is complete in 
fifteen minutes, and the liquid separates into two layers, the upper 
consisting of benzonitrile and phosphoryl] chloride, the lower of phos- 
phoric acid. Owing to its easy decomposition, benzoylphosphamic 
chloride could not be satisfactorily recrystallised from hot solvents. 
It is practically insoluble in cold benzene or light petroleum, sparingly 
soluble in hot benzene, cold alcohol, ether, or chloroform, and mode- 
rately so in acetone ; the solutions readily decompose in presence of 
moisture with formation of benzoylphosphamic acid. A_ similar 
decomposition occurs slowly with the pure dry substance, which on 
this account cannot be kept long in ordinary moist air. On the other 
hand, treatment with cold water has no appreciable action on the 
substance, which is insoluble, but when boiled in water it is rapidly 
and completely decomposed into hydrochloric and phosphoric acids 
and benzamide, which crystallises out on cooling. 

Benzoylphosphamic chloride is immediately decomposed in the cold 
by alkalis, even by aqueous sodium hydrogen carbonate (with efferves- 
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cence) and sodium acetate, yielding a salt of benzoylphosphamic acid ; 
when treated with sodium hydroxide, three molecular equivalents of 
the latter are required for neutralisation, using methyl-orange, and 
four using phenolphthalein as indicators. 

By treatment with aniline it yields different derivatives, according 
to conditions, 


Phenyliminophosphorylbenzamide, C,H,-CO*-NH*PO:NPh — 
C,H,-C(OH):N-PO:NPh. 


Five grams of benzoylphosphamic chloride, suspended in 30 c.c. of 
water, were treated with 8 grams of aniline, and the mixture was well 
triturated. The thin, oily emulsion first formed rapidly hardened, 
and in a few minutes voluminous white masses of a granular solid 
separated. After thirty minutes the whole was stirred with dilute 
hydrochloric acid, and the insoluble portion was collected and 
crystallised from alcohol. The pure substance separated in 
colourless, silky needles, melting at 226°, and weighed 5:4 grams 
(yield theoretical) : 
0°4944, by Kjeldahl’s method, required 37:1 ¢.c. W/10-HCl. N = 10°55, 
0°4368 ,, ” - * 33°7 c.c. NV/10-HCl. N=10°82, 

03458 gave 0°1580 Mg,P,0,. P=12°55. 

C,,H,,O.N,P requires N= 10°85 ; P=12:01 per cent. 

Phenyliminophosphorylbenzamide is sparingly soluble in alcohol, 
ether, benzene or carbon tetrachloride and moderately so in acetone, 
chloroform or methyl alcohol. It is insoluble in aqueous sodium 
carbonate, but completely soluble in dilute sodium hydroxide and is 
reprecipitated by acids from the alkaline solution, in a gelatinous 
form melting at about 226°. This behaviour with alkali is similar to 
that of dibenzamide and indicates a similarity between the groups 
*CO-NHPO: and -CO-NH:CO. Like dibenzamide also, the compound 
is soluble in an excess of concentrated ammonia, although it is not 
changed on heating with this solvent. The tautomeric form, 
corresponding with the salts to which the compound gives rise must be 
regarded as C,H,-C(OH):N-PO:NPh and not -the alternative form 
C,H,-CO-N:P(OH):NPh, which should represent an acid soluble in 
sodium carbonate. 


Benzoylaminoanilinophosphoryl Chloride, C,H,*CO*-NH-POCI-NHPh. 


4°8 Grams of benz»ylphosphamic chloride suspended in 50 c.c. of 
absolute ether were treated with 7 grams of pure aniline and the 
mixture was shaken and kept for twelve hours. A large quantity of 
white solid matter was deposited ; this was washed with ether, and 
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treated as described below. The ethereal filtrate on evaporation left 
a white solid consisting of a mixture of phenyliminophosphoryl- 
benzamide and an unstable substance, which were separated by 
digestion with 1 per cent. sodium hydroxide, in which the former is 
immediately, and the latter only slowly, soluble. By quickly washing 
and drying on porous porcelain it was obtained in an approximately 
pure state, but by crystallisation from alcohol or other solvents it was 
converted into phenyliminophosphorylbenzamide (m. p. 226°). As an 
analysis of the unpurified substance gave N = 12°27 it probably con- 
sisted of the dianilino-derivative, C,H,-CO-NH-PO(NHPh), (N = 11-96 
per cent.), but this could not be verified. 

The insoluble solid obtained above in the action of aniline on 
benz»ylphosphamic chloride was washed with water to remove 
aniline hydrochloride, and the residue, weighing 4*1 grams, consisting 
of nearly pure benzoylaminoanilinophosphory! chloride was crystal- 
lised from alcohol, from which it separated in fine, silky needles 
nelting at 176°. 

01298 gave 11-4 c.c. N, (moist) at 24° and 747 mm. ; N=9°66. 

02682 ,, 01282 AgCl; Cl=11°83. 

C,3H,,0,N,CIP requires N=9°51 ; Cl=12°05 per cent. 

The chloro-derivative is moderately soluble in methyl or ethyl 
alcohol or acetone, and sparingly so in ether, benzene or chloroform. 
With aniline it reacts at once giving phenyliminophosphorylbenzamide, 
and it dissolves readily and decomposes in sodium hydroxide. The 
alkaline solution on acidifying deposits, after a few minutes, fine, 
colourless needles, appreciably soluble in cold water. The substance, 
which melts at 162°, does not contain chlorine, and as it is soluble with 
effervescence in sodium hydrogen carbonate it probably consists of the 
acid, C,H,-CO-NH-PO(NHPh)OH, but it was not obtained in 
sufficient quantity for analysis. 


Benzoylphosphamic Acid, C,H,*CO*-NH-PO(OH),. 


This acid was prepared by dissolving benzoylphosphamic chloride in 
pure acetone, adding the calculated amount of water and allowing the 
solution to evaporate. Transparent crusts of crystals slowly 
separated consisting of the nearly pure acid, the yield being almost 
theoretical. After crystallisation from methyl alcohol containing 
benzene it melted at 157—158°. 

04572 gave 0:2582 Mg,P,O, ; P=15-69. 
0:3933 by Kjeldahl’s method required 20°3 c.c. ; V/10-HCl ; N=7°23. 
C,H,O,NP requires P= 15-43 ; N =6°96 per cent. 

Benzoylphosphamic acid is readily soluble in water, methyl or ethyl 

alcohol, sparingly so in acetone, and insoluble in benzene, ether, 
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chloroform, or ethyl acetate. On boiling with water for a few 
minutes it is completely decomposed into benzamide and phosphoric 
acid. A neutral solution of the ammonium salt gives a nearly white 
precipitate with ferric chloride and voluminous, white precipitates 
with silver nitrate, barium chloride and calcium chloride but no 
precipitate with magnesia mixture. The free acid, like phosphoric 
acid, requires one molecular equivalent of sodium hydroxide for 
neutralisation, using methyl-orange as indicator, and two using phenol- 
phthalein. 


Phenyliminophosphorylphenylbenzamidine, C,H,*C(N HPh):N-PO:NPh, 


When aniline was allowed to act on a-chlorobenzylidenephosphamic 
chloride in benzene solution for twenty-four hours and the clear 
filtrate from the aniline hydrochloride was left exposed to air a 
mixture was gradually deposited consisting of phenyliminophos- 
phorylbenzamide (m. p. 226°) and phenyliminophosphorylphenyl- 
benzamidine (m. p. 227°) which were readily separated by treatment 
with dilute sodium hydroxide, the compound melting at 227° being 
insoluble. A better yield of the latter was obtained by allowing the 
aniline to act for a longer time. 

A mixture of 9 grams of benzamide, 15°5 grams of phosphorus 
pentachloride, and 20 grams of pure benzene was rapidly placed in a 
bath at 50°, and kept at this temperature for forty minutes until 
action had ceased. The resulting solution of a-chlorobenzylidene- 
phosphamic chloride was cooled to 0° and treated gradually with 50 
grams of pure aniline and kept for forty-eight hours, The insoluble 
aniline hydrochloride was collected and the filtrate left in an open 
dish for twelve hours. A white solid (50 grams) was deposited which 
was collected and washed with benzene, This solid was a mixture 
and contained chlorine ; on keeping its alcoholic solution phenylimino- 
phosphorylphenylbenzamidine (13 grams) was deposited as a white, 
microcrystalline powder. On recrystallisation from boiling alcohol, in 
which it is not very soluble, it was obtained in fine needles melting at 
227—228° : 

0°2531 gave 0:0872 Mg,P,O,, and required 22°4 ec, V/10-HCI; 

P=9°62 ; N=12°39. 
C,,H,,ON,P requires P= 9°31 ; N=12°61 per cent, 

The compound is sparingly soluble in methyl or ethyl alcohol or 
chloroform and practically insoluble in ether, benzene, or carbon 
tetrachloride. It is moderately soluble in acetone, and separates as 
a mealy powder on adding a small quantity of water to the hot solution, 
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OXXX.—The Action of Nitric Acid on the Ethers of 
Aromatic Hydroxyaldehydes. 
By Artuur Henry Satway. 


Ix the course of some experiments on the synthesis of substances 
allied to cotarnine, the author had occasion to prepare a compound of 
the formula (I), and an attempt was made to achieve this object by 


/\oHo 0’ \cHO 
CH<o( INO CH< 
“a. ed 
OMe OMe 
(I.) (II.) 


the action of nitric acid on myristicinaldehyde (Il). The yield of the 
desired nitroaldehyde was comparatively small, the principal product 
of the reaction being a neutral nitro-compound, which did not contain an 
aldehyde group, and was found to consist of a nitromethoxymethylene- 
dioxybenzene. The formation of the latter compound from myristicin- 
aldehyde is evidently due to the elimination of the aldehyde group and 
the introduction of a nitro-group into the nucleus. 

It will be seen that the orientation of the nitro-group in this nitro- 
methoxymethylenedioxy benzene is essential for the correct interpreta- 
tion of the manner in which the aldehyde group is eliminated. Thus 
it might be supposed, on the one hand, that the aldehyde group under- 
goes direct substitution by a nitro-group, in which case the constitu- 
tion of the resulting nitro-compound would be represented by formula 
(III); on the other hand, it is conceivable that the myristicinaldehyde 
primarily undergoes nitration with the formation of nitromyristicin- 
aldehyde, which, by oxidation to the corresponding nitrocarboxylic 
acid and subsequent liberation of carbon dioxide, becomes converted 
into a nitromethoxymethylenedioxybenzene. In this case the con- 
stitation of the latter would be represented by (1V) or (V). 

The formation of nitromyristicinaldehyde as one of the products of 
the nitration of myristicinaldehyde lends some degree of probability 
to the latter view. However, on further oxidising nitromyristicin- 
aldehyde, the only product was the stable nitromyristicinic acid, and 
there was no evidence of the formation of nitromethoxymethylene- 
dioxybenzene. It appeared, therefore, improbable that this compound 
owes its formation to the intermediate production of nitromyristicin- 
aldehyde according to (IV) or (V), and it was subsequently proved 
beyond question by the following series of reactions that nitromethoxy- 
methylenedioxybenzene is produced by the direct substitution of the 
aldehyde group according to (III). 
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Myristicinaldehyde was converted, on the one hand, by means of nitrie 
acid into nitromethoxymethylenedioxybenzene—the constitution of 
which was to be determined—and the latter reduced to the correspond- 
ing amino-derivative ; on the other hand, myristicinaldehyde was 
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(V.) 
oxidised to myristicinic acid, which, after successive transformation 
into the chloride and amide, was finally converted into 5-amino-l- 
methoxy-2 : 3-methylenedioxybenzene, the constitution of which follows 
from that of myristicinaldehyde. The amines obtained in these 
two series of reactions were identical and gave identical derivatives : 
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It next seemed of interest to ascertain whether the displacement of 
the aldehyde group by a nitro-group is a reaction common to the alkyl 
ethers of aromatic hydroxyal ‘ehydes. Piperonal (Fittig and Remsen, 
Annalen, 1871, 159, 34), vanillin methyl ether (Pschorr and 
Sumuleanu, Ber., 1899, 32, 3405), and anisaldehyde (Einhorn and 
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Grabfield, Annalen, 1888, 243, 370) have already been subjected by 
the above-mentioned investigators to the action of concentrated nitric 
acid; in each case the corresponding nitroaldehydes were obtained, 
but the formation of nitroalkyloxybenzenes was not observed. On 
repeating these experiments it was found, however, that both piperonal 
and vanillin methyl ether exhibit the same behaviour towards nitric 
acid as myristicinaldehyde, that is to say, part of the aldehyde is 
directly nitrated, whilst the remainder undergoes nitration with 
elimination of the aldehydic group. Thus piperonal is converted by 
nitric acid at 0° into a mixture of nitropiperonal and 4-nitro-] : 2- 
methylenedioxy benzene : 
on <Of YH na cH, )S%, 
‘eo \F 

the separation of which was easily effected by means of sodium 
hydrogen sulphite. Vanillin methyl ether, under similar conditions 
yielded a mixture of nitrovanillin methyl ether and 4-nitroveratrole : 


MeO/ ‘CHO ug Me0/ NNO, 
a, — / , 
Anisaldehyde, on the other hand, was converted into nitroanisaldehyde, 


NO, 
Meo’ CHO, without the formation of any p-nitroanisole. 


* 


The results of the above experiments on the nitration of the alkyl 
ethers of aromatic hydroxyaldehydes also serve to elucidate the 
hitherto unexplained observations of Ginsberg (Ber., 1888, 21, 108) 
respecting the action of nitric acid on apiolaldehyde. In this case a 
nitro-compound melting at 116° was obtained, to which no formula 
could be assigned. With consideration of the analytical data 
recorded by Ginsberg in connexion with this nitro-compound and its 
derivatives, it is now evident that the substance melting at 116° is 
dinitroapione, and that it was formed from apiolaldehyde by removal 
of the aldehyde group with simultaneous nitration:: 


OMe OMe 
rs A ae ee 

a4 ye in 

OMe OMe 


It is worthy of note that with the accumulation of alkyloxy-groups 
the elimination of the aldehyde group on nitration takes place with 
greater readiness, and that the formation of the nitroalkyloxy- 
benzaldehyde is inhibited in a corresponding degree. Thus the 
formation of 5-nitro-l-methoxy-2:3-methylenedioxybenzene from 
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myristicinaldehyde takes place to the extent of 60°6 per cent, 
Piperonal, on the other hand, yields only 30 per cent. of 4-nitro-1 :2 
methylenedioxybenzene, whilst with anisaldehyde substitution of the 
aldehydic group does not occur. 

Although the direct displacement of the aldehydic group of the 
ethers of aromatic hydroxyaldehydes by the nitro-group has not 
hitherto been observed, an analogous transformation, in which the 
carboxyl group of the corresponding ethers of aromatic hydroxy-acids 
is eliminated with simultaneous nitration, has long been on record, 
Thus Jobst and Hesse (Annalen, 1879, 199, 70) have shown that 
when piperonylic acid is acted on by concentrated nitric acid, it is 
converted into a mixture of 4-nitro-1 :2-methylenedioxybenzene and 
nitropiperonylic acid : 


. ff 
cH,<0/ OH —> CH,< No, 2 and CH. <Of 00. 
\% \4 
A similar reaction has been observed by Tiemann (Ber., 1876, 9, 
936) in the case of veratric acid, which yields on nitration 4-nitro- 
veratrole and nitroveratric acid: 


Me0/ Sco, H ; Meo’ NNO, id Meo/ YCO,H 


| <a 
aa’ wy MeO. Wr 
Furthermore, Weselsky and Benedikt (Ber., 1892, 25, 722) have 
shown that the triethyl ether of gallic acid is almost quantitatively 
converted by nitric acid into 5-nitropyrogallol triethyl ether : 


Kt0/ YCO,H o EO” No, 

| 7 EtO. /} 

ae 

OEt 
In addition to these observations, the present author has investigated 
the action of nitric acid on myristicinic acid, and has found that a 
similar reaction ensues with the formation of a mixture of 5-nitro-1- 

sophia : a tec pee and nitromyristicinic ac d :* 


A\n 07% 
CH SC por 7 NO, nd CH Ka a 
be i Se 
XS OMe OMe 


Of the two possible formula for nitromyristicinic acid, namely : 
DN 
cH.<O/ 20 Ht and «6 CH,<? ¥ \CO.H 
" \ JNO, O 

\ &, 

OMe Vite 
the former has been adopted throughout this communication, and the same applies 
in the case of nitromyristicinaldehyde, 
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In consideration of the fact that the ethers of aromatic hydroxy- 
aldehydes, under the influence of nitric acid, show the same transforma- 
tion as the corresponding carboxylic acids, it might at first be 
supposed that the reaction in the case of the former depended 
primarily on their oxidation to the latter. That this view, however, 
is untenable is evident from the following considerations based on 
experiments with myristicinaldehyde and myristicinic acid. When 
myristicinic acid is acted on by nitric acid in the cold, the chief 
product is 5-nitro-l-methoxy-2 : 3-methylenedioxybenzene, but some 
nitromyristicinic acid is always formed. If, therefore, myristicinic 
acid is an intermediate product in the action of nitric acid on 
myristicinaldehyde, nitromyristicinic acid would be formed in this 
reaction. As a matter of fact, however, no acid whatsoever is 
produced. For this reason it would seem that the carbonyl group, 
which is common to both series of compounds, is alone responsible for 
the reaction, and that any explanation of the mechanism of the 
transformation must be sought for in the action of nitric acid on this 
group. Although there is at present no direct evidence on which the 
mechanism of the reaction may be based, the following explanation 
may be suggested. In the first place it is conceivable that the 
carbonyl of the aldehyde group forms with nitric acid an additive 
product (I), which subsequently undergoes a change analogous to the 
Beckmann transformation. The resulting substance (II) is, however, 
unstable, and decomposes, as indicated by the dotted line below, with 
the formation of a substituted nitrobenzene and formic acid, the latter 
in the presence of nitric acid being oxidised to carbon dioxide. 


EXPERIMENTAL, 
Action of Concentrated Nitric Acid on Myristicinaldehyde. 


One part of finely divided myristicinaldehyde was added in small 
quantities at a time to 7 parts of nitric acid (sp. gr. 1°42) at 0°. The 
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myristicinaldehyde gradualiy passed into solution, and after a short 
time carbon dioxide was slowly evolved. The mixture was kept at () 
for an hour, then poured into ice-water, and the yellow precipitate 
collected and washed free from nitric acid. It was then shaken with 
an excess of aqueous sodium hydrogen sulphite, by means of which a 
separation into a soluble and an insoluble portion was effected. The 
soluble portion was reprecipitated by adding dilute aqueous sodium 
hydroxide, collected, and washed. The yield of this substance amounted 
to 39°4 per cent. of the myristicinaldehyde employed. It was 
crystallised from alcohol, and was obtained in well-formed, prismatic 
needles, melting at 131—132° : 

0°1134 gave 0°2000 CO, and 0°0360 H,O. C=48:1; H=3°'5. 

C,H,O,N requires C= 48°0; H=3:1 per cent. 
The analysis and chemical behaviour of this compound show that it 
is a mononitro-derivative of myristicinaldehyde. 
a 
Nitromyristicinaldehyde, on,<of Como. is easily soluble in the 
‘Oo. JNO, 
wes 
OMe 
usual organic solvents with the exception of light petroleum. It is 
readily soluble in aqueous sodium hydrogen sulphite, giving a deep 
yellow solution. When freshly crystallised from alcohol it is prac- 
tically colourless, but on exposure to light quickly becomes deep 
yellow. When oxidised with alkaline permanganate it is converted 
into nitromyristicinic acid, which melts and decomposes at 245°, 
and is identical with the acid obtained by the nitration of myristicinic 
acid (p. 1165). 

The portion of the product of the action of nitric acid on myristicin- 
aldehyde which was insoluble in sodium hydrogen sulphite amounted 
to 60°6 per cent. of the aldehyde employed. It was purified by 
crystallisation from alcohol, from which it separated in long, almost 
colourless needles, melting at 143—144°: 


0°1386 gave 0°2481 CO, and 00481 H,O. C=48-8; H=3°9. 
02928 , 17:5 c.c. N, at 20° and 766 mm.. N=6:9. 
C,H.O,N requires C=48°7 ; H=3°6; N=7'1 per cent. 


It is evident that the formation of a compound, C,H,O,N, from 
myristicinaldehyde could only be brought about by the elimination of 
the aldehydic group and simultaneous introduction of a nitro-group 
into the molecule. The substance melting at 143—144° must be, 
therefore, a nitromethoxymethylenedioxybenzene. As explained in 
the introduction, of the three possible nitro-1-methoxy-2 : 3-methylene- 
dioxybenzenes, the present one must contain the nitro-group in the 


5-position. 


& short 
Dt at 0 
Cipitate 
en with 
yhich a 

The 
sodium 
Ounted 
t was 
smatic 


hat it 


1 the 


[t is 
leep 
rac- 
eep 
‘ted 
15°, 
hic 


ETHERS OF AROMATIC HYDROXYALDEHYDES. 1161 


= <7 NO, 


Ow, 
OMe 


readily soluble in alcohol, ethyl acetate, or lenzene, from each of 
which it crystallises in long, almost colourless needles. It may 
readily be sublimed when heated above its melting point. When 
warmed with alcoholic potash it is hydrolysed to the corresponding 
nitrophenol, 5-nitro-1-hydroay-2 : 3-methylenedioxybenzene, which crys- 
tallises from water in yellow, silky needles melting at 94°, and is 
soluble in alkalis with a deep red colour. In determining the con- 
stitution of 5-nitro-l1-methoxy-2: 3-methylenedioxybenzene it was 
necessary, as already explained, to prepare successively myristicinoyl 
chloride, myristicinamide, and 5-amino-l-methoxy-2 : 3-methylene- 
dioxybenzene. Since these substances have not hitherto been 
described, the method of preparation, together with their characteristic 
properties, may briefly be indicated. 


5-Nitro-l-methoxy-2 : 3-methylenedioxybenzene, is 


Myristicinoyl Chloride, on,<of OCs mixture of myristi- 
OMe 
cinic acid (1 mol.) and phosphorus pentachloride (1 mol.) was heated 
for a short time at 100°. After removal of the phosphoryl chloride, 
the product was purified by distillation under diminished pressure. 
Myristicinoyl chloride distils at 189—190°/20 mm. as a colourless oil, 
which rapidly solidifies, and crystallises from a mixture of benzene and 
light petroleum in long, thin, colourless needles melting at 105°: 

03236 gave 0°2200 AgCl. Cl=16°8. 

C,H,0,Cl requires Cl = 16°6 per cent. 
Myristicinamide, CH.<O con H; To a solution of myristi- 
OMe 

cinoyl chloride in benzene an excess of concentrated ammonia was 
added, and the mixture vigorously shaken. ‘The precipitated amide 
was collected, and recrystallised from hot water, in which it*is only 
moderately soluble. It separated in long, thin needles, which con- 
tain one molecule of water of crystallisation, and melts at 184°. It 
is readily soluble in hot alcohol, from which it is deposited in clusters 
of feathery needles : 

0°7164 lost, at 105°, 0°0631 H,O. H,O=8°8 

01485 gave 0°3028 CO, and 0:0660 H,O. C=55°6; H=4°9. 
C,H,0O,N,H,O requires H,O = 8°95 per cent. 
C,H,0,N requires C=55°4 ; H=4°6 per cent. 
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\ 
5-Amino-1-methoxy-2 : 3-methylenedionybenzene, cH. <U| NH 


OMe 


(a) Preparation from Myristicinamide.—Finely powdered myristi- 
cinamide was shaken continuously for several hours with the 
theoretical quantity of a freshly-prepared solution of sodium hypo- 
chlorite (compare Graebe, Ber., 1902, 35, 2753), and the mixture 
finally heated at 100° for a short time. The product was then cooled 
and extracted with ether, when the ethereal solution, after evaporation, 
yielded an oily residue, which soon solidified. It was purified by 
crystallisation from water, from which it separated in colourless 
leaflets, melting at 85—86° : 

01076 gave 0°2263 CO, and 0°0553 H,O. C=57'4; H=5°7. 

C,H,O,N requires C=575; H=5-4. 

(6) Preparation from 5-Nitro-1-methoxy-2 : 3-methylenedionybenzene, 
—tTo 1 part of the finely divided nitro-compound 5 parts of stannous 
chloride in 15 parts of concentrated hydrochloric acid were added, 
and the mixture was gently warmed for one hour. A crystalline tin 
double salt of the amino-compound was formed, from which the tin 
was removed by means of hydrogen sulphide. The aqueous solution 
was then concentrated to a small bulk, rendered alkaline with sodium 
carbonate, and extracted with ether; the ethereal solution, after 
evaporation, left a residue which rapidly solidified and was crystal- 
lised from hot water, when it was deposited in colourless leaflets 
melting at 85—86°. When this substance was mixed with the 5-amino- 
1-methoxy-2 : 3-methylenedioxybenzene, prepared from myristicin- 
amide as above described, the melting point remained unchangeda 
Further confirmation of the identity of the two products was obtained 
by the preparation from each of the same benzoy] derivative, melting 
at 128—129°. 

5-Amino-1-methoxy-2 : 3-methylenedioxybenzene is readily soluble in 
benzene, ether, chloroform, ethyl acetate, or alcohol, but only 
sparingly soluble in light petroleum. It is best crystallised from hot 
water, but can also be crystallised from a mixture of benzene or 
alcohol and petroleum. Its hydrochloride crystallises’ from dilute 
alcohol in well-formed, colourless needles, which decompose at about 
245°. It yields a benzoyl derivative, which crystallises from alcohol in 
colourless rosettes of feathery needles melting at 128—129°: 

0°1136 gave 02770 CO, and 0°0506 H,O. C=665; H=4°9. 

C,;H,,0,N requires C= 66-4; H=4°'8 per cent. 
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Formation of 4-Nitro-1 : 2-methylenedioxybenzene by the Action of 


VH, Nitric Acid on Piperonal. 

; The action of nitric acid on piperonal was first investigated by 
Fittig and Remsen (Annalen, 1871, 159, 134), who isolated only 

Yristi- nitropiperonal from the product of the reaction. This experiment has 

h the been repeated in order to ascertain whether, in addition to the 

hypo- formation of nitropiperonal, any portion of the piperonal is con- 

ixture verted into 4-nitro-1 : 2-methylenedioxybenzene by elimination of the 

cooled aldehydic group : 

‘ation, 

ed by ou,<0/ )oHO sent ou,<0f YN, | 

urless , » a | 

For this purpose 5 grams of finely divided piperonal were added in | 

small quantities at a time to 50 c.c. of nitric acid (sp. gr. 1°41) at | 
0°. Each addition of piperonal immediately conglomerated to a solid 

wzene, cake, which was broken up by means of a glass rod. After all the 

‘nous piperonal had been added, the mixture was well shaken from time to 

Ided, time until complete solution was effected, for which about an hour | 

e tin was necessary. The mixture was then poured into ice-water, the | 

> tin yellow precipitate collected, washed free from nitric acid, and then 

ition shaken with a solution of sodium hydrogen sulphite. In this manner 

lium the product was separated into a soluble aldehydic portion and an 

ufter insoluble neutral portion. The soluble portion was reprecipitated by 

stal- adding alkali hydroxide, when it amounted to 3°6 grams, corre- 

flets sponding with a yield of 70 per cent. When crystallised from a 

ino- mixture of alcohol and ethyl acetate, it was obtained in stout, yellow 

cin- needles melting at 98°. This was identical with the nitropiperonal 

eda (m. p. 95°5°) described by Fittigand Remsen (/oc. cit.). The portion in- | 

ned soluble in sodium hydrogen sulphite amounted to 1°5 grams, representing | 

jing ayield of 30 per cent. When crystallised from hot alcohol it separated | 
in long, yellow needles melting at 145°, and this melting point was 

» in not changed on recrystallisation : 

nly 0:2241 gave 16'l cc. N, at 16°5° and 767 mm.. N=8°5. 

hot “ C,H,;0,N requires N = 8°4 per cent. 


This substance is therefore identical with the 4-nitro-1 : 2-methylene- 
dioxybenzene (m. p. 148°) described by Jobst and Hesse (Annalen, 
1879, 199, 70). 


Formation of 4-Nitroveratrole by the Action of Nitric Acid on 
Vanillin Methyl Ether. 


Five grams of vanillin methyl ether were gradually added to 50 c.c, 
of nitric acid (sp. gr. 1°41) at 0° After one hour the mixture was 
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poured into cold water, the voluminous, yellow precipitate collected, 
washed with water, and shaken with a solution of sodium hydrogen 
sulphite. The soluble substance amounted to 94 per cent. of the 
aldehyde employed. When crystallised from alcohol it separated in 
yellow needles melting at 134°, and was identical with the nitro- 
vanillin methyl ether of Pschorr and Sumuleanu (Ber., 1899, 32, 
3405). The portion insoluble in sodium hydrogen sulphite amounted 
to 6 per cent. of the weight of the aldehyde employed. It crystallised 
from alcohol in stout, deep yellow needles, melting at 96°: 

0°2548 gave 16:7 c.c. N, at 17° and 759 mm. N=7°6. 

C,H,O,N requires N =7°7 per cent. 

This substance is evidently 4-nitroveratrole (Tiemann, Ber., 1876, 
9, 939; 1878, 11, 131), and its formation is due to the direct 
displacement of the aldehydic group of vanillin methyl ether by a 
nitro-group : 

Meo” \CHO Meo’ 


MeO. ) 7 Meo F. 


Action of Nitric Acid on Anisaldehyde. 


NO, 


When anisaldehyde is treated with nitric acid at 0° under the same 
conditions as those described in connexion with the nitration of 
myristicinaldehyde, piperonal, etc., it first dissolves, and then imme- 
diately crystallises unchanged in long, colourless needles, which are 
only slowly attacked by the nitric acid. At the ordinary tempera- 
ture, however, nitration takes place with greater readiness. The 
reaction was therefore conducted as follows: 5 grams of anisaldehyde 
were added, drop by drop, to 50 c.c. of concentrated nitric acid (sp. gr. 
1°41) at the ordinary temperature ; after about four hours, water was 
added, and the precipitated oil extracted with ether, The ethereal 
solution was first shaken with aqueous sodium hydrogen sulphite until 
free from aldehyde, then with dilute sodium carbonate, which removed 
a small quantity of anisic acid, and finally washed with a little water. 
After drying and removing the ether, no trace of p-nitroanisole was 
obtained. The aldehydic group of anisaldehyde is therefore not 
eliminated by the action of nitric acid in the cold. The portion of 
the product which had been extracted with sodium hydrogen sulphite 
was precipitated as a yellow solid by the addition of sodium hydroxide. 
This was collected, washed, and crystallised from alcohol, when long, 
colourless needles melting at 84° were obtained. It was identified as 

NO, 
mononitroanisaldehyde, Meo’ OHO, by conversion into its 


hydrazone melting at 132°: 
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0:0513 gave 0°1170 CO, and 00240 H,O. C=62:2; H=5:2. 
C,,H,,0,N, requires C=62°0; H=4'8 per cent. 

Einhorn and Grabfield (Annalen, 1888, 243, 370), who first pre- 
pared mononitroanisaldehyde, assign to it a melting point of 83°5°, 
whilst, according to Worner (Ber., 1896, 29, 157), it melts at 72°, and 
dinitroanisaldehyde at 86°. The above results confirm Einhorn and 
Grabfield’s observation, and indicate that the correct melting point of 
nitroanisaldehyde is 84°. 


The Action of Nitric Acid on Myristicinic Acid. 


Twenty grams of myristicinic acid were gradually stirred into 
300 c.c. of nitric acid (sp. gr. 1°41) at 0°. After a short time there 
was a vigorous evolution of carbon dioxide. The mixture was kept 
cold for an hour, then poured into ice-water, and the resulting pre- 
cipitate collected and washed. By shaking with an aqueous solution 
of sodium carbonate, the product of the reaction was separated into a 
neutral and an acidic portion. The neutral portion amounted to 11°5 
grams, corresponding to a yield of 57:5 per cent. It was crystal- 
lised from alcohol, when it was obtained in long needles melting at — 
143—144°, The substance was identical with the 5-nitro-1-methoxy- 
2:3-methylenedioxybenzene previously obtained by the nitration of 
myristicinaldehyde. The portion soluble in sodium carbonate was 
reprecipitated by the addition of dilute sulphuric acid, collected, and 
washed, when it amounted to 6°5 grams, representing a yield of 33:5 
per cent. On recrystallisation from glacial acetic acid, it was 
deposited in radiating clusters of light yellow needles, which melted 
and decomposed at about 245°: 

0:1667 gave 0:2746 CO, and 0:0450 H,O. C=449; H=3-0. 

02780 required 11:55 N/10-KOH for neutralisation. M.W. = 240°7 

C,H,0,N requires C=44°8 ; H=2°9 per cent. M.W.=241, 

This substance is evidently a mononitromyristicinic acid. 


A \ 
Nitromyristicinie acid, CH<Of JX22"", is readily soluble in 
— 


OMe 


alcohol, ethyl acetate, or glacial acetic acid, but only sparingly so in 
benzene, chloroform, or hot water. From the latter it crystallises 
in colourless, silky needles, which slowly become yellow on exposure 
to light, 
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CXXXI.—cycloButane-1: 3-dicarboaylic Acid and Some 


of its Derivatives. 
By Wiiu1aM Henry Perkin, jun., and Jonn Lionen Simonsen. 


It has long been known that substances containing the cyclopropane 
ring exhibit very remarkable differences in stability, especially 
towards hydrobromic acid. In some cases, for example in the case of 
cyclopropane-] : 1-dicarboxylic acid, the ring suffers disruption in 
contact with hydrobromic acid in the cold : 

CH, 
a CH,Br*CH,*CH(CO,H),, 


Ys 
CH,°C(CO,H), 
whereas cyclopropane-| : 2-dicarboxylic acid, 


CH-CO,H 


‘ ’ 
CH,°CH:CO,H 
is not affected even when boiled with concentrated aqueous hydro- 
bromic acid. These important differences in stability in the cyclo- 
propane series have already been discussed in some detail in previous 
papers (compare especially Trans., 1894, 65, 951; 1907, 91, 816), and 
fresh examples of the instability of the cyclopropane ring, especially 
in such bridged-ring compounds belonging to the terpene series, as 
carone and sabinene, are constantly being observed. 

It is also well known that the cyclobutane ring, when it forms 
part of a bridged-ring complex, not infrequently exhibits marked 
instability. Thus, in the conversion of pinene into isobornyl 
chloride by the action of hydrogen chloride at 0°, it is assumed that 
the dimethylcyclobutane bridged-ring suffers disruption, and _ re- 
arrangement subsequently takes place according to the scheme: 


CH-CMe:CH CH,--CHMe-CHCl CH,°CMe—CHCl 


+ 
CMe,} —> CMe, Cl CMe, | . 


CH,-CH-CH, oH,-bH—OH, CH,-CH——CH, 
If this representation of the process should prove to be correct, the 
disruption of the dimethyleyclobutane ring which it involves, 
together with the subsequent rearrangement, must constitute one of 
the most remarkable changes in organic chemistry. 
That the dimethylcyclobutane ring readily ‘suffers disruption in 
bridged-ring compounds receives further confirmation from the recent 
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work of Wallach (Annalen, 1907, 356, 241), who has shown that 
methylnopinol is converted into terpene hydrate by shaking with 5 per 


Me’C-:OH 


N. 

pane 

‘ially ‘ool 

sa CH:C(OH)Me, 

1 in cent. sulphuric acid, or even with dilute oxalic acid, at the ordinary 
temperature, and further that, when treated with hydrochloric acid, it 
yields dipentene dihydrochloride. 

In view of these facts, it is remarkable that nopinol itself is not 
H:C-OH 
fs, 
CH, , CH 
CH, ee CH, 

lro- XY L/ 

clo- 

ous 

and affected by contact with dilute —_ acid for four weeks 

lly (loc. cit., p. 237). It is very difficult to understand why the substitu- 

as tion of hydrogen for methyl in nopinol should bring about such a 
marked change in the condition of stability. 

ms If we turn from the consideration of bridged-rings to the study of 

ced the stability of the cyclobutane ring by itself, such evidence as there 

ayl is seems to point to that ring being distinctly more stable than the 
rat cyclopropane ring. ‘Thus cyclobutanecarboxylic acid (I) and eyelo- 
re- butane-1 : 2-dicarboxylic acid (II) may be brominated at the tempera- 

ture of the water-bath under the usual conditions, with formation of 

Cl bromocyclobutanecarboxylic acid (III) and dibromocyclobutane-1 : 2- 
dicarboxylic acid (IV) : 

° CH,: H, CH, “CH: 0O0,H 
: én, CH: CO,H CH, “CH: CO,H 
: (L) (II) 
he 
8, CH: H, CH,*CBr CO,H 
of éu, Br: CO,H CH, -CBr* CO,H 

(III.) (IV.) 

in and there is no evidence that the hydrogen bromide produced during 


the bromination caused appreciable fission of the ring in either case. 
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cycloButane-1 ; 3 :-dicarboxylic acid, 
CO,H-CH< pH? >CH-CO,H, 
2 


has been synthesised in several ways (compare Haworth and Perkin, 
Trans., 1898, 73, 330), but the yields obtained have always been so 
small that a complete investigation of its properties has, so far, not 
been attempted. Recently, however, Simonsen (Trans., 1908, 93, 
1778) has worked out a process by which the cis-modification may 
be prepared in quantity, and since it is clear that this acid is 
more closely allied to the bridged-ring compounds, pinene, nopinol, 
and methylnopinol, than either of the cyclobutanecarboxylic acids 
just mentioned, we determined to investigate its behaviour with 
sulphuric acid, hydrobromic acid, and also with bromine. 

We found, in the first place, that this acid is not affected by boiling 
with 10 per cent. sulphuric acid, and, even if heated with concentrated 
sulphuric acid for three hours on the water-bath, very little change 
takes place, and almost the whole of the acid may be recovered, 
When, however, the acid is heated in a sealed tube at 100° with 
fuming hydrobromic acid, the ring suffers disruption, and an almost 
quantitative yield of a monobromo-acid is obtained, which, since 
it yields a-methylglutaric acid on reduction, is probably a-bromo- 
butane-88-dicarboxylic acid : 


CO,H*CH<G CH: CO,H -> CO,H: CH OH a 


—» CO,H-CHMe:CH,:CH,° CO,H, 


but it is, of course, also possible that the bromo-acid has the constitu- 
tion CO,H:CHMe’CH,-CHBr:CO,H. The readiness with which this 
disruption of the cyclobutane ring takes place led us to investigate 
the behaviour of cis-cyclobutane-1 : 2-dicarboxylic acid with hydrogen 
bromide under the same conditions, but, even after heating at 100° for 
three hours, no appreciable change could be observed, and almost the 
whole of the acid was recovered unchanged. Obviously we have here 
again a case of the remarkable effect on the stability of a closed ring 
exercised by mere change in position of the substituting groups. We 
next investigated the action of bromine (2 mols.) on the acid chloride 
of cyclobutane-1 : 3-dicarboxylic acid (1 mol.) at the temperature of 
the water-bath, and found that the product of the action, after 
decomposing with water, is a tribromo-acid, C,H,0,Br,. This acid has 
therefore been produced by the substitution of two atoms of hydrogen 
by bromine in the usual positions, and at the same time the cyclobutane 
ring has suffered disruption owing to the addition of hydrogen 
bromide produced during the reaction : 


/CH,:CO,H 


| rad 
‘ 


-~_—— wr wm we on 
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CH 
(0,H'CH<. H>CH-CO,H a" 
CO, H: OB Of, CHB 00,H. 


The tribromo-acid is therefore af6-tribromobutane-Bd-dicarboxylic 
aid. The most striking property of this acid is the fact that its 
methyl ester is quantitatively converted into cyclobutane-l : 3- 
dicarboxylic acid when it is treated with zinc and acetic acid and 
subsequently hydrolysed, reduction and closing of the ring taking 
place simultaneously. 

It is well known that some af-dibromo-acids are readily con- 
verted into the corresponding unsaturated acids by the action of zinc ; 
thus, for example, a8-dibromobutyric ester yields crotonic ester when 
its ethereal solution is treated with zinc filings (Michael and 
Schulthess, J. pr. Chem., 1891, [ii], 43, 590). Assuming Baeyer’s 
“Spannungs Theorie” to be correct, a change of this kind should take 
place with greater ease in the case of the formation of a cyclobutane 
ring from an aé-dibromide, 

CBr C 
f 
C 
\Z 

C 
than in the formation of the ethenoid linking, because the “‘ Spannung ”’ 
in the closed four-carbon ring is much less than that in the ethenoid 
linking. And the same appears to be true in the cyclopropane series, 
since Gustavson (Compt. rend., 1899, 128, 437; J. pr. Chem., 1891, 
[ii], 59, 302) has shown that cyclopropane is almost quantitatively 
produced when an alcoholic solution of trimethylene bromide is 
digested with zinc : 


CH,Br CH, 
CHO’ Br —— CHe< by 
It is therefore to be expected that ring formation will often be 
found to result from the action of zinc and other metals on ay-, ad-, 
ae-, and possible other more extended dibromo-compounds. 
One other point in connexion with the formation of cyclobutane- 
1 : 3-dicarboxylic acid by the elimination of bromine from afé-tribromo- 
butane-85-tricarboxylic acid is of interest. This elimination might 
result in the formation of a ee eee acid : 


D ames 2Br 
C0,H-CBr 
a 


especially as the two a-bromo-atoms are probably the most reactive, 


CBr —_ C OO, 


CHBr-CO,H —> 0O,H: Pa ©H-CO,H, 
CH 7 
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and the fact that the reaction actually proceeds quantitatively with 
formation of the cyclobutane ring is additional evidence that this ring 
is more readily formed than the cyclopropane ring. 

During the course of this investigation we have prepared large 
quantities of pinonic acid, and have made several new observations in 
connexion with this acid and its derivatives. The results of these 
experiments are described on p. 1174, andit will be only necessary, in 
this introduction, to discuss the experiments which illustrate the 
extraordinary stability of norpinic acid, 

Norpinie acid, 

CMe 
CH, CH'CO,H, 

is the gem-dimethyl derivative of cyclobutane-1 : 3-dicarboxylic acid, 
and, like this acid, it exists in cis- and trans-modifications. 

Its investigation was thought to be interesting because this acid is 
a simple derivative of that dimethyleyclobutane ring which, as has 
already been pointed out (p. 1166), so readily undergoes disruption 
when it is a constituent of the bridged-ring characteristic of pinene, 
nopinone, etc. Our experiments have, however, shown that this ring, 
in norpinic acid, exhibits quite unusual stability, and it is quite clear, 
therefore, that the closing of the bridged-ring in compounds such as 
pinene entirely alters the character of the dimethyleyclobutane ring, 
possibly by producing a “strain” which is not present in the ring 
itself. Although  cis-cyclobutane-1 :3-dicarboxylic acid readily 
undergoes fission when it is treated with hydrobromic acid at 100°, 
this reagent has no action on cis-norpinic acid at 120°, Again, it is 
pointed out on p. 1168 that cis-cyclobutane-1 :3-dicarboxylic acid is 
readily attacked by bromine at 100° with disruption of the ring and 
formation of a85-tribromobutane-88-dicarboxylic acid. Baeyer (Ber., 
1896, 29, 1911) states that the cis-norpinic acid yields a bromo-acid 
when it is treated with bromine by the Volhard method, and we can 
confirm this, but our experiments show that the acid chloride is 
attacked only with great difficulty by bromine at 100°, and that at 
120° a bromo-acid is produced which, although not obtained pure, is 
doubtless 1 : 3-dibromo-cis-norpinic acid, 


CO,H*OBr<py > OBr‘C0,H. 
2 


In this case, also, there is no evidence of any fission of the 
closed ring. It has already been pointed out (p. 1167) that the 
dimethyleyclobutane ring in certain derivatives of pinene readily 
suffers disruption under the influence of weak acids, but norpinic 
acid, on the other hand, may be boiled with 10 per cent. sulphuric 
acid or heated on the water-bath with concentrated sulphuric acid 
without change. 


CO,H:CH< 
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Results such as the above clearly show (a) that comparatively 
slight changes, such as the introduction of methyl groups or the 
rearrangement of carboxyl groups, exercise a great influence on the 
stability of the cyclobutane ring, and (+) that this ring undergoes a 
remarkable reduction in stability when it becomes part of a bridged- 
ring system. 

EXPERIMENTAL, 


cis-cycloButane-1 : 3-dicarboxylic Acid, 
00,H-CH<C4:>cH-00,H. 
2 CH, 2 


We have succeeded in devising two new methods for the preparation 
of this acid. 


I, By Condensation of Monochloromethyl Hither with the Sodiwm 
Derivative of Ethyl Methylenedimalonate. 


Ethyl methylenedimalonate (35 grams) was added to finely divided 
sodium (2°5 grams) suspended in dry ether, when a vigorous reaction 
ensued, and, after remaining overnight, the sodium had completely 
dissolved and a yellow sodium derivative separated. Monochloro- 
methyl ether (10 grams), dissolved in an equal volume of dry ether, 
was then added all at once, and in two hours the reaction, which pro- 
ceeds without the evolution of much heat, was complete and much 
sodium chloride had separated. The product was mixed with water, 
the ethereal solution separated, dried, and evaporated, when a colour- 
less oil remained which, after several fractionations, distilled fairly 
constantly at 215—220°/24 mm. : 

0:1226 gave 0-2413 CO, and 0:08 H,O. C=53'7 ; H=7:2. 

C,,H,,0, requires C=54°2 ; H=7°4 per cent. 

This oil undoubtedly consists of ethyl 5-methoxybutane-aayy-tetra- 
carboxylate, a substance which had already been obtained by a quite 
different process (Trans., 1908, 93, 1784). This ester (3 grams) 
was mixed with 50 per cent. hydrochloric acid (25 cc.) and 
digested on the sand-bath in a reflux apparatus for twelve hours, when 
hydrolysis was complete. On removing the excess of hydrochloric 
acid by evaporation, an oil was obtained which rapidly solidified, and 
after two crystallisations from dry ether, the acid melted at 129° 
and was found on examination to consist of cis-cyclobutane-1 : 3-dicarb- 
oxylic acid. 


Il. By the Condensation of Ethyl Methylenedimalonate with Methylal. 


In carrying out this interesting condensation, the following method 
was, after several comparative experiments, found to give the best 
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results. Ethyl methylenedimalonate (20 grams) was mixed with 
methylal (30 grams) and zine chloride (0°5 gram) and heated in 
sealed tube for two hours at 150—160° and then for one hour at 17(), 
and during the operation the tube was occasionally agitated in order 
to keep the contents well mixed. After cooling, the pale brow 
solution was poured into water, the oil which separated dissolved in 
ether, the ether was then evaporated, and the residual oil fractionated 
under diminished pressure, when a considerable quantity (9 grams) 
distilled at 200—220°/20 mm., a small, high boiling residue remaining 
in the flask. This crude oil, without further purification, was 
hydrolysed by boiling with 50 per cent. hydrochloric acid, when, 
after removing the hydrochloric acid by evaporation, a brown oil was 
obtained which soon almost completely solidified. After draining 
on porous porcelain, the acid was crystallised from ether, and found 
to melt at 128—130° and consist of pure cis-cyclobutane-1 : 3-dicarb. 
oxylic acid : 

0°1346 gave 0°2456 CO, and 0°0642 H,O. C=49°8; H=5°3. 

C,H,O, requires C=50°0 ; H=5°6 per cent. 

The anhydride of cis-cyclobutane-1 : 3-dicarboxylic acid.—As we 
were desirous, in our further experiments, to employ the pure cis. 
acid quite free from even traces of the trans-isomeride, we decided to 
purify it by conversion into the anhydride. The anhydride was 
obtained by digesting the acid with acetyl chloride in the manne 
previously described (Trans., 1898, 73, 338), but, on the present 
occasion, it was purified by distillation under diminished pressure, 
when it was found to boil at 175—177°/20 mm. as a colourless oil 
which soon solidified, and, after remaining in contact with porous 
porcelain, the crystalline mass melted at 50—51°. The pure ci- 
acid, obtained from the anhydride by hydrolysis, melted sharply at 
135—136°. 


Bromination of cis-cycloButane-1 : 3-dicarboxylic Acid. Formationo 
afd-T'ribromobutane-B5-dicarboxylice Acid, 


CH, Br-CBr(CO,H)-CH,*CHBr-CO,H. 


The pure acid (2 grams) was digested with phosphorus pentachloride 
(5°8 grams) until decomposition was complete, and then heated with 
bromine (4°6 grams) in a sealed tube in a boiling-water bath for fifteen 
hours. The bromo-acid chloride was left in contact with powdered ice 
for two days, the heavy, viscid syrup extracted with ether, the ethereal 
solution well washed, dried, and evaporated, when an almost colourless 
syrup remained which rapidly crystallised. After remaining in contact 
with porous porcelain until quite dry, the solid residue was several times 
recrystallised from ether : 
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0:1184 gave 0°1726 AgBr. Br=62°0. 
C,H,O,Br, requires Br = 62-7 per cent. 
ao-T'ribromobutane-B8-dicarboxylic acid separates from ether in crusts 
of small plates, and melts with decomposition at 172°. 


be It is readily soluble in ether, formic acid, or hot water, but only 
mi fe sparingly so in benzene, chloroform, or light petroleum. 

Ps Methyl aB8-Tribromobutane-B8-dicarboxylate.—This substance was 
y rams 


obtained by pouring the bromo-acid chloride, prepared as described 


— above, into well cooled methyl alcohol. After remaining overnight, 

a the methyl ester was precipitated by water, the heavy oil extracted 

1 a with ether, the ethereal solution washed well with water and sodium 
as 


carbonate, dried, evaporated, and the pale yellow oil left for some days 
in a vacuum desiccator over sulphuric acid. Two different preparations 
gave the following results on analysis : 
01453 gave 071939 AgBr. Br=56°8. 
01681 ,, 0°2261 AgBr. Br=57°3. 
C,H,,0,Br, requires Br=58°4 per cent. 
As it seemed possible that the remarkable course of the bromination 


ining 
found 
carb 


| "° BF of cis-cyclobutane-1 : 3-dicarboxylic acid was due to the pressure of the 

: “i hydrogen bromide in the sealed tube, an experiment was made with 

< the same quantities as before, but in an open flask fitted with a ground- 
“BB in tube. The bromination proceeded on the water-bath very slowly, 

nner : ; 

aa and, as soon as it was complete, the product was poured into methyl 


alcohol as described above. On analysis, the methyl ester was found 
to have practically the same composition as before : 

0:2089 gave 02720 AgBr. Br=55-4. 

C,H,,0,Br, requires Br =58°4 per cent. 

Reduction of Methyl aB8-Tribromobutane-B5-tricarboxylate to cis 
cycloButane-1 : 3-dicarboxylic acid.—The bromo-methy] ester (4 grams), 
dissolved in acetic acid and a little water, was treated with zinc dust 
(20 grams), at first in the cold and afterwards on the water-bath. 
After filtering from undissolved zinc, water was added, the oil 
extracted with ether, and the ethereal solution well washed and 
evaporated. 

The residual oil, which was quite free from bromine, was then 
hydrolysed with alcoholic potash, the solution mixed with water, 
evaporated until free from alcohol, acidified, and extracted several 
times with ether. After removing the ether by evaporation, a solid 
was obtained which separated from water in prisms melting at 
131—133°, and consisted of cis-cyclobutane-1 : 3-dicarboxylic acid, the 
yield being nearly quantitative : 

0'1682 gave 0°3081 CO, and 0°0831 H,O. O=49°9; H=55 
C,H,O, requires C=50°0 ; H=5°6 por cent 


OF 
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Action of Hydrogen Bromide on cis-cycloButane-1 : 3-dicarboxylic Acid, 
Formation of a-Bromobutane-B8-dicarboxylic Acid. 


In order to determine whether fission of the ring took place whey 
cis-cyclobutane-1 : 3-dicarboxylie acid was heated with hydrobromic 
acid alone, the pure acid (1 gram) was mixed with aqueous hydro. 
bromic acid (saturated at 0°, 10 c.c.) and heated in a sealed tube at 
100° for three hours. The hydrobromic acid was then removed on the 
water-bath, when an oil remained which completely solidified, and, 
after crystallisation from benzene, the following results were obtained 
on analysis : 

01113 gave 00922 AgBr. Br=35:2. 

C,H,O,Br requires Br = 35°5 per cent. 
a-Bromobutane-B5-dicarboxylic acid, which does not appear to have 
been previously described, separates from benzene, in which it is fairly 
readily soluble, in hard, nodular clusters of needles and melts at 
106—107°. It.is readily soluble in ether, water, or formic acid, but 
sparingly so in chloroform or light petroleum. 

Reduction to a-Methylglutaric Acid.—This reduction, which proves 
the constitution of the bromo-acid, was carried out by treating the 
acid, dissolved in dilute sodium carbonate, with a large excess of 
sodium amalgam in the cold. The solution was acidified, extracted 
several times with pure ether, the ether evaporated, and the solid 
residue left in contact with porous ‘porcelain until quite dry and then 
crystallised from ether : 

0°1135 gave 0°2045 CO, and 00731 H,O. C=49:1; H=7'1. 

C,H,,0, requires C= 49°3 ; H =6°9 per cent. 


Pinonic Acid, CH,*CO- ‘CH< (Gy? >CH:- -OH,-CO,H, and its 


Der Paice 


The large quantities of pinonic acid which have been prepared for 
the present investigation and during the course of our experiments on 
nopinone (Trans., 1907, 91, 1736) were obtained by the oxidation of 
pinene under the conditions recommended by Baeyer (Ber., 1896, 29, 
22). In purifying crude pinonic acid, we have found it advantageous, 
instead of distilling the acid itself as recommended by Baeyer, to 
convert it into its ester by digesting with alcohol and sulphuric acid, 
and then to fractionate this carefully under diminished pressure. The 
fraction distilling at 147—148°/16 mm. is pure ethyl pinonate, as the 
following analysis shows : 

0°1141 gave 02858 CO, and 0:0975 H,O. C=68:2; H=9°5. 

C,,H, 0, requires C=68:0; H =9°4 per cent. 
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RBOXYLIo 


When this ester is hydrolysed, it yields a syrup which soon becomes 
gui-solid, and doubtless consists of the cis- and trans-modifications of 
pinonic acid. In contact with porous porcelain, the syrup is absorbed, 
and the crystalline residue separates from water in colourless prisms 


ylic Aid 


ace when 
robromic fy melting at 103—105°. 
iS hydro. In preparing cis-pinic acid, 


"tube at ee ny 
d on the CO,H CH oy OH CH, CO,H, 
ed, and, Mf by the method described by Baeyer (oc. cit., p. 25), we have also 


found that it is best purified by conversion into the ester, which 
distils at 156°/20 mm., and, on besa ar at once yields the pure 


acid. 


btained 


cis-Bromopinic Acid, CO,H° -CH<O GH 2 >CH-CHBr-C0,H. 


0 have 
$ fairly 
elts at 
id, but 


Baeyer (Joc. cit., p. 1908) prepared this acid in a crude condition by 
the action of phosphorus tribromide and bromine on cis-pinic acid, but 
did not purify it. We have found that the pure bromo-acid is 
readily obtained by the following modification of Baeyer’s process. 

Pure cis-pinic acid (43 grams) is mixed with phosphorus penta- 
chloride (100 grams), and, as soon as the vigorous action has subsided, 
the mixture is heated on the water-bath for half an hour. Bromine 
(13 grams) is then added to the well-cooled acid chloride, and the 
whole heated on the water-bath for three hours, care being taken so 
to regulate the process that there is no loss of bromine. 

The product is poured in a thin stream into excess of anhydrous 
formic acid, and the solution heated on the water-bath until decom- 
position is complete, when, on keeping in the ice-chest, a quantity of 
a crystalline acid separates, which is collected and recrystallised from 
formic acid : 


0:124 gave 0:0900 AgBr. Br=30°9. 
C,H,,0,Br requires Br =30°2 per cent. 


proves 
1g the 
ess of 
acted 
solid 
then 


for cis-Bromopinic acid melts at about 154°, and separates from formic 
= acid, in which it is sparingly soluble in the cold, in nodular masses 
0 


composed of stout plates, 


29, 

us, cis-Hydroxypinic acid, CO,H: CH OH: ‘CH(OH):CO,H, is 
to conveniently prepared in the following oy (compare Baeyer, loc. cit., 
4, p. 1908). The bromo-acid chloride, obtained as explained above, is 
he left in contact with ice until decomposed, and the syrup extracted 
he with ether. After removing the ether by evaporation, the residue is 


digested with excess of barium hydroxide for one hour, the alkaline 
liquid filtered from tarry matter, concentrated, acidified, and ex- 
tracted five times with ether. ‘The ethereal solution yields, on con- 
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centration, a crystalline mass of pure cis-hydroxypinic acid, melting at 
191—193°. 

Ethyl cis-hydroxypinate is readily obtained by treating the acid 
with alcoholic sulphuric acid in the usual manner. It distils at 
179°/16 mm. as a colourless oil, which rapidly crystallises, and 
separates from light petroleum in colourless needles melting at 
58—60°: 

01729 gave 0°3821 CO, and 0:1335 H,O. C=60°3; H=8°6. 

C,,H..0,; requires C= 60°5 ; H=8°5 per cent, 


cis-Norpinic acid, CO,H-CH<C°?>CH-CO,H, is obtained, as 
2 


Baeyer (oc. cit., p. 1910) has shown, by the oxidation of hydroxypinic 
acid with chromic acid. We have prepared large quantities of this 
acid, and, during the course of our experiments, have obtained several 
derivatives which do not appear to have been previously described. 

Ethyl cis-norpinate is readily obtained by treating the acid with 
alcohol and sulphuric acid in the usual manner, and is a colourless, 
mobile oil with a pleasant ethereal odour, which distils at 
140°/20 mm. : 

0:1223 gave 0°2826 CO, and 0:0951 H,O. C=63:°0; H=8°6. 

C,,H,,0, requires C=63'2 ; H =8°8 per cent. 


cis-Norpinic anhydride was prepared by heating the acid with 
excess of acetic anhydride in a sealed tube at 220°. The excess of 
acetic anhydride was removed under the ordinary pressure, and the 
residue rapidly distilled under 10 mm. pressure, when a syrup was 
obtained which soon crystallised. After remaining in contact with 
porous porcelain until quite dry, the anhydride was recrystallised from 
ether : 


01539 gave 0°3474 CO, and 0:0898 H,O. C=62:2; H=6'5. 
C,H,,0, requires C= 62°3 ; H=6°5 per cent. 

cis-Norpinic anhydride separates from ether in slender plates, 
melts at 135°, and, when warmed with water, is slowly converted 
into the crystalline acid, which melts at 173—175°, and is identical 
with the acid which is directly obtained by the oxidation of hydroxy- 
pinic acid. 

It is clear, therefore, that norpinic acid and hydroxypinic acid, 
and probably also pinic acid and pinonic acid, belong to the cis- 
series. 

trans-Norpinic Acid.—This acid, which does not appear to have been 
previously described, is obtained when the cis-acid is heated either 
with hydrochloric or with hydrobromic acid. The pure cis-acid (5 
grams) is heated with hydrochloric acid (15 ¢.c.) and water (5 ¢.c.) ina 
Sealed tube at 180° for two hours. The product is heated on the 
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yater-bath until free from hydrochloric acid, and the solid residue, 
ghich consists of a mixture of the cis- and trans-acids, is fractionally 
crystallised from ether until nearly all of the less soluble cis-acid has 
been removed, and then from hydrochloric acid ; from this solvent the 
pure trans-acid is ultimately obtained in hard nodules, which, under 
the microscope, are seen to be composed of slender prisms : 

0'1106 gave 0°2265 CO, and 0:0725 H,O. C=55°8; H=7°3. 

C,H,,0, requires C=55°8; H=7-0 per cent. 

trans-Vorpinic acid softens at 137°, melts at 144°, and is more 

soluble in the usual solvents than the cts-modification. 


Bromination of cis-Norpinic Acid. 


cis-Norpinic acid is brominated with much greater difficulty than 
cis-cyclobutane-1 : 3-dicarboxylic acid, and evidently with the formation 
of 1 :3-dibromonorpinic acid, 


CO,H-CBr< CM! >0Br-CO, H. 
2 


Norpinic acid (2 grams) was mixed with phosphorus pentachloride 
(5 grams), and, after the reaction had subsided, the mixture was 
heated on the water-bath for half an hour. Bromine (3°7 grams) was 
then added, and the whole heated in a sealed tube for forty-eight 
hours in a boiling-water bath, but, as the action was then not nearly 
complete, the heating was continued for three hours at 120°, when 
almost the whole of the bromine had disappeared. The bromo-acid 
chloride was decomposed by ice, the viscid, brown syrup dissolved in 
ether, and: the ethereal solution dried and evaporated. The syrup, 
which showed no tendency to crystallise, was placed in a vacuum 
desiccator over sulphuric acid for some days and then analysed : 


0:2515 gave 0°2500 AgBr. Br=42°3, 
C,H,,0,Br, requires Br = 48-5 per cent. 
Although this result, as was to be expected, is only approximate, it 
clearly indicated that the product of the action of bromine on norpinic 
acid, under the conditions employed, is 1 : 3-dibromonorpinic acid, and 
this receives support from the fact that the bromo-acid yields norpinic 
acid when it is reduced by sodium amalgam in sodium carbonate solu- 
tion. In confirmation of the above result, a second experiment was 
made in which the bromo-acid chloride was poured into methyl alcohol, 
when the methyl ester, extracted in the usual manner, was found to be 
a pale yellow oil, possessing a pungent odour, and having an unpleasant 
effect on the eyes : 
0°1659 gave 0°1524 AgBr. Br=39°1. 
C,,H,,0,Br, requires Br=44°7 per cent. 
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This result again emphasises the difference in behaviour of cyelp 
butane-1 : 3-dicarboxylic acid and norpinic acid on _ brominatio, 


(p. 1172). 


We wish to thank Messrs. G. 8. Naylor and H. D. Gardner fo 
assisting us in the preparation of the large quantities of pinonic 
acid required for these experiments, and our thanks are also due to 
the Research Fund Committee of the Chemical Society for a Grant, 
which has defrayed much of the expense of this investigation. 

THE ScHuncK LABORATORY, 


Tue UNIVERsITy, 
MANCHESTER. 


CXXXII.—Sodium Sulphite and its Equilibrium 


with Water.* 


By Haroitp Hartiey and Wiit1am Henry Barrett. 


In the course of an investigation of the products of crystallisation of 


mixed solutions of sodium and potassium sulphites, it was found 
necessary to determine the properties of the end members of the series 
as little information was available concerning them. 

Sodium sulphite has been studied previously by Fourcroy (Comey, 
Dictionary of Solubilities, 1896, p. 464), Mitscherlich (Pogg. Annalen, 
1827,12,140), Rammelsberg (Pogg. Annalen, 1846, 67, 246 ; 1855, 94, 
507), Muspratt (Phil. Mag., 1847, [iii], 30, 414), Marignac (Ann. des 
Mines, 1857, [v], 12, 32), Kremers (Pogg. Annalen, 1856, 99, 50), Des 
Cloizeaux (Ann. des Mines, 1857, [v], 11, 347; 1858, [v], 14, 391), 
Schultz-Sellack (J. pr. Chem., 1870, [ii], 2, 459), de Forcrand (Ann. 
Chim. Phys., 1884, [vi], 3, 243), Rohrig (J. pr. Chem., 1888, [ii], 37, 
222), Hartog (Compt. rend., 1889, 109, 179, 221, 436), Traube 
(Zettsch. $Kryst. Min., 1894, 22, 143), and Barth (Zeitsch. physikal. 
Chem., 1892, 9, 176). 

Three forms have been described by one or other of the above 
authors, namely, Na,SO,, Na,SO,,7H,O, and Na,SO,,10H,O. Of these 
the heptahydrate is stable at low temperatures, and the anhydrous 
salt at high. The decahydrate, first described by Muspratt, is a labile 
modification’; its existence has been questioned by Schultz-Sellack and 
Rohrig, and we have failed to isolate it in spite of a large number of 
attempts under different conditions ; however, the formation of mixed 
crystals of Na,CO,,10H,O and Na,SO,,10H,O, observed by Traube 


* This title is substituted for that given in the abstract (Proc., 1909, 25, 164). 
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(loc. cit.), makes it probable that the decahydrate might crystallise 
under exceptional circumstances, The present paper deals with the 
preparation of pure sodium sulphite, the properties of the anhydrous 
salt, the solubility of sodium sulphite in water, and the spontaneous 
crystallisation of its supersaturated solutions, 


Preparation of Materials. 


As the hydrated salt oxidises very readily in air, whilst the 
anhydrous modification is stable so long as it is kept dry, a quantity 
of pure anhydrous salt was prepared for 
use in the determinations. For this pur- 
pose, 40 grams of Merck’s pure sodium —-—H 
carbonate were dissolved in 120 grams of = 2 
air-free water, and a current of sulphur 
dioxide passed into the solution until the 
gain in weight showed that it was con- 
| verted into sodium hydrogen sulphite; an 
equal quantity of sodium carbonate solu- 
tion was then added, and the solution was 
quickly transferred to the vessel, A (Fig. 1), 
containing hydrogen, whence it was filtered 
through glass wool into the vessel B, which 
was surrounded by a bath of brine kept at 
a temperature of over 100° by blowing 
in steam. As the anhydrous salt is less 
soluble than the hydrated form above 22°, 
it crystallises when the temperature of the 
solution is raised, and the yield is increased 
by evaporating the solution in a stream of 
hydrogen. After some hours, the solution 
was drawn off by the tube D, the crystals 
being stopped by a small glass plug. The 
crystals were first washed with a mixture 
of alcohol and water, then with alcohol, 
and finally dried, all the operations being 
carried on in an atmosphere of hydrogen. 
The yield varied from 11 to 24 grams. 
The salt prepared by this method was free 
from sulphate. It was analysed by oxidising a known weight with 
bromine water and determining the sulphate by precipitation with 
barium chloride. The specimen used in the solubility determinations 
gave the following results : 

0°6674 gave 1:2334 BaSO,. SO, = 63°34. 

Na,SO, requires SO, = 63°47 per cent. 
VOL. XCV. | 4H 


Fie, 1. 
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The salt therefore contained 99°87 per cent. of pure sodium sulphite, 
The results of two other analyses gave SO,=63'23 and 63:37 
respectively. For experiments where the hydrated salt was required, 

a specimen recrystallised in hydrogen 

Fig. 2. was used, but this never contained legs 
than one per cent. of sulphate as an 
impurity. 


Crystalline Form. 


The crystalline form of hydrated 
sodium sulphite has been investigated 
by Rammelsberg (loc. cit.), Marignac 
(loc. cit.), and Des Cloizeaux (loc. cit.), 
who showed it to belong to the prismatic 
class of the monoclinic system with the 
axial ratios : 
a:6:c=1°5728:1:1:1694; B=93°36’, 

The anhydrous salt had not been 
investigated before. It crystallises in 
short, hexagonal prisms terminated by a basal plane and pyramid 
faces as shown in Fig. 2. The crystals were small, and the faces 
gave poor reflections. 

System : Hexagonal (probably holohedral). 

Axial ratios: @:c¢=1 :1:1246. 

Forms observed : ¢{0001}, m{1010}, #{1011}, p{1012}, s{1121}. 


Angle measured. Readings. Limits. Mean. Calculated. 
¢:x=0001 : 1011 13 52°36’—52° 4’ 52°24’ _— 

¢: p=0001 : 1012 6 32 54 —31 48 32 16 32°59’ 
¢:s=0001 : 1121 6 66 30—65 0 65 40 66 2 


The crystals possess a perfect cleavage parallel to the basal plane, 
they are strongly birefringent, cleavage fragments showing a uniaxial 
figure of negative character in convergent light. 

The densities of both hydrated and anhydrous crystals were 
determined by the method of flotation in a mixture of xylene and 
acetylene tetrabromide with the following results : 


Na,SO,,7H,0. Na,SO,. 


Temperature of ‘ Temperature of 
observation. ai, observation. Ay. 
1°5934 15°4° 2°6327 
1°5944 15°0 2°6352 
1°5944 15°4 2°6319 
1°5934 15°4 2°6336 
1°5945 15°4 2°6341 
1°5939 Mean,,.... 2°6334 
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Buignet (J. Pharm., 1861, [iii], 40, 161, 337) gives a value for the 
specific gravity of the hydrated salt of 1°561. 


Solubility Relations. 


Freezing Points.—The freezing points of dilute solutions of sodium 
sulphite were found by the ordinary Beckmann method, the determina- 
tions being carried out in an atmosphere of hydrogen. The results are 
given in the following table, and are plotted in Fig. 3. The salt was 
added in the anhydrous condition, and owing to the sluggish trans- 
formation of the anhydrous salt into the less soluble hydrated 
modification, it was possible to prolong the freezing-point curve into 
the metastable region. 

Na,SO, Water Parts of Na,SO, 

in grams. in grams. per 100 of water. Temperature. 
0°6888 32°3310 2°15 -0°76° 
1°3623 32°3310 4°21 1°37 
2°0330 32°3310 6°29 1°96 
8°0350 32°3310 9°44 2°77 
4°0355 32°3310 12°48 3°51 
2°2980 13°3786 17°91 4 50 

Na,SO,,7H,O.—The solubility of the hydrated salt was determined 
by the sealed tube method, as described by Hartley and Thomas 
(Trans., 1906, 89, 1016). Weighed amounts of salt and water were 
sealed up in small tubes, and two temperatures were found differing 
by about 0°4°, at the higher of which one or two small crystals were 
seen to dissolve, and at the lower to grow. The mean of these tempera- 
tures was taken as that of equilibrium of a solution of this concentra- 
tion with the solid phase. The method gave satisfactory results, 
owing to the steep slope of the solubility curve, and was particularly 
convenient, as it avoided all difficulties arising from the oxidation of 
the solution. The results are given in the following table, and are 
plotted in Fig. 3. 

Na.SO, Water Parts of Na.SO, per 
in grams, in grams, 100 parts of water. Temperature, 
0°4519 1°0252 44°08 
0°4270 1°0772 39°64 
0°4394 1°2557 34°99 
0°2991 0°9997 29°92 
0°3258 1°2870 25°31 
0°2423 1°2970 20°01 
0°1300 0°7379 17°61 
0°2626 1°7723 14°82 
0°1440 171000 13°09 

It will be seen that the solubility curve cuts the ice curve at — 3°5°, 
this being the cryohydric temperature. 

Anhydrous Salt.—The tube method could not be used in this case 
owing to the small temperature-coefficient of the solubility and the 

4H 2 
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slowness with which equilibrium is attained. Excess of the anhydrous 
salt was therefore stirred with water in a bottle containing hydrogen, 
air being excluded as far as possible by mercury traps. Portions of 
the solution were withdrawn and analysed from time to time. In the 
earlier determinations a weighed amount of solution was oxidised by 
means of bromine water, and the sulphite determined as sulphate. By 
this method the true solubility was increased by any sulphate formed 


Fic. 3. 


/- 
l 
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by leakage of air into the solubility bottle, and the results were found 
to be untrustworthy. 

In order to obtain a direct estimation of the sulphite, a portion of 
the solution was drawn off through a glass wool filter into a weighed 
flask containing a known quantity of iodine solution, the flask was 
again weighed, and the excess of iodine determined by means of 
standard thiosulphate, Giles and Shearer (J, Soc. Chem. Ind., 1884, 
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1ydrous 3, 187) have shown that under these conditions oxidation takes place 
drogen, according to the equation : 
ions of Na,SO, + I, + H,O = Na,SO, + 2HI, 
In the (compare also Volhard, Annalen, 1887, 242, 94). 
sed by The results of two series of experiments are given in the following 
By table : 
formed Excess of 
Time Icdine Na,SO, iodine Parts of 
stirred solution solution solution Na,SO, per 
inhours. in grams. in grams. in grams. 100 of water. Temperature. 


Series I, 
99°81 5°933 28°56 28°29 60°4° 
13 102°64 6°543 22°69 28°89 59°8 
25 107 °84 6°349 80°83 28°65 59°8 
104°56 6°424 26°37 28°75 59°8 


Series II, 


110°09 9°479 24°53 28°01 37°0 

96 109°48 10°800 11°87 28°07 37°0 
48 108°71 9°993 17°92 28°19 47°0 
100 108°33 10°960 9°27 28°07 47°0 
19 110°69 9°242 26°82 28°21 55°6 
7 111°04 9°934 20°76 28°26 84°0 


These numbers indicate that the solubility of the anhydrous salt is 
almost independent of the temperature, and that the transition point 
of the two modifications lies in the neighbourhood of 21°6°. This 
point was determined independently by means of a dilatometer. The 
volume of one gram-molecule of the hydrated salt is 158 c.c., while the 
volume occupied by the same weight of anhydrous salt and water is 
178 c.c., the decomposition of the hydrated salt being thus ac- 
companied by an increase of volume. A finely powdered mixture 
of anhydrous and hydrated salts was placed in the bulb of a dilato- 
meter, which was then sealed off and filled with turpentine. It was 
placed in a thermostat with an electric regulator, and the readings of 
the level of the turpentine in the neighbourhood of the transition 


point were as follows: 


Bath temp. = 21°89". Bath mp. =22°09°. Bath temp. =22°69°. 


“Hours Scale » Hours Scale - Hours Seale 
nd! in bath. reading. _in bath. reading. in bath. reading, 
0 146°6 0 146°1 0 145°7 
5 145°4 1 146°1 3 145'8 
of 6 145°3 6 146‘ 18 146°5 
ed 8 145°2 9 146°1 20 146°6 
oi 20 144°5 20 146°1 23 146°9 
of These numbers indicate a transition temperature in the neighbourhood 


of 22:1°, The transition is extremely sluggish, less than 0:1 per cent, 


1184 HARTLEY AND BARRETT: SODIUM SULPHITE 


of the hydrated salt being transformed to the anhydrous variety 
in twenty hours, when it is 0°6° above the transition temperature, The 
agreement between the transition temperatures determined by these 
two methods (21°6° and 22°1°) is as close as was expected in view of 
the difficulty of determining the solubility of the anhydrous salt, 


Spontaneous Crystallisation of Supersaturated Solutions. 


The conditions under which ice and salt separate spontaneously 
from supersaturated solutions of sodium sulphite were investigated in 
exactly the same manner as in the similar case of sodium sulphate 
(Hartley, Jones and Hutchinson, Trans., 1907, 93, 825). Sealed 
tubes containing solutions freed from crystalline nuclei were cooled 
down, while they were constantly shaken until ‘crystallisation 
occurred. One set of experiments was made with tubes containing 
solid matter and another without, in every case tubes containing 
solid which produced friction during shaking crystallised at a 
slightly higher temperature than those which did not. The occurrence 
of crystallisation was definite in both cases, in spite of the fact that 
sodium sulphite has the largest metastable region (approximately 30°) 
that has yet been recorded for a salt solution. 


The results are given in the following tables, and the super- 
solubility curves in presence of solid matter are plotted with the 
solubility curves in Fig. 3. A comparison of the numbers in the 
two tables will show that the supersolubility curves in the absence of 
solid matter lie just outside those drawn in the figure. 


Tubes Containing only Solution. 


Parts of Temperature at which 
Na,SO, Water Na,SO, per — crys- 
in grams. in grams. 100 parts of water. tallisation occurred. 
0°4519 1°0252 44°08 
0°4270 1°0772 39°84 
0°3977 1:0790 36°86 
04394 1°2557 34°99 
0°4325 1°2215 34°67 
0°2991 0°9997 29 92 
0°3528 1°2870 25°32 
0°2423 1°2070 20°02 
0°2626 1°77238 14°82 
0°2315 23380 9°92 
0°1025 2°0325 5°04 
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Tubes with Solid Matter. 


Parts of Temperature at which 
Na,SO, Water NaSO, per spontaneous crys- 
in grams. in grams. 100 parts of water. tallisation occurred. 


0°2393 0°5870 Glass 40°75 
0 2360 0°6884 + 34°28 
0°1698 0°5516 $9 30°80 
0°8197 2°7750 Garnets 29°54 
0°2187 0°8407 Glass 26°01 
0°6393 2°5317 e 25°25 
0°4770 2°3674 Garnets 20°15 
0°2735 1°1414 "s 19°34 
0°1322 0'8943 Glass 16°43 
071911 1°4778 12°93 
0°1664 1°6623 10°00 
0°1178 1°9381 6°10 
00569 174204 4°06 
0°0426 2°2516 1°89 

S indicates that Na,SO;,7H,O was produced. 

I +» ice ze 2 


M- 
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In one case indicated by IS both phases were observed, this being 
the hypertectic point. 

Water was found to crystallise at —1:0° in absence of solid, and at 
-0°6° when shaken with fragments of glass. 

In no case was there any evidence of the spontaneous crystallisation 
of a hydrate other than Na,SO,,7H,0. 


Summary. 


1. Sodium sulphite exists in two stable modifications, Na,SO,,7H,O 
and Na,SO,, with a transition point in the neighbourhood of 22°. 

2. The hydrated salt crystallises in the monoclinic system, the 
anhydrous in the hexagonal system. 

3. Solubility curves have been traced for both modifications, also 
the freezing-p int curve of dilute solutions. 

4, The conditions under which spontaneous crystallisation of 
solutions of this salt takes place have been investigated, and super- 
solubility curves have been plotted for ice and Na,SO,,7H,O ; the 
extent of the metastable region in the latter case corresponds with 
about 30°. 
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CXXXIII.—The Rate of Formation of Azo-derivatives 
trom Benzenoid Diamines. 
By Victor Herpert VELEY. 


Tne rate of formation of amino- and hydroxy-azo-derivatives from 
diazonium salts and tertiary amines or phenols has formed the subject 
of aseries of investigations by Goldschmidt, associated with others 
(Ber., 1897, 30, 670, 2075; 1900, 33, 893; 1902, 35, 3534), 
The method adopted by these authors consisted in keeping the 
reacting substances at a constant temperature, withdrawing aliquot 
portions at given intervals of time, and determining the amount of 
unaltered diazonium salt by measurement of the nitrogen evolved, 
when the solution was acidified and subsequently heated. 

The general conclusions arrived at as to the first set of reactions 
(aminoazo-derivatives) were as follows: (i) The active material is the 
free base liberated by hydrolysis of its hydrochloride ; (ii) the rate of 
formation is not influenced by the concentration of the reacting sub- 
stances, but is diminished by excess of hydrochloric acid purposely 
added ; and as to the second set of reactions (hydroxyazo-derivatives), 
(i) the active material is the free phenol liberated by hydrolysis; 
(ii) the rate of formation is diminished both by excess of alkali and 
increase of concentration. 6 

Both sets of reactions are stated to be complicated instances of the 
second order, and the mathematical expressions proposed for their 
interpretation contain both a linear and a logarithmic function of a 
time constant. 

In the above-mentioned investigations, the rate of formation of the 
azo-derivative was determined by a method of difference ; it appeared 
possible that, in some cases at least, this rate might be measured 
directly. 

Some years ago, when the author was working on the conditions of 
the reaction between nitric acid and certain metals (Phil. T'rans., 
1891, A, 70, 289), the well known m-phenylenediamine reaction for 
nitrous acid, originally proposed by Griess, and modified by Preusse 
and Tiemann, was used for the quantitative determination of small 
quantities of this acid. 

It was found that a solution of Bismarck-brown, the dyestuff formed 
in the reaction, could be used as a standard, or, in other words, a 
variable column of such a solution was a “true * match,” within 

* In the above text, the word ‘‘ true” is used advisedly and with a set purpose, 


and it is desired to take the opportunity of replying to queries which have been 
addressed as to the real meaning of a true match of coloured solutions. It may be 


tives 
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limits, of the coloured solutions formed from nitrous acid and 
m-phenylenediamine hydrochloride. It was also observed that the 
reaction between the two last substances in sufficiently dilute solu- 
tions was gradual, requiring about half an hour for its complete 
development ; but after an hour or more the tint gradually deepened, 
probably owing to some secondary change. ‘These observations were 
made about eighteen years ago, and although tintometer methods have 
been greatly improved in the interval of time, whilst the experience 
of the author has been greatly increased, yet the statements originally 
made are found at the present date to require practically no 
amendment. 

In the present paper it is proposed to give an account of experi- 
ments on the rate of formation of certain azo-colouring matters by 
direct measurement of the amount of dyestuff found per unit time 
in mixed solutions of benzenoid diamines and a metallic nitrite. 


EXPERIMENTAL. 


The tintometer used was of the form improved with the object 
of cutting off extraneous light and with a suitable arrangement 
for the introduction of a thermometer in the box of the instru- 
ment. The fixed column adopted was 157 mm. long, which corre- 
sponded with a volume of 20 c.c. The instrument was calibrated by 
various coloured solutions, but it is here only necessary to cite that 
of Bismarck-brown. A convenient solution (about 1/21,000) was 
made up, placed both into the fixed and moveable column tubes, and a 
match obtained; a portion of it was diluted to 0°5 and 0°25 


taken that, in colorimetric methods adopted for quantitative measurements, there are 
two kinds of matches in tint; the one, which may be called ‘‘true” or physical, 
the other, ‘‘ untrue” or physiological, if such expressions may be legitimately coined, 
without, of course, desiring to compare these two branches of natural knowledge to 
the possible detriment of the latter. By the former are meant solutions which 
would give identical absorption spectra, by the latter, solutions which would not 
give identical absorption spectra, but nevertheless produce sufficiently identical 
impressions on the retina. To take examples, a solution of Bismarck-brown is a 
true match of the coloured liquid formed by mixing solutions of a nitrite and 
m-phenylenediamine hydrochloride, as both contain the same dyestuff and would 
give identical absorption spectra, but solutions of potassium chromate and dichrom- 
ate, or a solution of caramel, both of which can be made up to tints identical with 
solutions of Bismarck-brown, are untrue or physiological matches. It is an easy, 
but a frequently neglected, matter to distinguish between these two kinds of 
matches ; if both solutions are diluted equally, in the one case, the equality of tint 
remains constant, and in the other, it disappears, or if one solution only be diluted, 
then in the one case it is matched by a column half the length of the undiluted 
solution, and in the other case, it is not so matched. It is to be feared that 
measurements supposed to be quantitative have been based upon such untrue 
matches without the necessary application of correction curves. 
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concentrations, and their tints also matched as against the moveable 
column of undiluted solution, six to eight observations being made in 
each case, the error in reading being + 1mm. The results are given 
below in abstract. 


Moveable column. 
A. 


Fixed column, Calculated, Measured, Difference, 

Concentration. in mm. in mm. in mm. 

1°0 E 157°0 157°0 
0°5 78°5 80-0 
0°25 39°3 41°5 

The greatest difference, approximately 5 per cent., occurs in the 
most dilute solution ; this may be due either to the imperfection of 
the human eye, as an optical instrument, a subjective cause, or to 
the greater hydrolysis or ionisation of the Bismarck-brown solution, 
an objective cause. The author prefers the former interpretation, 
although others might adopt the latter. 

The method of experiment was as follows: weighed quantities of 
the diamine hydrochloride and sodium nitrite were dissolved in water 
so as to form V/20-solutions ; these were subsequently diluted to give 
from 1/400, the maximum concentration, to V/800, the minimum 
concentration convenient for measurement. The dyestuff solution was 
made up originally of V/2000 strength, and subsequently diluted to 
about V/20,000. Ten c.c. of each of the reacting solutions, namely, 
the hydrochloride of the amine and sodium nitrite, were introduced 
into the “ fixed column”’ tube, and the whole well mixed, the solution 
of the dyestuff was poured into the variable column tube. Observa- 
tions were commenced as soon as the tint in the former was sufi- 
ciently deep for measurement, the height of the latter being about 
28 mm., and this was taken as the starting point or origin of co- 
ordinates. Measurements were made at intervals of two minutes 
until the rate began to diminish, which generally happened about 
twenty minutes after the first observation, or twenty-one to twenty- 
three minutes after the actual time of mixture. 

The unit of chemical change is taken as that amount of dyestuff 
formed, which corresponds with an increase of the moveable column 
(for the purpose of matching), expressed in terms of millimetres per 
minute. Thus, if Az be the difference in height of the moveable 
column, and A¢ the difference in time, then Ax/At=k is the factor of 
the rate of chemical change. A reference to the figures given in 
table I will serve to make the above text clear. 

The dyestuffs were obtained from Herr Griibler, of Leipzig, and 
the reacting substances of a high degree of purity from trustworthy 
firms, 
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Bismarck-brown from m-Phenylenediamine Hydrochloride and Sodium 
Nitrite. 


The investigations of Griess (Ber., 1886, 19, 317) and Schultz 
(Chemie des Steinkohlenteers., 2 Aufl., 2, 193) have shown that the 
principal ingredient or dyestuff in commercial Bismarck-brown is 
bisbenzeneazophenylenediamine hydrochloride, 

CoH [No*CgH,(NH,),].,4HCl. 
A solution of the dyestuff was made up of dilution V=21,000 on the 
assumption that the purchased sample contained 80 per cent. of the 


m. of above compound. It is not, of course, material that the concentration 
r to of the solution used as the standard should be accurately known if 
Hon, the rate of formation is taken in units of length and not in units of 
hon, dyestuff, The ratios of the factors would in both cases be the same, 
although the absolute numbers different. 

s of The original solutions of the m-phenylenediamine hydrochloride and 
ater sodium nitrite were made up of equivalent strength, namely, 
sive $(C,H,(NH,,HCl),] to NaNO, ; 
= the reaction between them commenced almost immediately after 
“— mixture, 

to One series of experiments is given in full in table I as illustrating 
ly, the method of working ; under I, the heights of the variable column 
ced of the Bismarck-brown solution expressed in millimetres, as deter- 
on mined at intervals of two minutes; under II, the differences, Aw, as 


ped illustrating errors of observation ; under III, these differences divided 

th by time, namely, Az/At, or k, the factor of chemical change. 

ut 

20- TABLE I. 

re Conditions of Experiment. 

y- 10 c.c. Sodium nitrite solution, V= 600 — 

10 c.c. m-Phenylenediamine hydrochloride solution, V= soo fmixe ; 

ff Bismarck-brown solution (standard), V= 21,000. 

. Temperature 11°. 

r 

| I. IL. II. I. II. III. 

Y 20 - — 124 14 7-0 

f 32 12 6-0 136 12 6-0 

7 45 13 6°5 148 12 6°0 
58 13 6°5 161 13 6°5 
71 13 6'5 175 14 70 

| 84 13 6°5 189 14 7°0 

é 97 13 6°5 201 12 6°0 
110 13 6°5 213 12 6°0 


It will be evident from the above figures that : (i) the error of each 
observation is + 1 mm.; (ii) in this particular case the reaction con- 
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tinued regularly for thirty minutes without slowing down, although 
under other conditions the diminution of velocity was observed at an 
earlier stage ; (iii) the rate of chemical change is a linear function of 
time, since Ax/At=constant=6°4. Of these points, only (iii) appears 
to require special comment. It appears probable that the chemical 
changes in question afford another example of a simultaneous linear 
reaction—to adopt a happy phrase of Jones and Richardson (Trans., 
1902, 81, 1146)—which involves the simultaneous production from 
one substance of at least two others, whilst the rate of formation of 
each of the latter is directly proportional to the amounts of the original 
substances present. 

The course of the reactions may be explained as follows: (i) the 
m-phenylenediamine hydrochloride at the dilution used is hydrolysed 
almost completely into the monohydrochloride and free hydrochloric 
acid (Trans., 1908, 93, 2134), and this last supplies the acid required 
to react with the sodium nitrite to form nitrous acid ; (ii) the acid 
reacts with the monohydrochloride to give the bisdiazo-compound, the 
one product ; (iii) this last reacts simultaneously, or nearly so, with a 
further portion of the monohydrochloride to give the bisazo-compound, 
the other product. These several reactions are expressible by the 


following equations : 


(i) C,H,(NH,Cl), + H,O = NH,Cl‘C,H,-NH,OH + HCl (initial 
hydrolysis). 
(ii) NH,Cl-C,H,-NH,OH + HCl + 2HNO, = C,H,(N,Cl), + 5H,0 
(phase i). 
(iii) C;,H,(N,Cl), + 2NH,Cl-C,H,;-NH,OH = 
C.H,[N,0,H,(N H,),],,4HC1 


(phase ii). 

It appears from experiments to be described at a future date that 
phase (i) is the governing factor, whether as regards its rate of 
formation or its subsequent decomposition when formed. 

But there is, of course, the obvious difficulty that there are two 
and not one substance initially present, namely, the monohydro- 
chloride and the nitrous acid (the hydrochloric acid appearing on 
both sides of the equations and being unaltered in mass), It may 
be possible that a bimolecular reaction behaves as if it were uni- 
molecular, a by no means unusual occurrence when reactions take 
place at very great dilutions, so that the net result is the same, as 
if one substance only were present. 

The secondary change alluded to in the previous and subsequent 
text as producing a gradual darkening in tint may be due to the 
formation of mononitroso-m-phenylenediamine hydrochloride, 

NO-C,H,(NH,C)),, 
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the conditions as to which have been studied, although not with great 
completeness, by ‘Tauber and Walther (Ber., 1900, 33, 2116). 

It is a further point of interest that Cain and Nicoll (Trans., 1903, 
83, 208) observed that the decomposition of certain naphthalene- 


nical diazonium salts conforms, during a certain initial period, to the linear 
a expression Aa/At=k, thus differing from the benzenediazonium salts, 
me. the decompositjon of which conforms to the logarithmic expression 
~— logA/A-ax=Kt. The diminution of velocity subsequent to the 
a-of expiry of the initial period results from a secondary change, namely, 
a the formation of naphthaleneazonaphthols, as evidenced also by the 
change of colour of solution. These authors noticed that the point of 
the change of rate depended on the mass of free hydrochloric acid, an 
sed excess of which hindered the formation of the azo-dyestuff. Although 
me this matter may possibly be foreign to the present inquiry, yet it might 
red be worth while to note that the author has had occasion to confirm 
cid this observation in the case of certain benzenoid azo-dyestuffs. It is 
he hoped that the conditions of the rate of formation of other azo-dye- 
. stuffs, both from benzene and naphthalene, may be the subject of a 
d, further investigation. 
as But however all this may be, it is at least curious that an apparent 
chaos of chemical change should converge towards simplicity. 
7 
Effect of Concentration. 


The effect produced by altering the concentration was studied in a 
series of experiments at the same temperature, namely, 11°. For the 
purpose of avoiding figures, so frequently identical, the results in 
abstract“only are collected in the following table; under I are given 
the concentrations of reacting substances, both being equal, expressed 
in litres/gram-equivalents ; under II, the number of observations 
while the reaction proceeded in its normal course, and under III, the 
mean value of & deduced from these observations. 


Taste II. 


I. Il. Ill. 
400 5 170 
500 7 12°4 
600 15 6°4 
700 9 4°6 
800 10 2°2 


From the above results it is evident that the rate decreases rapidly 
‘with dilution or increases with concentration; the former is a 
logarithmic function of the latter. Thus if X, is the factor for unit 
‘concentration, namely, V=800, the factor X, ata greater concentra- 
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tion, Cn, can be calculated from the expression Ky,=X,C,,7*, oy 
logX, = log K, + 2°8logCn. 

The results are collated in the following table; under I are given 
the values of C, namely, the reciprocals of V taken in terms of the 


Fig. 1. 


yA 
7 


lowest ; under II, the values of X, found, and under III, those 
calculated by means of the above expression. 


Tas.e III, 


1 1 

1 1 
The degree of concordance of the values isas near as can be 
expected, having regard to the fact that for each observation there is 


a possible error of +1 mm. in the readings. The graphs are given in 
Fig. 1, the heights taken as ordinates and times as abscisse, 


28 


given 
of the 


s or 
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Effect of Temperature. 


As the temperature of the apparatus could not be conveniently 
regulated by any form of thermostat, advantage was taken of warmer 
weather and increased artificial warming of the working room. In 
these sets of experiments determinations were also made of the total 
amount of dyestuff, called “‘ range” for abbreviation, which could be 
formed under the conditions, one hour being taken as the time- 
limit. 

The results in abstract are set out in the table below ; under I are 
given the values of concentration ; under II, the temperatures ; under 
III, the number of observations; under IV, the mean values of K, 
and under V, the ranges expressed in millimetres. 


TABLE IV. 


i. IL. III. IV. ¥. 
500 — = — 590 
600 17 6 16°6 490 
700 16 11 10°3 441 
800 17 8 6°2 366 


It was not found possible to work with the most concentrated 
solution, V= 400, as the rate was too rapid for accurate working, and 
the tint obtained at the end of the hour modified, as previously 
observed, by the secondary change. On comparison of the values of 
K given in table IV with those in table II, it appears that the rate 
is a logarithmic function of absolute temperature in uccordance with 
Esson’s formula ; K,/K=(7',/7')",or logX, — log K = m(log7’, —log7’). If 
the value of m is taken as 45°5, the found and calculated results 
compare as under. 


TABLE V. 
V=700. 


V=600. 


V=800. 


i K K K - 2. K es 
Temp. (found). (cale.). Temp. (found). (cale.). Temp. (found). (calc.). 
ll 2°2 2°4 11 4°6 4°6 11 6°2 6°2 


10°83 10°3 17 16°6 16°6 


6°2 16 


17 6°2 


From the observations, the reaction was found to proceed normally 
for about twenty mirutes, when about 40 per cent. of the total 
amount of dyestuff had been formed ; it then decreased slowly. Thus, 
in the case of concentration V=700, the amount of dyestuff formed 
after twenty-two minutes was 235 units in millimetres; after thirty 
minutes was 310 units, with a mean value of X=8:0 (instead of 10°3) 
during period of eight minutes, and after sixty minutes, was 441 
with a mean value of K of 4:4 during period of thirty minutes, 
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The results are given in the graph, Fig. 2, as a single instance : 
those obtained in the other sets are of precisely similar type. 


The range appears to be a linear function, an increase of 0:95 


Fie. 2. 


corresponding with an increase of 70 units, as shown in the following 


table. 
TABLE VI. 


Range (found), Range (calc. ). 
366 366 
440 436 
490 506 
590 576 


The greatest difference between the observed and calculated values 
is less than 5 per cent., which is well within the probable limit of 
appreciation of differences in tint of highly coloured solutions. 
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Effect of Addition of Hydrochloric Acid. 


In certain cases the effect was studied which was produced by 
purposely adding to the mixed solutions of sodium nitrite and 
m-phenylenediamine hydrochloride small quantities, namely, 0‘l to 
0:2 ¢.c., of a V/10 solution of hydrogen chloride. The results, namely, 
values of X obtained, of two sets of experiments are given below; in 
both the concentration was the same, namely, V= 800, and the tem- 
perature 11°, but in (i) 0°1 ec. and in (ii) 0°2 ¢.c. of W7/10-hydrochloric 
acid were added. 

Taste VII. 
(II.) 


SNwr eo 
SSOAAAS | 


The results, taken as typical, show that the addition of hydrochloric 
acid produced an initial acceleration, the value of X being ap- 
proximately doubled by the addition of acid (compare result in table 


Il), but the range or limiting value is decreased in that the reaction 
sooner comes to an approximate end. 

As regards the latter point, the above results are in accordance with 
the observations of Goldschmidt (loc. cit.) and general experience ; 
they are the exact converse, as would appear a priori probable, of the 
results obtained by Cain on the effect of excess of acid on the rate of 
decomposition of diazonium salts (Ber., 1905, 38, 2513), which showed 
an initial lag (compare Trans. Faraday Soc., 1909, 5, 8). 


Effect of Sulphuric Acid. 


The effect produced by this acid was so very similar to that of 
hydrochloric acid that it appears unnecessary to give the details of 
the experiments in full; possibly the sulphuric acid merely serves to 
displace some hydrochloric acid from the hydrochloride, so the final 
net result would be the same for both acids. 


Effect of Acetic Acid. 

The results, namely, values of X, obtained in two sets of experi- 
ments are given below; in both the value of /=800 was the same, 
and the temperature identical, 16°, but in (i) 0°05 ¢.c, and in (ii) 
0'l c.c. of V/10 acetic acid were added. 

VOL, XCV. 41 
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Taste VIII. 
(I1.) 


NT 00 STATI CO 
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On comparison of these results with those obtained with same con- 
centration, but without addition of acetic acid, it appears that this acid 
produces only a slight acceleration as compared with mineral acids, 
the values found being : (i) without acid, temp. = 17°, K=6°2 ; (ii) with 
acid," temp. = 16°, X=8-5 ; the general trend of the reaction is similar 
to that observed in the case of hydrochloric acid. 

These results are not in accordance with the observations of 
Goldschmidt, who found that weak acids, such as acetic, produced a 
very marked acceleration. 


Effect of Varying Concentration of one Reagent Only. 


Two sets of experiments were conducted to study this effect, the 
concentration of one reacting substance being taken as double that of 
the other. The results are given below. 


TABLE IX, 
(I.) (II.) 
Concentrations. Concentrations. 
Sodium nitrite, V=400. V=s00. 
Hydrochloride, V=800. V=400. 
Temp. 11°. Temp. 11°. 
x. R. 


z 
1 
1 
1 
1 


3° 
9° 
2° 
9: 
3 
&- 
6° 
6° 
6° 


wWrr O1O OOO OC 
SAnNsscodoansd 


In both cases the rate is initially accelerated, but remains constant 
for a shorter period of time. The effect is the more marked when the 
hydrochloride is in excess, in which case it is analogous to that 
produced by free hydrochloric acid ; this is to be expected, as with the 
greater mass of hydrochloride a greater mass of hydrochloric acid is 
liberated by the process of hydrolysis. 
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Vesuvine from m-(2:4)Tolylenediamine Hydrochloride and Sodium 
Nitrite. 


The formation of the above dyestuff, vesuvine or Manchester- 
brown, is quite analogous to that of Bismarck-brown, the main 
product being bistolueneazotolylenediamine hydrochloride, 

C,H,Me[N,°C,H,Me(NH,), |,,4HCl. 

A solution of the dyestuff was made up of approximate strength 
V=20,000 ; the conditions and methods of working were identical 
with those described in the preceding section. 

In the following table the results obtained are given in abstract ; 
under I, the concentrations, both being equal, of the reagents ; under II, 
the number of observations made while the change proceeded uniformly ; 
under III, the values of X obtained, and under IV, the total range 
when its measurement was possible. The temperature was 15°, except 
in first series, when it was 16°, 


TABLE X, 


I, II. ° IV. 
400 4 _ 
500 . 7 215 
600 4 : 188 
700 ee s 165 
800 3 130 


The values of X as calculated from the logarithmic expression 
K, = K,C;,’*, and the ranges as from the linear expression A = 29 units 
for each increase of 0°25 concentration, are compared together in the 
following table. 

TasLe XI. 


K,, (found). Ky, (eale. ). Range (found). tange (calc.). 
2°5 130 130 
: 165 159 
188 188 
i 215 217 
1 . 


The rather high value of X obtained in the last case can probably 
be accounted for by slightly high temperature, namely, 1°; otherwise 
the concordance is within the errors of observation. On comparison 
with the results given in the preceding section, it is evident that 
(i) the rate is slightly less for the toluene than for the benzene 
derivative, the difference of temperature, namely, 4°, being taken into 
account, and (ii) the range or total amount of dyestuff capable of 
being formed is considerably less. It was further observed that 

412 
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bubbles of nitrogen gas more readily appeared, pointing to an initial 
decomposition of the intermediate diazonium salt. 

The interpretation would appear to be that, in the case of the toluene 
derivative, the rate of formation of the diazo-compound is relatively 
greater than the consequent formation of the azo-compound ; the 
proportion, as also the amount of the latter, would therefore be 
diminished. As regards the greater tendency of the former to 
decompose, it appears from the observations of Cain and Nicoll (Trans,, 
1902, 81, 1412 et seg.) that the rate of decomposition of o-toluene- 
diazonium chloride is greater, but that of the p-salt less, than that of 
benzenediazonium chloride. Whether the steric furtherance of the 
amino-group in the ortho-position with respect to the methyl group is 
greater than the steric hindrance of the amino-group in the para- 
position, is a matter of probability, although, not perhaps, of 
certainty. 


Effect of Addition of Hydrochloric Acid. 


The results obtained in four sets of experiments are given below. 


TABLE XII. 


Volume 600 600 500 
Hydrochloric acid added... 0°2 c.c. OZeac. 10cc. 0°2 c.c. 
4°5 17 14 20 
3°5 10 nil 9 in 28 minutes 
3°0 nil — tate 
nil o _ — 

The above results show that, as regards the formation of vesuvine, 
the addition of hydrochloric acid produces a very marked initial 
accelerating effect, but a permanent retardation, the reaction soon 
coming to a conclusion ; this likewise points to a decomposition of the 
intermediate diazonium derivative, preferentially to its further reaction 
to form the azo-derivative. 


Effect of Varying Concentration of One Reagent Only. 


The results are given below for two sets of experiments. 


TasLE XIII. 


Temperature 16°. 
Concentrations. 


Sodium nitrite... 
Hydrochloride ... 


initial 


luene 
Lively 
; the 
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These results are perfectly analogous to those obtained in the case of 
Bismarck-brown (compare table IX). 


Summary. 


(i) The rate of formation, as studied by a tintometric method, of azo- 
compounds from benzenoid diamine hydrochlorides and sodium nitrite 
is conditioned by the hydrochloric acid and monohydrochloride 
liberated by hydrolysis. It is probably an example of a simultaneous, 
linear reaction, expressed simply as Aw/At =k. 

(ii) The total amount of dyestuff capable of being formed, or range, 
is a linear function, but the rate a logarithmic function of the con- 
centration expressed as logX, = logX, + alogC’,, in which a is a constant 
to be evaluated from the results. 

(iii) The rate is a logarithmic function of absolute temperature 
according with the expression K,/k=(7'/¢)”. 

(iv) The addition of hydrochloric acid produces an initial accelera- 
tion, but a total retardation, the reaction sooner coming to an end, and 
consequently the amount of dyestuff capable of being formed is 
thereby diminished. Other acids, such as sulphuric and acetic, produce 
a like effect, but in a different degree. 

(v) The effect of varying the concentration of one reagent is to 
increase the rate; this is more marked when the hydrochloride is in 
excess, and is, doubtless, the result of the greater mass of hydrochloric 
acid liberated by hydrolysis. 

(vi) The substitution of hydrogen by the methyl group (comparison 
of phenylene- and tolylene-diamines) causes a slight decrease in rate, 
but a considerable decrease in the total amount of dyestuff capable of 
being formed. 

It is considered probable that this is a result of the more ready 
decomposition of the intermediate diazonium compound in the case of 
the latter than in that of the former. It is proposed to continue this 
line of investigation. 
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CXXXIV.—The Molecular Weight of Tetraethyl- 
ammonium Bromide and the Atomic Weight 


of Carbon. 


By ALEXANDER Scott. 


TWELVE years ago (Trans., 1897, 71, 550) I called the attention of 
the Society to the discrepancies existing amongst the various determi- 
nations of the atomic weight of carbon, The determinations which 
depend on the combustion of diamond, of graphite, and of pure 
charcoal by Dumas and Stas, by Erdmann and Marchand, by Roscoe, 
by C. Friedel, and by van der Plaats agree extremely well with one 
another and with the atomic weight deduced by physico-chemical 
methods from the vapour densities of several carbon compounds, 
These all point to the value C=12°00 if O=16°00. On the other 
hand, we have the elaborate and classical research of Stas on the con- 
version of carbon monoxide into the dioxide, in which both the oxygen 
required and the carbon dioxide produced were weighed. From this 
research, in which quantities of carbon dioxide weighing from 23 to 67 
grams were produced in each experiment and after correction to vacuum 
standard, I showed (/oc. cit., p. 559) that C= 12°035 if we assumed the 
copper oxide to be quite pure and free from all nitrogen and nitrogen 
oxides. As it was prepared from the nitrate this was most unlikely, 
and allowing for the minimum amount of nitrogen at all probable, the 
value becomes C=12°050. The values deduced by Liebig and 
Redtenbacher and others, depending on the content of silver in various 
silver salts of organic acids, tend to high values ; taking the malate 
as an example, C=12°065. This is, however, probably due to the 
volatility of silver at high temperatures. 

Amongst the various methods which I suggested in 1897 (loc. cit., 
p. 564) as being able to afford fresh and distinctive evidence of a 
valuable and extremely accurate nature was that of the titration of 
the hydrobromides of various organic bases against pure silver. This 
method had already been attempted (Dewar and Scott, Proc. Roy. 
Soc., 1883, 35, 347) with triethylamine. The difficulty of obtaining 
pure triethylamine, absolutely free from bases with lower and with 
higher molecular weights, together with a slight tendency of the 
hydrobromide to hydrolyse, prevented the attainment of results 
having the degree of concordance and accuracy we had hoped for. 
The employment of the tetra-alkylammonium bromides, as we then 
recognised, is much to be preferred, both because they are, rela- 
tively speaking, extremely stable, and are remarkably easy to purify 
in quantity. 


a= 4nmS &SlU<«CO]Clr 


TETRAETHYLAMMONIUM BROMIDE, ETC. 1201 


The preliminary results which I now have the honour to bring 
before the Society are those made with tetraethylammonium bromide. 
This salt is peculiarly well adapted for a research of this nature, as its 
molecule contains no less than eight carbon atoms for each atom of 
bromine, and therefore for each atom of silver; we ought thus to be 
able to determine the atomic weight of carbon with an accuracy almost 
unparalleled even in such investigations. The salt is but slightly 
hygroscopic, and is stable up to about 150°, so that it can be thoroughly 
dried. If the temperature be raised so as to decompose the salt, as 
was done in experiment V, no real harm is done, as the products, 
ethyl bromide and triethylamine, are both easily volatile at a much 
lower temperature. If the bromide be converted into the hydroxide, 
pure triethylamine can readily be obtained, and by direct combination 
of this with pure ethyl bromide a new specimen of the tetraethyl- 
ammonium bromide is prepared entirely from very volatile constituents, 
and thus a severe and crucial test can be applied to the purity of the 
salt. By adding bromine to the aqueous solutions of the bromide, the 
very insoluble perbromide is precipitated. This is also very easily 
purified, and from it the bromide is readily regenerated by boiling 
with dilute formic acid, thus : 

(C,H,),N Br, Br, + H°CO,H = (C,H,),N Br + CO, + 2HBr. 

The tetraethylammonium bromide employed in these experiments 
was prepared by mixing ethyl bromide and strong aqueous ammonia 
with almost enough absolute alcohol to retain the ethyl bromide in 
solution, Small quantities of a strong aqueous solution of sodium 
hydroxide, prepared from metallic sodium, were added at intervals 
of about a week, until a small excess of it remained. ‘The reaction 
and the proportions employed may be represented thus : 


40,H,Br + NH, + 3NaHO =(C,H,),N Br + 3NaBr + 3H,0. 


Even by adding the soda in small portions as above, some of the 
ethyl bromide is, by means of the alcoholic soda, converted into ether. 
The yield, however, is fairly good, as from about 1830 grams of ethyl 
bromide, 780 grams of pure bromide were obtained, instead of 880 as 
indicated by theory. This was after keeping for about six weeks at 
the ordinary temperature. 

The salt is very readily freed from the sodium bromide simultane- 
ously produced, as it readily dissolves in, and crystallises from, abso- 
lute alcohol, in which solvent sodium bromide is practically insoluble. 
The addition of anhydrous ether to the solution in absolute alcohol 
precipitates the bromide as a very fine white powder, easily separated 
and dried. Any sodium bromide with which it may be contaminated 
in solution seems to remain almost entirely with the alcohol. The 
only impurity detected in the preparation employed in the following 
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experiments was ammonium bromide, and this (as well as sodium 
bromide) ought to tend to lower very considerably the equivalent of 
the salt, and to give too low a value for the atomic weight of carbon 
deduced therefrom. The ammonium bromide was, however, only 
detected in the final mother liquors and the last crop of erystals. 

The method employed to determine the molecular weight of the 
bromide was in every way identical with that I adopted in determining 
the molecular weight of ammonium bromide, and the same sample of 
pure silver, prepared by means of ammonium formate, was used 
throughout (Trans., 1901, 79, 147). A known weight of the silver, 
after ignition to redness in a pure silica crucible and cooling in a 
current of pure hydrogen, was transferred to a stoppered bottle, and 
dissolved in pure nitric acid by keeping it on the water-bath for 
one and a-half hours. After cooling, the internal pressure is less than 
the atmospheric pressure, so that the stopper is readily washed into the 
bottle, which, after dilution of its contents, was again left on the water- 
bath for two to three hours until all nitrous acid and nitrogen oxides 
were expelled. After cooling once more, the carefully weighed quantity 
of the salt in almost exactly equivalent proportion was added in aqueous 
solution. After thorough clarification by vigorous shaking, the excess 
of silver or of the bromide remaining in solution was determined by 
means of standard solutions, which contained exactly 1 gram of 
metallic silver or its equivalent amount of potassium bromide per 
kilogram of solution. Each gram of solution was, therefore, equal to 
1 milligram of silver, and one drop to 1/20th of a milligram. By 
this means it it easy to determine with a little practice the end 
point with an error not exceeding 1/10th of a milligram, or two drops 
of the solution. 

The determinations are given in the order in which they were made, 
with notes as to the purification and treatment of the various 
samples. 

A quantity of salt which had been three times crystallised from 
alcohol was dissolved in absolute alcohol, and the crystals which 
separated were reserved (expts. V and VI). The salt remaining 
in solution was precipitated in two fractions by the addition of 
anhydrous ether. It was thought that the first portion might contain 
any of the more insoluble impurities which might possibly be sitill 
present. The second, and much larger portion, was, therefore, taken 
first and titrated with the following results : 507039 grams of salt, 
dried in a vacuum, were exactly equivalent to 2°60146 grams of silver, 
whence it follows that N(C,H,),Br = 210-360 (I). 

Another portion of the same fraction, dried at 100° in a gentle 
current of air for six hours, gave 5°26380 grams of salt =2°70142 
grams of silver, hence N(C,H,),Br = 210°305 (II). 
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The remainder of this fraction was now dissolved in alcohol and 
precipitated by ether; this treatment was once more repeated, and 
after drying at 100°, it was found that 7:10662 grams of salt 
=3'64683 grams of silver, whence N(C,H,), Br = 210°325 (III). 

The small fraction first precipitated from the solution was now 
titrated, when it was found that after drying at 100°, 6°79951 grams 
of salt =3°48976 grams of silver, and N(C,H,), Br=210°293 (IV). 

It was thought possible that these high numbers might have been 
caused in some way by the ether employed. The pure crystals above 
referred to as reserved were now dissolved in alcohol, and the crystals 
which separated were finély powdered and dried, first at 100° and 
then unfortunately (or perhaps fortunately), by the water-bath 
becoming dry, the crystals were heated until about 10 milligrams 
of the salt had been decomposed (160—170°). This portion had had 
no treatment with ether whatever, and weighed 2°72225 grams, 
requiring 1°39695 grams of silver, whence N(C,H,),Br = 210°330 (V). 

To the mother liquor from these crystals dry ether was now added, 
when 6°24530 grams of the dry salt thus obtained were found to 
be exactly equivalent to 3:20481 grams of silver, and N(C,H,),Br= 
210°326 (VI). 

These two experiments seem to prove absolutely that the precipita- 
tion by ether has no effect on the purity of the salt, and that the 
uniformly high equivalent found is not due to adherent mother liquor, 

The main quantity of the salt (about 500 grams) was now dissolved 
in alcohol, and the crystals which separated were collected, washed 
twice with alcohol, and redissolved, and this process repeated four 
times until only 40 grams remained. These were once more dissolved 
in hot alcohol, when 19°2 grams separated out on cooling, Of this 
sample, 5°74581 grams required 2°94853 grams of silver, whence 
N(C,H,), Br = 210°323 (VII). 

The addition of dry ether to the solution precipitated 19°7 grams, 
of which 5°21663 grams required 2°67699 grams of silver, giving a 
value for N(C,H;),Br = 210°321 (VIII). 

The mean of the first six experiments gives the value of 210°324, 
almost identical with that of the very pure specimens in experiments 
VII and VIII, one of which had been many times crystallised from 
alcohol, whilst the other had been precipitated by ether, the mean of 
these two being 210°322. 

The value for the molecular weight of ammonium bromide against 
the identical sample of silver was 97°995. By simple subtraction and 
thus completely eliminating the atomic weights of bromine and nitrogen, 
we arrive at the equivalent of a hydrocarbon, C,H,,, which is the first, 
as far as I know, that has been determined with a high degree 
of accuracy by purely chemical methods. 
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We have, therefore : 


210°323 


Tetraethylammonium bromide, C,H,NBr = 
r= 97°995 


Ammonium bromide, H,NB 


112°328 
(H=1-0075) 


A small quantity of tetramethylammonium bromide was prepared 
from a very pure specimen of the iodide by treatment with silver 
oxide, and neutralising the solution of the hydroxide obtained with 
pure hydrobromic acid. This salt crystallises well from water, and is 
much less hygroscopic than the corresponding ethyl salt, and resists 
a considerably higher temperature. Of this sample crystallised from 
water, 8°64585 grams required 6:05348 grams of silver, whence 
N(CH,),Br = 154150 and C,H,=56°155. This with H, =8-060 gives 
C, = 48°095 and C= 12°024. 

All the foregoing weighings are corrected for errors in the face 
values of the weights, and are reduced to vacuum standard. The 
equivalents given above are calculated for Ag=107‘93, as they are 
then more easily comparable with the work of Stas and others. This 
value is in all probability notably high, and taking the value 107°88 
for the atomic weight of silver, we get the following values : 

NH,Br = 97°950 
N(CH,),Br = 154:079 and C = 12:017 
N(C,H,),Br = 210°226 and C = 12°019 


The value 107°88 can hardly be regarded as the final value for 
the atomic weight of silver, but any further lowering of this value 
cannot have much effect on the number obtained for the atomic 
weight of carbon determined in this way. 


Tur DAvy-FARADAY LABOKATORY 
OF THE RoyAL INSTITUTION. 


CXXXV.—The Synthesis of Substances Allied 


to Cotarnine. 


By Artuur Henry Satway. 


In the course of a recent investigation on the constituents of the 
essential oil of nutmeg (Power and Salway, Trans., 1907, 91, 2037), 
amongst other compounds, a considerable quantity of myristicin was 
isolated. It seemed probable that this substance would serve 48 
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SUBSTANCES ALLIED TO COTARNINE. 


a convenient starting-point for the synthesis of cotarnine, the 
constitution of which has been the subject of considerable discussion. 
Roser (Annalen, 1888, 249, 156), on the one hand, in consideration of 
the fact that cotarnine behaves both as an aldehyde and a secondary 
amine, assigns to it the formula (I), whilst its hydrochloride, which 
is formed with elimination of the elements of water, is given the 
formula (II), Decker (J. pr. Chem., 1893, [ii], 4'7, 222), on the other 
hand, draws attention to the improbability of the co-existence of an 
aldehydic residue and a secondary amino-group in the same molecule, 
and points out that Roser’s formula does not explain why cotarnine is 
precipitated from its hydrochloride in the aldehydic form, or why 
hydrocotarnine (III) is converted into cotarnine on oxidation. For 
these reasons, Decker proposes formula (1V). 


‘i or \cH,-CH, NHMe oH 0/ YOR GBs 
“Sol Jono Sol lon=NMect 
Th / 
OMe OMe 
(I.) > ) 
on,<0/ OB eHs on oe 
2 ‘ 2 
O\ CH, NMe OW cH(oHy NM" 
OMe OMe 


(III.) (IV.) 

With the object of effecting the synthesis of cotarnine from 

myristicin, the first experiments consisted in preparing methoxy- 

methylenedioxy-a-hydrindone, which was obtained according to the 
following scheme of reactions : 


oN A \qo 
CH <0 ‘we CH. an oo CH:CO,H 
Wa > 
OMe OMe 


8-Methoxy-4 : 5-methylenedioxy- 
cinnamic acid, 


| 
V 


/\on- CH. 
oH,<0/ OH: CH, CO,H 


Myristicinaldehyde. 


o/ Nou, 
CH <ol 00-7 sine 


OMe OMe 
Methoxymethylenedioxy- a- B-3-Methoxy-4 : 5-methylenedioxy- 
hydrindone. * phenylpropionic acid. 


* Of the two possible formule for methoxymethylenedioxy-a-hydrindone, namely: 
Pre 


i 
CHOC 00> oH: and ou) > cH, 


OMe 
the former has been adopted throughout this communication. 


The same applies to 
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Attempts to convert the oxime of methoxymethylenedioxy-q. 
hydrindone into 1-hydroxy-8(5)-methoxy-6 : 7-methylenedioxydihydro. 
isoquinoline by means of the Beckmann transformation were un- 
successful, so that the synthesis of cotarnine from this compound 
by subsequent methylation and reduction could not be effected. 

A further attempt to apply the Pomeranz (Monatsh., 1893, 14, 
118; 1894, 15, 301) csoquinoline synthesis to myristicinaldehyde was 
also unsuccessful, because the condensation of myristicinylidene- 
aminoacetal could not be effected on account of the readiness with 
which the substance is reconverted into its components, myristicin- 
aldehyde and aminoacetal. In order to obviate this disruption of the 
molecule, myristicinylideneaminoacetal was first reduced to myristi- 
cinylaminoacetal, 

/OH,NH-CH,*CH(OEt), 


b 


and the latter then subjected to the action of sulphuric acid and other 
condensing agents under varied conditions. Im this case, also, the 
reaction did not proceed in the desired direction, and only resinous 
products were formed. 

Finally, some experiments were conducted which led to the synthesis 
of a number of substances allied to cotarnine. It was necessary, in 
the first place, to prepare 2(6)-nitro-3-methoxy-4 : 5-methylenedioxy- 
cinnamic acid, and for this purpose myristicinaldehyde was converted 
by means of sodium and ethyl acetate into 3-methoxy-4 : 5-methylene- 
dioxycinnamic acid; the action of nitric acid on this substance, 
however, leads to the displacement of the carboxyl group by a nitro- 
group, and at the same time a nitro-group is introduced into the 
nucleus : 


0% \CH:CH-CO,H 0 \CH:CH-NO 
CH:<ol ; — O8 ‘So\_ no, : 


OMe OMe 


.A second method for the preparation of 2(6)-nitro-3-methoxy-4 : 5- 
methylenedioxycinnamic acid was more successful. Myristicinaldehyde 
(V) oa nitration yields a mixture of 5-nitro-1-methoxy-2 : 3-methylene- 
dioxybenzene and nitromyristicinaldehyde (VI) (this vol., p. 1160), the 
latier of which readily condenses with sodium acetate and acetic 
anhydride with the formation of 2(6)-nitro-3-methoxy-4 : 5-methylene- 
dioxycinnamic acid (VII). 


the alternative formule in the case of nitromethoxymethylenedioxycinnamic acid, 
ketomethoxymethylenedioxydihydroquinoline, oxyisocotarnine, etc. 


lioxy-a. 
ihydro. 
re un- 
pound 
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‘idene- 
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Methyl 2(6)-nitro-3 -methoxy-4:5-methylenedioxycinnamate is readily 


reduced to the corresponding amino-compound, which, in the presence 


0’ \NcHO oS CHO 
CH, <6} | sail CH Xo Ls 0, > 


OMe 
(V.) (VI.) 
of \\cH:CH-CO,H 
CH wo! INO, 
‘Wee 
(VII.) 


of acids, is transformed into 2-keto-8(5)-methoxy-6 : 7-methylenedioxy- 
1: 2-dihydroquinoline (VIIT). 


- <of Yee: CH-00,Me on \\CH:CH-CO,Me 
\ NO, ol Nu, i 
bd 
Vite OMe 
on.<0/ \CH:CH 
<I \_ /XH-CO 
~% 
(VIII. ) 
2-Keto - 8(5)- methoxy-6 : 7-methylenedioxy- 1 : 2 - dihydroquinoline 


is of considerable interest on account of its relationship to cotarnine 
(X). If the formule of the two substances are compared, it would 
appear possible to convert the former by reduction and methylation 
into an isomeride of cotarnine, which might appropriately be 


designated isocotarnine (IX). 


<i CH me SC Non, -CH, 
Jatt -CO SMe GH-OH 
Ye 
Pi 4 (IX.) 


—— CH, 
oH Boy ‘NMe 
OMe 
(X.) 

2-Keto-8(5)-methoxy-6 :7-methylenedioxy-1 :2-dihydroquinoline, how- 
ever, polymerises so easily on reduction, either in acid or in alkaline 
solution, that it was found impossible to prepare the unimolecular 
reduction product. In this respect its behaviour is similar to that of 
carbostyril itself towards reducing agents, as Friedlander and Miiller 
(Ber., 1887, 20, 2012) have shown. In order to avoid this polymerisa- 
tion, 2-keto-8(5)-methoxy-6 : 7-methylenedioxy-1 : 2-dihydroquinoline 
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was methylated, and yielded, according,to the conditions of the reaction, 
either an O- or a N-methyl ether. By the reduction of the latter 
compound, oxyisocotarnine (XI) was obtained. 


on, <or \cH:¢H _ <r cH=CH 


NH:-CO mop \ Me Go —> 
OMe ‘ 


sei u<Z ) CH,-CH, 


ZN Me co 


‘er. 
(XI.) 


All efforts to reduce this compound to isocotarnine were unsuccessful, 
The physiological action of the above-mentioned substances is at 


present under investigation. 


EXPERIMENTAL. 
Preparation of Myristicinaldehyde. 


Myristicin (5 parts) was heated for twenty-four hours on the water- 
bath with a solution of potassium hydroxide (4 parts) in 15 parts of 
alcohol, whereby a quantitative yield of isomyristicin was obtained 
(compare Semmler, Ber., 1891,-24, 3818 ; Thoms, Ber., 1903, 36, 3446). 
The latter substance, in portions of 10 grams at a time, was then 
shaken into an emulsion with water at 60°, and a solution of 20 grams 
of potassium permanganate in 500° c.c. of water gradually added with 
constant agitation, the temperature being kept at 60—65°. After 
all the permanganate had been added, for which about an hour was 
necessary, the mixture was cooled, filtered, and the manganese pre- 
cipitate well washed with cold water. The precipitate, which contained 
the myristicinaldehyde, was dried on a porous plate, and afterwards 
extracted in a Soxhlet apparatus with chloroform. The chloroform 
extracts from several such oxidations were united, the solvent removed, 
and the solid residue well washed with cold ether to remove unoxidised 
isomyristicin. The yield of myristicinaldehyde was 40—45 per cent. 
of the isomyristicin employed. A quantity of myristicinic acid, varying 
from 15 to 20 per cent., was always formed by the oxidation, and 
could be obtained by acidifying the filtrate from the manganese 


precipitate. 
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action, 


latter 3-Methowy-4 : 5-methylenedionycinnamic Acid, 


0% \CH:CH:CO,H 
CH<o| | ‘- 
a 

OMe 


One hundred and fifty grams of myristicinaldehyde were dissolved in 
400 grams of ethyl acetate, and to this solution 37°5 grams of sodium, 
finely divided by vigorous agitation with boiling toluene, were added. 
The violent reaction which immediately ensued was moderated by 
cooling the mixture. When the action had subsided, the mixture was 
kept at the ordinary temperature for some time, after which the 


ssful, product was hydrolysed by heating for half an hour with an excess of 

1s at alcoholic potash. The alcohol was then removed as completely as 
possible, water added, and the alkaline liquid extracted with chloroform 
to remove resinous matter. On acidifying with dilute sulphuric acid, 
a grey precipitate was obtained, which was crystallised from glacial 
acetic acid. The yield of methoxymethylenedioxycinnamic acid was 
137 grams ; 

ton. 0:1342 gave 0:2914 CO, and 0:0554 H,O. C=59:2; H=4°. 

: of C,,H,,0; requires C=59'5 ; H=4°5 per cent. 

ned 3-Methoxy-4 :5-methylenedioxycinnamic acid is readily soluble in hot 

6). acetic acid, from which, on cooling, it crystallises in well-formed, 

len colourless, prismatic needles, sintering at 220° and melting and 

ms decomposing at 228°. It is only moderately soluble in boiling alcohol, 

ith and is deposited from this solvent in thin, flat plates. It is practically 

er insoluble in water and only very sparingly soluble in ether. 

as 

* 

ad B-3-Methoxy-4 :5-methylenedioxypropionic Acid, 

ls VAN . “Ci 

: CH,<?} CH, CH, CO,H 

i bt 

j OMe 


Fifty grams of 3-methoxy-4 : 5-methylenedioxycinnamic acid were 
dissolved in dilute sodium hydroxide, and reduced with 800 grams of 
sodium amalgam (4 per cent.) at the ordinary temperature. The liquid 
was mechanically stirred throughout the reduction, whilst the 
accumulation of alkali in the mixture was prevented by the periodic 
addition of hydrochloric acid. At the end of the reaction the alkaline 
liquid was acidified and the precipitated oil extracted with ether, when, 
on evaporating the solvent, a viscid, brown oil was obtained. This 
solidified after long keeping, and was then crystallised from benzene 
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and alcohol. The yield of this substance amounted to 60 per cent, of 
the 3-methoxy-4 : 5-methylenedioxycinnamic acid employed : 

0°1300 gave 0°2804 CO, and 0°0672 H,O. C=588; H=5-7, 

C,,H,,0,; requires C=58'9 ; H=5-4 per cent. 

B-3-Methouxy-4 : 5-methylenedioxypropionic acid is only sparingly 
soluble in benzene, light petroleum, or chloroform, but it is readily 
soluble in ether, ethyl acetate, or hot water, and extremely so in 
alcohol, acetone, or acetic acid. It crystallises with difficulty. If 
dissolved in hot benzene to which a few drops of alcohol have been 
added, it is deposited, after a long time, in hard, colourless, crystalline 
nodules melting at 124—125°, 


Methoxymethylenedioxy-a-hydrindone, CH,<O 
‘\ 


Twenty grams of £-3-methoxy-4: 5-methylenedioxypropionic acid 
were dissolved in boiling benzene (300 c.c.), and 100 grams of 
phosphoric oxide gradually added with constant agitation. The 
mixture was heated for several hours on the water-bath, after which 
the dark red phosphorus compound was removed by decantation and 
decomposed by adding ice-water. The aqueous mixture was extracted 
repeatedly with ether, the ethereal solution washed successively with 
sodium hydroxide and water, dried, and the ether removed. A pale 
yellow, crystalline solid remained, which separated from alcohol in 
slender, colourless needles, melting at 141—142°: 

0°1256 gave 0:2967 CO, and 0:0575 H,O, C=64:4; H=5-l. 

C,,H,,0, requires C=64'1 ; H=4°9 per cent. 

Methoxymethylenedioxy-a-hydrindone is easily soluble in ether and 
beuzene, and crystallises from these solvents in well-formed, prismatic 
needles. The oxime, prepared in the usual way, is only very 
sparingly soluble in hot alcohol or ethyl acetate, and crystallises from 
these solvents in small, colourless needles, decomposing at about 250°. 
In benzene, ether, chloroform, or light petroleum it is practically 
insoluble : 

0°1057 gave 0°2320 CO, and 0:0496 H,O. C=59:9; H=5-2. 

C,,H,,0,N requires C=59'7; H=5-0 per cent. 

The Beckmann transformation could not be effected in the case of 
this oxime ; phosphorus pentachloride, in the presence of dry ether, is 
without any action on it, whilst with the use of benzene as solvent, on 
heating, a vigorous reaction ensues, with the formation of a carbonaceous 
mass, from which nothing definite could be isolated. Other reagents, 
such as sulphuric acid, phosphoric oxide, and acety] chloride, were also 
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employed, but in no case was it possible to isolate any crystalline 
product. 

The above experiments for the synthesis of cotarnine not having 
proved successful, a second method was tried, which has already been 
applied by Fritsch (Annalen, 1895, 286, 18) to the synthesis of 


ing 

_ hydrastinine. This consisted in the condensation of myristicinylidene- 

0 in aminoacetal to the corresponding isoquinoline derivative; the latter, 
If by reduction and methylation, should then be converted into hydro- 

been cotarnine. 

line 


/“\OH!N:CH.: ; 
Uyristicinylideneaminoacetal, CH, <O (CHB CH,-CH(OEt), ; 
al 


OMe 


Twenty grams of aminoacetal and 27 grams of myristicinaldehyde 
were heated together at 100° for two hours, when the reaction was 


cid complete. The product was then dissolved in ether, the ethereal 
of solution being washed with water, dried, and the solvent removed. 
‘he The viscid, brown oil thus obtained was purified by distillation under 
ich diminished pressure : 
nd 0:1260 gave 0:2819 CO, and 0°0840 H,O. C=61:0; H=74. 
ed C,,;H,,0,N requires C=61:0 ; H=7°'1 per cent. 
ith Myristicinylideneaminoacetal is a colourless, viscid oil, which does 
ile not solidify at — 20°. It distils at 234°/15 mm. and 244°/25 mm. It 
in is readily miscible with ether, alcohol, or chloroform, but only 
sparingly soluble in petroleum. It dissolves in dilute mineral acids, 
but is soon resolved into its components, myristicinaldehyde being 
precipitated. Owing to the readiness with which myristicinylidene- 
q aminoacetal undergoes this change, it was found impossible to prepare 
x from it the desired methoxymethylenedioxyisoquinoline. Thus, when 
y myristicinylideneaminoacetal was added, drop by drop, to ice-cold 
‘ sulphuric acid (75 per cent.), it was rapidly converted into myristicin- 
aldehyde, and no trace of methoxymethylenedioxyisoquinoline could 
be detected in the product. With the object of preventing this dis- 


ruption of the molecule under the influence of acids, myristicinylidene- 
aminoacetal was reduced to myristicinylaminoacetal, but this com- 
pound, also, could not be condensed to methoxymethylenedioxydihydro- 
isoquinoline. 


Reduction of Myristicinylideneaminoacetal. 


Twenty grams of myristicinylideneaminoacetal were dissolved in 
dilute alcohol, and the solution well agitated with 4 grams of 
amalgamated aluminium granules. After several hours the precipi- 
tated aluminium hydroxide was removed by filtration, and the 


VOL, XCV. 4K 


1212 SALWAY: THE SYNTHESIS OF 


alcoholic filtrate treated as before with a fresh portion (4 grams) of 
aluminium amalgam. The mixture was then filtered, and the alcohol 
removed as completely as possible from the filtrate, when a brown oil 
was precipitated. This was extracted with ether, the ethereal solu- 
tion being dried, and the solvent removed. The residual oil, on 
agitation with light petroleum, deposited a small proportion of a solid 
substance, which was crystallised from a mixture of benzene and light 
petroleum. It separated from this solvent in slender, colourless 
needles, melting at 128°. The yield of this substance amounted to 
10 per cent. of the material employed : 

0°1205 gave 0°:2672 CO, and 0:0808 H,O. C=605; H=75. 

00767 ,, 01710 CO, ,, 00550 H,O. C=608; H=8-0. 

01455 ,, 63 cc. N, at 135° and 768 mm. N=5'2. 

02511, in 24:47 benzene, gave At —0°088°. M.W.=583. 
C,)H,,0,,N, requires C= 60°8 ; H=7:'4;N=4°7 percent. M.W.=592, 

It is evident from these results that the above compound has been 
formed by the association and reduction of two molecules of 
myristicinylideneaminoacetal. Its constitution may therefore be 
represented as : 

CH,-0,:C,H,(OMe)-CH-NH°CH,°CH(OEt), 
CH,:0,:C,H,(OMe)-CH-NH-CH,°CH(OEt), 

The compound is extremely soluble in the usual organic solvents, 
with the exception of light petroleum. It dissolves also in cold dilute 
mineral acids without change, but on warming the solution the sub- 
stance is rapidly decomposed, with the deposition of resinous matter 
and the production of a claret-red colour. In concentrated sulphuric 
acid it gives a beautiful violet coloration. 

In the above reduction of myristicinylideneaminoacetal the chief 
product was an oil, from which the above compound melting at 128° 
had been removed by means of petroleum. This oil distilled at 
240°/27 mm. as a colourless liquid : 

0°1200 gave 0:2646 CO, and 0:0830 H,O. C=60°1; H=7°7. 

0:2733 ,, 10°8c.c. N, at 18° and 758mm. N=4:6. 

C,;H,,0;N requires C=60°6; H=7'7; N=4:7 per cent. 
This substance, evidently myristicinylaminoacetal, 
CH,:0:C,H,(OMe)-CH,-NH-CH,°CH(OEt),, 
is a colourless oil, which is readily miscible with benzene, alcohol, 
ether, or ethyl acetate, but is only sparingly soluble in light petroleum. 
It dissolves unchanged in cold dilute mineral acids, but on heating the 
solution it decomposes, with the production of a claret-red coloration. 
Its hydrochloride may be prepared by dissolving the base in cold dilute 
hydrochloric acid, and allowing the solution to evaporate spontaneously 
over potassium hydroxide in a vacuum, The crystalline solid, which 
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is gradua'ly deposited, may be recrystallised from a mixture of ethyl 
acetate and alcohol, when it separates in well-formed, colourless 
plates, melting and decomposing at 133°: 

0°1672 gave 0:0704 AgCl. Cl=10°4. 

C,,H,,0;N,HCl requires Cl=10°6 per cent. 

This hydrochloride is readily soluble in water and alcohol, but 
insoluble in ethyl acetate. 

With the object of preparing methoxymethylenedioxydihydrotso- 
quinoline from myristicinylaminoacetal, 5 grams of the latter were 
added, drop by drop, to 20 c.c. of sulphuric acid (75 per cent.) at 0°. 
The first addition of the myristicinylaminoacetal produced an intense 
violet coloration, which on further addition was changed to deep red. 
The mixture was kept for two days at the ordinary temperature, and 
then neutralised by the cautious addition of alkali, when a brown, amor- 
phous precipitate was formed. This was soluble in acids, but insoluble 
in the ordinary organic solvents, and constituted the sole product 
of the reaction, no methoxymethylenedioxydihydrotsoquinoline having 
been produced. 

Another portion of myristicinylaminoacetal was dissolved in cold 
concentrated hydrochloric acid, and the solution kept at the ordinary 
temperature for forty-eight hours. It was then diluted with water 
and extracted with ether, which removed a small quantity of a brown 
solid. On dissolving the latter in a mixture of benzene and petroleum, 
a few colourless needles separated, which melted at 138°, but the 
amount of this substance was not sufficient for further examination. 
The acid liquid which had been extracted with ether was rendered 
alkaline, when a brown, amorphous, insoluble resin separated, from 
which nothing definite could be isolated. It formed, with the excep- 
tion of the small amount of crystalline substance mentioned above, 
the sole product of the reaction. This method is therefore inapplicable 
for the synthesis of cotarnine and allied compounds. 


The Action of Nitric Acid on 3-Methoxy-4 : 5-methylenedioxycinnamic 
Acid. 


Ten grams of 3-methoxy-4:5-methylenedioxycinnamic acid were 
added in small quantities at a time to 50 c.c. of nitric acid (sp. gr. 1°41) 
cooled in a freezing mixture. ‘The liquid at first became yellow, but 
soon acquired a deep red colour, and after a short time carbon dioxide 
was slowly evolved. The mixture was kept in the cold for half an 
hour, then poured into ice-water, and the resulting yellow precipitate 
collected and washed. This was digested with ether, and the insoluble 
portion, consisting of unchanged 3-methoxy-4 : 5-methylenedioxycinn- 
amic acid, removed by filtration. The ethereal filtrate was washed! 

4k 2 


1214 SALWAY: THE SYNTHESIS OF 


successively with aqueous sodium hydroxide and water, dried, and the 
solvent removed. The residual solid crystallised from alcohol in 
slender, lemon-yellow needles, melting at 148°: 

0°1014 gave 0:1682 CO, and 0°0296 H,O. C=45:2; H=3:2. 

00777 ,, 74cc. N, at 23° and 766 mm. N=10°9. 

C,,N,0,N, requires C= 44°8; H=3:°0; N=10°5 per cent. 

Considering the method of preparation, it is evident that the 
substance must be represented by one of the two following formule: 

NO, 
on, <r ‘ox:cn, on, SO 
ra : 
OMe OMe’ 
(I.) (II.) 

It was possible to decide between these formule by examining the 
product of oxidation. A small quantity of the compound melting at 
148° was oxidised with hot alkaline permanganate, and at the end of 
the reaction sulphur dioxide was passed into the hot mixture until 
the manganese precipitate had redissolved. On cooling, slender 
needles were deposited, which melted and decomposed at 245°. Both 
by analysis and by the mixed melting-point method, it was proved 
that this compound was identicalgwith nitromyristicinic acid (this 
vol., p. 1165): 

00714 gave 0°1170 CO, and 0:0231 H,O. C=447; H=3°6. 

C,H,O,N requires C= 44°8; H=2°9 per cent. 

The compound melting at 148° is therefore w-2(6)-dinitro-3-methoxy- 
4: 5-methylenedioxystyrene ; its formation from 5-methoxy-4 : 5-methyl- 
enedioxycinnamic acid is evidently due to the direct displacement of 
the carboxyl group by a nitro-group, with the simultaneous introdue- 
tion of a second nitro-group into the nucleus. The same type of 
reaction has recently been shown by the author (this vol., p. 1155) to 
be common to tbe ethers of aromatic hydroxyaldehydes and hydroxy- 
acids, but the present example is of additional interest, since it shows 
that the reaction is not exclusively confined to those compounds in 
which the carboxyl group is directly attached to the benzene nucleus. 

w-2(6)-Dinitro-3-methoxy-4 : 5-methylenedioxystyrene is readily soluble 
in the usual organic solvents. It possesses feebly acidic properties. 
When warmed with aqueous sodium hydroxide it dissolves with 
difficulty, but on the addition of a few drops of alcohol it readily passes 
into solution with a deep yellow colour, and is reprecipitated by 
hydrochloric acid, 
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2(6)-Nitro-3-methoxy-4 : 5-methylenedioxycinnamic Acid, 


jin’ 

/\ OH:CH-CO,H* 
CH:<o| No, pen 
a 2 


OMe 
Fifty grams of finely powdered nitromyristicinaldehyde, prepared by 


t the 

lee : the nitration of myristicinaldehyde (this vol., p. 1160), were intimately 
mixed with 26 grams of fused sodium acetate, and 100 c.c. of acetic 
anhydride added. After heating in an oil-bath at 160° for six hours, 
the mixture was allowed to cool, then digested with an excess of 
ammonia until nothing further dissolved, and the red solution extracted 
once with ether to remove resinous by-products. On acidifying the 
ammoniacal solution, 2(6)-nitro-3-methoxy-4 : 5-methylenedioxycinna- 

y the wic acid was obtained as a yellow precipitate, which was washed with 

% water and crystallised from acetic acid. The yield amounted to 84 

* of per cent. of the aldehyde employed : 

until 

oie 0:1231 gave 0:2240 CO, and 0:0410 H,O. C=49°6; H=3°7. 

Both 02168 required for neutralisation 8°05 c.c. N/10-NaOH. M.W. (for 

owed a monobasic acid) = 269. 

this C,,H,0,N requires C=49°4; H=3'4 per cent. M.W.=267. 

2(6)-Nitro-3-methoxy-4 : 5-methylenedioxycinnamic acid crystallises 

from hot acetic acid in small, yellow plates, which decompose, when 
heated to 260°, with the formation of a carbonaceous mass. It is only 

oxy: moderately soluble in alcohol, from which, however, it separates in 

hyl- stout, deep yellow prisms. 

t of Methyl-2(6)-nitro-3-methoxy-4 : 5-methylenedioxycinnamate was pre- 

ae. pared by passing a current of dry hydrogen chloride for one and a- 

‘a half hours into a hot mixture of methyl alcohol and the acid. It 

to erystallises from a mixture of alcohol and ethy! acetate in long, yellow 

xy. needles, melting at 192°. The ethyl ester, prepared in a similar 

vine manner, also crystallises in beautiful, yeilow needles, melting at 166°. 

‘tf Methyl 2(6)-amino-3-methoxy-4 : 5-methylenedroxycinnamate, 

8, CH,:0,:C,H(OMe)(NH,)-CH:CH:CO,Me. 

ble —Three grams of methyl 2(6)-nitro-3-methoxy-4 : 5-methylenedioxy- 

ne cinnamate were finely powdered and gently warmed on the water-bath 

ith for half-an-hour with a solution of stannous chloride (12 grams) in 

sa concentrated hydrochloric acid (36 c.c.), when the powdered nitro- 

by compound had become changed into a crystalline hydrochloride. 


This was collected, washed with cold concentrated hydrochloric acid, 
dissolved in cold water, and the free base precipitated by the addition 


* See footnote on p, 1205. 


1216 SALWAY: THE SYNTHESIS OF 


of sodium hydroxide. It crystallised from alcohol in brilliant yellow, 
slender needles, melting at 153° : 


00817 gave 0°1722 CO, and 0°0432 H,O. C=57:5; H=5°9, 
C,,H,,0;N requires C=57°4; H=5:2 per cent. 

Methyl 2(6)-amino-3-methoxy-4 : 5-methylenedioxycinnamate dis- 
solves in alcohol, chloroform, or ethyl acetate with the formation of 
deep yellow colour, but the solution in acids is colourless, When 
warmed with dilute hydrochloric acid, hydrolysis and condensation 


occur, and the ester is converted into ketomethoxymethylenedioxy- 
dihydroquinoline. 


2-Keto-8(5)-methoxy-6 : 7-methylenedioxy-1 : 2-dihydroquinoline, 


Non: 
wy 0’ \CH:CH* 
CHS //NE-CO ; 


OMe 


This compound is best prepared directly from methyl 2(6)-nitro-3- 
methoxy-4 : 5-methylenedioxycinnamate without the isolation of the 
intermediate amino-compound. This ester (10 grams) was dissolved in 
alcohol, and reduced by heating for two hours with a solution of 
stannous chloride (50 grams) in 150 ¢.c. of concentrated hydrochloric 
acid. The alcohol was then removed as completely as possibly, and 
the mixture poured into water, when a crystalline solid separated, 
which was recrystallised from water and dried at 105°: 

0°1055 gave 02340 CO, and 0°0420 H,O. C=60°5; H=4°5. 

C,,H,O,N requires C= 60°3 ; H=4°1 per cent. 

The compound crystallises from hot water in long, silky needles, 
which melt at 181—182° and contain half a molecule of water of 
crystallisation : 


1:9723 lost, at 105°, 0°0826 H,O. H,O=4:2. 
C,,H,O,N,3H,O requires H,O = 3°9 per cent. 

It is readily soluble in hot alcohol or chloroform, from which it 
separates in radiating clusters of slender needles. It exhibits both 
feebly acidic and basic properties. Thus it dissolves in concentrated 
hydrochloric acid with the formation of a hydrochloride, which separates 
in colourless leaflets decomposing at 225°; on the addition of water 
the base is regenerated. It is also soluble in concentrated aqueous 
sodium hydroxide, but is reprecipitated by water. 


* See footnote on p. 1205, 
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Reduction of 2-Keto-8(5)-methoxy-6 : 7-methylenedioxy-1 : 2-dihydro- 
quinoline. 


Two grams of the substance were dissolved in dilute alcohol and 
reduced by the action of 200 grams of sodium amalgam (3} per cent.) 
with constant stirring. After a short time a grey precipitate 
separated, and the liquid gradually acquired a red colour. When 
the reaction was complete, the grey precipitate was removed by 
filtration and washed with water. It was insoluble in acids or 
alkalis, and practically so in ethyl acetate, chloroform, alcohol, or 
ether, but could be crystallised from hot acetic acid, from which it 
separated in small, colourless needles, These did not melt when heated 
to 310°: 

00905 gave 0°1994 CO, and 0:0400 H,O. C=601; H=4°9. 

(C,,H,,0,N)z requires C=60°0; H=4°5 per cent. 

It is evident from the properties of this compound that its formation 
is due to polymerisation and simultaneous reduction of the keto- 
methoxymethylenedioxydihydroquinoline. 

The alkaline filtrate from which the above compound had been 
separated was heated on the water-bath to remove alcohol, and then 
acidified with dilute hydrochloric acid, when a colourless substance 
was precipitated. This was collected, washed, and crystallised from 
dilute acetic acid, from which it was deposited in colourless needles, 
melting at 290°. It was very sparingly soluble in water or alcohol, 
but more soluble in chloroform: 

0°1051 gave 02307 CO, and 00439 H,O. C=59:'9; H=4°6. 

(O,,H,,0,N)z requires C=60°0; H=4°5 per cent. 

The analysis and the properties of this substance show that it 
possesses the same empirical formula as the previously isolated 
compound, and is likewise a polymerised reduction product of keto- 
methoxymethylenedioxydihydroquinoline. No other substance could 
be isolated from the products of this reaction. 

Ketomethoxymethylenedioxydihydroquinoline was next reduced by 
means of sodium amalgam in dilute acetic acid solution, but in this 
case, also, the chief products were the above-described polymerised 
compounds, melting at 290° and above 310° respectively. A small 
amount of substance melting at 120° was obtained, but not sufficient 


for its further examination, 


SALWAY: THE SYNTHESIS OF 


8(5)-Methoay-6 : 7-methg — ycarbostyril Methyl Ether, 


CH <O (cH: CH 
/N=t: OMe 


i 


In order to avoid, if possible, formation of the above polymerised 
products, the methyl derivatives of 2-keto-8(5)-methoxy-6 : 7-methylene. 
dioxy-1 : 2-dihydroquinoline were prepared prior to reduction. 

Equal parts of ketomethoxymethylenedioxydihydroquinoline and 
methyl iodide were dissolved in chloroform, and the solution heated on 
the water-bath for several hours in the presence of dry silver oxide 
(1 part). The liquid was then filtered, shaken successively with 
sodium hydroxide and water, dried, and the solvent removed. The 
solid residue was crystallised from alcohol, when it separated in stellar 
clusters of needles, melting at 113°: 

00706 gave 0°1600 CO, and 0:0326 H,O. C=61:'8; H=5:l. 

P C,,.H,,0,N requires C=61°8; H=4°7 per cent. 

That this substance is the O-methyl ether is proved by its behaviour 
on heating with methyl] iodide. Thus, when heated for three hours at 
120° with an excess of methyl iodide in a sealed tube, it is quanti- 
tatively converted into the isomeric V-methyl ether described below 
(compare Knorr, Ber., 1897, 30, 929). 

8(5)-Methoxy-6: T-methylenedioxycarbostyril methyl ether crystallises 
from concentrated alcoholic solution in slender needles, whilst from more 
dilute solutions it separates in hexagonal prisms. It is only sparingly 
soluble in hot water, from which it is deposited in silky needles. It 
possesses much stronger basic properties than the parent compound, since 
its hydrochloride is not dissociated in dilute aqueous solution. It is not 
changed by heating for several hours at 100° with 20 per cent. 
hydrochloric acid, but when heated with concentrated hydrochloric 
acid in a sealed tube it is completely decomposed, with the 
formation of a dark violet-coloured, resinous mass. 


2-Keto-8(5)-methoay-6 : 7-methg gin ab rage : 2-dihydroquinoline, 


\oa=¢H, 
\ /NMe CO 
% 


This substance, as above indicated, may be prepared from the 
isomeric O-methyi ether by heating with methyl iodide. It was also 
prepared directly from ketomethoxymethylenedioxydihydroquinoline 
by the following method. Two grams of the substance, dissolved in 


CH <r 
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methyl alcohol, were heated for several hours with an excess of 
methyl iodide and sodium methoxide. The methyl alcohol was then 
removed, water added to the residue, and the mixture extracted with 
chloroform. The chloroform solution was washed, dried, and the 
solvent removed, when a solid residue was obtained which crystallised 
from alcohol in well-formed, colourless needles, melting at 179° : 

00904 gave 0:2045 CO, and 0:0379 H,O. C=617; H=4°7. 

C,,H,,0,N requires C=61°8 ; H=4°7 per cent. 

This compound possesses only feebly basic properties, and is 

insoluble in cold dilute hydrochloric acid. 


Oxyisocoturnine (2-Keto-8(5)-methoxy-6 : 7-methylenedioxy-1-methyl- 
1:2:3: 4-tetrahydroquinoline). 


or \cH.-CH, 
CHSol Meco. - 
yf 


OMe 


One gram of the compound just described was reduced in dilute 
alcoholic solution by means of 200 grams of sodium amalgam (3 per 
cent.). During the course of the reaction the mixture was constantly 
agitated, and from time to time small quantities of hydrochloric acid 
were added to prevent the accumulation of alkali in the solution. 
After a short time a small quantity of solid separated, which at the 
end of the reaction was collected. It was only sparingly soluble in 
hot alcohol, from which it crystallised in rhombohedral prisms, melting 
at 280°. This substance was apparently a polymerised reduction 
product, similar in character to the products of high molecular weight 
obtained on reducing ketomethoxymethylenedioxydihydroquinoline. 

The filtrate from which the above compound had been separated 
was acidified with dilute hydrochloric acid, distilled in a current of 
steam to remove the alcohol, then rendered alkaline, and extracted 
with ether. This removed a viscid oil, which rapidly solidified, and 
when crystallised from dilute alcohol, separated in flat plates, melting 
at 113°: 

0 0881 gave 0°1982 CO, and 0°0447 H,O. C=61:4; H=5°6. 

C,.H,,0,N requires C=61°3 ; H=5°5 per cent. 

It is evident from these results that the reduction of 2-keto- 
8(5)-methoxy-6 : 7-methylenedioxy-1-methy]-1 : 2-dihydroquinoline by 
means of sodium amalgam effects the addition of two atoms of 
hydrogen only. The product, therefore, is isomeric with oxy- 
cotarnine. 

Oxyisocotarnine possesses only feebly basic properties, since its 
hydrochloride dissociates in the presence of water. It is readily 
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soluble in alcohol, chloroform, or ether, but only sparingly so in hot 
water. It could not be converted by reduction into isocotarnine, 
showing in this respect great similarity to oxycotarnine (Freund 
and Wulff, Ber., 1902, 35, 1737). 


THE WELLCOME CHEMICAL RESEARCH LABORATORIES, 
Lonpon, E.C. 


CXXXVI.—Monomethyl Laevulose and its Derwatives : 
Constitution of Laevulosediacetone. 


By James Cotqunoun Irvine and ALEXANDER Hynp, M.A. BSc, 
(Berry Scholar in Science). 


THE application of the silver oxide method of alkylation to the 
formation of methylated ketoses has, so far, been confined to the 
preparation of tetramethyl levulose and the corresponding alkylated 
methylfructosides. Purdie and Paul (Trans., 1907, 91, 289), in the 
investigation referred to, encountered great experimental difficulties, 
but succeeded in examining the principal properties of crystalline 
tetramethyl lzvulose and its derivatives. Past experience has shown 
that in work on alkylated sugars it is of the utmost importance to 
commence with a crystalline sugar derivative which can be obtained 
in one stereochemical form. Otherwise, particularly when the products 
are liquids, the whole series of reactions may have to be carried out 
with mixtures of a- and £-isomerides, and thus the values obtained for 
the rotatory powers have little significance. 

In the case of levulose, one of the few crystalline derivatives 
suitable for methylation is the a-levulosediacetone discovered by 
Fischer. With the exception of acetonerhamnoside (Purdie and Young, 
Trans., 1906, 89, 1196), the exact constitution of the condensation 
compounds of sugars with ketones is unknown, but it is evident that 
levulosediacetone must contain one hydroxyl group, and the com- 
pound should therefore on methylation and hydrolysis be converted 
into monomethyl! levulose. The determination of the position of the 
methoxyl group in the alkylated ketose thus obtained would afford 
conclusive evidence of the structure of levulosediacetone. 

a-Methyl levulosediacetone proved to be a crystalline solid, melt- 
ing at 115°, and having [a]j) — 136°4° in methyl-alcoholic solution. 
Although unaltered by prolonged boiling with water, the compound 
was easily hydrolysed by heating with 0:1 per cent. aqueous hydrogen 
chloride to give monomethy! levulose. The latter substance possessed 
all the properties of a reducing sugar. It reduced Fehling’s solution 
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vigorously, and entered into ready condensation with either acetone or 
inethyl alcohol, giving monomethy] levulosediacetone and monomethyl 
methylfructoside respectively. When heated with phenylhydrazine 
acetate it gave a characteristic osazone, which was proved to be 
monomethylglucosazone. The sugar, moreover, was found to exist as 
a- and fB-isomerides, the former being produced in the pure state by 
crystallisation from ethyl acetate, and the latter being formed in excess 
by fusion. As monomethyl levulose is much less liable to undergo 
obscure decomposition changes than the unalkylated parent sugar, it is 
a convenient substance on which to study the mutarotation of ketoses. 
The results are given in detail in the experimental part. 

When oxidised with bromine water, monomethyl levulose gave, as 
the principal product, an acid, for which analytical figures were obtained 
agreeing with the calculated values for dibydroxymethoxybutyric acid. 
As after prolonged heating at 100° in a vacuum the analytical figures 
remained unaltered, and the titration figures still agreed for the free 
acid, we consider the compound to be incapable of forming a lactone. 

A review of all the above results affords complete evidence for the 
constitution of monomethyl lwvulose, to which the following structure 
is ascribed : 

l 0 | 
OH-CH,-C(OH)-CH(OH)-CH(OH)-CH:CH,-0-CH,. 
(a) (6) (c) (d) (ce) (f) 

Considering the various possibilities, it is evident that the methoxyl 
group cannot be in positions (a) or (5), as it is present in the osazone 
formed from the sugar. Moreover, it cannot occupy position (¢), as 
the compound is a reducing sugar and displays mutarotation. Of the 
three remaining alternatives, two are excluded by the fact mentioned 
above that the acid obtained from the sugar on oxidation also contains 
a methoxyl group and is incapable of forming a lactone. It follows 
from this that the alkyloxy-group must occupy the y-position with 
reference to the carboxylic group, and this conclusion establishes the 
above structural formula. 

Applying this result to the constitution of lavulosediacetone, it is seen 
that, if both acetone residues are similarly linked, two alternatives are 
possible, of which one may be reasonably excluded, as it involves the 
formation of two six-membered rings. The formula suggested for the 
substance is therefore : 


| 
H—OH-CH,-0H. 
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Consideration of the optical activities of the various compounds 
described throws some light on the effect of methylation on the sugar 
molecule. It has hitherto proved impossible to obtain definite mono. 
substituted sugars other than the glucosides and the metallic deriva- 
tives, and thus the optical effect due to the successive substitution 
of the hydroxyl groups is unknown. In previous papers it has been 
pointed out that although the introduction of a new group into the 
glucosidic position results as a rule in marked changes in the rotatory 
power, the subsequent introduction of four methyl groups has com- 
paratively little effect. In the case of levulose complete methylation 
increases the activity in the levo-sense, but it is here shown that the 
introduction of one methyl group into the terminal position lowers the 
Jevorotation in a marked degree. This relationship holds whether we 
compare a-lzevulose with monomethy! a-levulose, the equilibrium mix- 
tures of the sugars, or a-levulosediacetone with monomethy] a-levulose- 
diacetone. 


a-Leevulose [a] = -104° | Diff. for one methyl group 
Monomethy] a-levulose és — 70°5°f 


a-Lzevulosediacetone »5 = —150°5°) Diff. for one methyl group 
Monomethy] a-levulosediacetone ,, —185°4°f =16°1°. 


=383°5°. 


On the other hand, comparing a-levulose with tetramethy] a-levulose, 
it is seen that the total effect of introducing the four methyl groups 
is to raise the levorotation from — 104° to — 125°, so that methylation 
in position (f) diminishes the levorotation by 33°, and the three methyl 
groups subsequently introduced increase the levorotation by 54°. 
The total optical effect is therefore the additive sum of oppositely 
directed values, and this explains what has hitherto been regarded as 
an anomaly, namely, the relatively small changes in optical activity 
which result from complete substitution of the hydroxyl groups in 
sugars, 


EXPERIMENTAL. 
Preparation and Methylation of Levulosediacetone. 


The levulosediacetone used in our experiments was prepared by 
Fischer’s method (Ber., 1895, 28, 1164), and it was found that the 
success of the preparation varied considerably with the purity of the 
levulose used ; when the sugar was crisp enough to be well powdered 
and sifted through fine muslin, the subsequent condensation with 
acetone gave only relatively small amounts of syrupy by-products, and 
50 per cent. yields of the desired product were obtained. On the other 
hand, some specimens of Ixevulose, although prepared from inulin and 
thoroughly dried in a vacuum before use, gave semi-crystalline, oily 
products, which were extremely difficult to purify. In al], 240 grams 
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of levulose were converted into the crystalline mixture of the a- and 
B-levulosediacetones, the separation of which was effected by solution 
in dry ether and precipitation with light petroleum, or, more effectively, 
by crystallisation from the latter solvent. The melting point (117°) and 
the specific rotation ([a]} —162°8°) of the main product agreed with 
the values quoted by Fischer for the pure a-form. 

The methylation of the compound presented unusual difficulties, 
owing to the ready removal of the acetone residues by hydrolysis. 
The best results were obtained when not more than ten grams of 
levulosediacetone were used in each experiment, special precautions: 
being taken to exclude moisture during the process. The method 
is given in detail as an indication of how the alkylation reaction 
should be modified in the case of compounds which are easily 
hydrolysed. 

Ten grams of a-levulosediactone, dried at 100°, were dissolved at 
the boiling point in 16°5 grams of methyl] iodide to which a little pure 
dry acetone had been added. The silver oxide used (13°5 grams) was 
dried at 95° until constant in weight, and was introduced as usual in 
small quantities at a.time. The mixture was gently boiled for two 
hours, a glycerol-bath being substituted for a water-bath in order to 
avoid access of moisture from the outside of the condenser. Thereafter, 
55 grams of methyl iodide and 45 grams of silver oxide were added in 
the usual manner, and the mixture boiled for a further period of six 
hours. The quantity of alkylating mixture used was largely in excess 
of the theoretical amount. The product was extracted by diluting 
largely with dry ether (free from acid) and boiling briskly for not 
more than fifteen minutes. The filtered liquid, after treatment with 
sodium sulphate, was evaporated to small bulk under the ordinary 
pressure, and concentrated to a syrup in a vacuum desiccator. Failure 
to observe any of the above directions resulted in the formation of acid 
syrups, which appeared to be mixtures of levulose with oxidation 
products and methylated derivatives. When properly conducted, the 
syrup obtained was neutral in reaction, and crystallised readily in well- 
formed square plates mixed with a small quantity of unchanged 
levulosediacetone, which was completely removed by treatment with 
water. The undissolved residue, after drying in a vacuum desiccator, 
was twice recrystallised from dilute methyl alcohol. Melting point, 

115° ; yield= 50 per cent.: 


Found, C=56°87; H=815; OMe=11°58. 
C,,H,,0;"OMe requires C= 56°94; H=8:03 ; OMe=11°31 per cent, 


As the molecular-weight determination by the cryoscopic method 
gave a normal result, the compound is evidently monomethy] a-lszvulose- 
diacetone. The substance dissolved readily in organic solvents 
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generally, but was sparingly soluble in water. It behaved like a 
glucoside towards Fehling’s solution, and was readily hydrolysed when 
heated with 0:1 per cent. aqueous hydrogen chloride. The following 
observations on the rotatory power of the compound were made : 


Solvent :— Acetone. Methyl alcohol. Benzene, 
1°7040 1°7545 
= 136°4° —149°4° 


The effect of the different solvents on the rotatory power is similar 
*to that observed with other alkylated sugar derivatives. The ease 
with which the acetone residues are removed is shown by the fact 
that the compound is completely converted into monomethyl methyl. 
fructoside when dissolved in methyl alcohol containing 0°25 per cent, 
of hydrogen chloride. Even at the temperature of the room, the 
specific rotation of the solution rapidly diminished, and after twenty- 
four hours action the liquid was practically inactive. Two days later 
the specific rotation, calculated on the quantitative conversion into 
the alkylated fructoside, was +11:'1°,a result which agrees closely 
with the equilibrium value obtained for the pure compound. On 
working up the product in the usual manner, monomethyl methyl- 
fructoside was isolated in almost quantitative amount. 


Monomethyl Laevulose. 


As levulose and its derivatives are readily decomposed by hydrogen 
chloride, the hydrolysis of monomethy] levulosediacetone was carried 
out by means of very dilute acid. Thirty grams of the compound 
were dissolved in 525 c.c. of alcohol and diluted to 750 c.c. with water 
containing sufficient hydrogen chloride to make a 0:1 per cent. acid 
solution. After heating in boiling water for two hours, the rotation, 
which diminished steadily throughout the reaction, became constant. 
The final result obtained was [a]i} —26°, a value which approximates 
to that of monomethyl levulose in similar concentration, so that 
apparently the hydrolysis is unaccompanied by any notable decom- 
position in the sugar molecule. The acid was removed by shaking 
with silver carbonate, and the filtered liquid heated with animal 
charcoal at 50° for an hour. After removal of the solvent by heating 
under diminished pressure, the residual syrup was extracted with 
warm alcohol. On evaporating the alcohol, a colourless syrup remained, 
which readily crystallised in diamond-shaped plates. After recrystal- 
lisation from ethyl acetate containing a little methyl alcohol, the 
compound melted at 122—123°: 

Found, C= 43°28; H=7'24; OMe=15:59. 

C,H,,0;"OMe requires C= 43°30 ; H=7'22; OMe=15'98 per cent. 
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IT's 
like a Monomethy! levulose is readily soluble in water or alcohol, but 
when sparingly so in ordinary organic solvents. It reduces Febling’s solu- 
owing tion vigorously on gentle warming, and gives the various colour tests 
described by Neuberg (Zettsch. physiol. Chem., 1900, 31, 564). The 
fact that it gives a striking result with the Tollens’ reagent is remark- 
able, as this test is supposed to be applicable to pentoses only. In 
the case of monomethyl levulose, however, the hydroxy] content is 
the same as that of a pentose. 
milar After heating the alkylated ketose for ten minutes with a slight 
ease excess of phenylhydrazine acetate, dissolved in dilute acetic acid, and 
fact cooling the solution, an abundant crop of delicate, yellow needles 
thyl. separated. After recrystallisation from dilute alcohol, the product 
Pent, melted at 142—144°, and analysis showed it to be monomethyl- 
the glucosazone : 
we Found, C= 61°37 ; H=6'53; OMe=8'24. 
a C,;H,,0,N,"OMe requires C=61°30 ; H=6:45 ; OMe=8:34 per cent. 
sely The alkylated osazone proved to be much more soluble than 
On glucosazone, and its formation serves as a delicate test for monomethyl 
hyl- levulose. 
Mutarotation of Monomethyl Laevulose. 
After recrystallisation from ethyl acetate or from acetone, mono- 
methyl leevulose behaves like a-levulose, and displays mutarotation in 
en the downward sense. For example, a 1 per cent. solution of the sugar 
ed in methyl alcohol gave initially (J=2)a rotation of —1°75°. This 
nd quickly diminished to the constant value — 052°, the same end-point 
er being attained almost immediately by the addition of a trace of 
id alkali. In aqueous solution the similar change was extremely rapid, 
n, and the rotation values differed considerably from those observed in 
t. alcoholic solution. As the sugar underwent no appreciable decom- 
38 position at the melting point, the effect of fusion in altering the pro- 
it portion of the a- and B-forms was ascertained. After heating the 
\- pure a-form for a few minutes at a temperature slightly above the 
g melting point, the product was quickly cooled, and the initial rota- 
] tion determined without delay. As was expected, the reverse optical 


changes were then observed, the rotations increasing in the levo- 
sense, indicating that an excess of the #-form had been produced. 
The results obtained with 1 per cent. solutions are summarised below : 


Initial [a]?” Permanent Initial [«]?° 
Solvent. of the a-form. specific rotation. of the fused sugar. 
WAREE cnccocerecsssooesoces -70°6° ——> = -53°1° 
11 <—— -417 
Methyl alcohol ........ , wi <> &1 


293 ee 12°5 
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The different permanent values observed in aqueous and methyl. 
alcoholic solution are not due to the establishment of a different 
equilibrium in these solvents. This was shown by the followin 
experiment: A solution of the sugar in methyl alcohol which had 
attained the permanent rotatory power (-—22°1°) was evaporated to 
dryness at the ordinary temperature under diminished pressure, 
The residue when dissolved in water showed no mutarotation, and 
gave at once the permanent value, [a]} —54:0°. A parallel experi- 
ment in which the equilibrium mixture was similarly recovered 
from aqueous solution and dissolved in methyl alcohol, showed the 
converse optical change, and no mutarotation was observed. 


Oxidation of Monomethyl Laevulose. 


Five grams of monomethyl levulose were dissolved in water, and 
an aqueous solution of 10 grams of bromine added drop by drop, with 
constant stirring and thorough cooling. After eight hours’ treatment, 
the liquid was shaken for one day, and the excess of bromine removed 
by heating under diminished pressure at 40°. The liquid was then 
largely diluted with water and distilled in a partial vacuum to half 
bulk, this process being repeated four times in order to remove 
hydrogen bromide and volatile acids. The undistilled residue was 
neutralised with silver carbonate, filtered, and decomposed with 
hydrogen sulphide. On evaporation of the filtrate in a partial vacuum, 
a syrup remained, which was extracted from traces of silver with 
methyl alcohol. On removal of the solvent, a clear acid syrup 
remained. The product was dried, first at 100° under the ordinary 
pressure, and finally at the same temperature under diminished 
pressure until constant in weight : 


Found, C= 39:40; H=6°67; OMe=18-70. 
C,H,0,"OMe requires C = 39:98 ; H=6°71 ; OMe = 20°67 per cent. 


The analyses indicate that the compound is essentially a8-dihydroxy- 
y-methoxybutyric acid. 0°2404 Gram of the syrup, dried as before at 
100° under 20 mm. pressure, required 14°9 c.c. V/10-barium hydr- 
oxide for neutralisation. After heating with 5 c.c. excess of the 
alkali, and titrating once more to the neutral point with hydrochloric 
acid, it was found that 3°01 c.c. of the baryta had been used. This 
result would be explained by the presence of about 6 per cent. of 
tartaric anhydride in the syrup, and, calculating on this assumption, 
the analytical figures are materially improved. In order to confirm 
the identity of the acid, it was converted into the barium salt, the 
usual method being followed to remove excess of barium hydroxide. 
By this process any barium tartrate formed would be left behind with 
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the barium carbonate residues. The salt was obtained from the 
fltrate as a colourless, deliquescent glass : 
Found, Ba = 32:2 ; theory requires Ba = 31°5 per cent. 


Condensation Reactions of Monomethyl Laevulose. 


When dissolved in acetone containing 0°2 per cent. of hydrogen 
chloride the sugar underwent ready condensation, and after a few 
hours the action on Fehling’s solution disappeared. On working up 
the product as usual, a mixture of the stereoisomeric forms of mono- 
methyl levulosediacetone was obtained in excellent yield. 

Monomethyl Methylfructoside.—On dissolving the sugar in twenty- 
five times its weight of methyl alcohol containing 0°22 per cent. of 
hydrogen chloride, a very rapid change in the rotation took place, and 
after a few minutes the solution was dextrorotatory. The reaction 
was completed by four hours heating at 40°, and during this treatment 
the rotation showed a marked rise and fall in the dextro-sense, 
indicating the formation of two stereoisomerides. After removal of 
the acid, treatment with animal charcoal, and evaporation of the 
solvent, the alkylated fructoside was obtained as a colourless syrup. 
Analysis of the compound dried at 100° in a vacuum gave: 

C=4650; H=7'77; OMe=30°45. 

(;H,,0,(OMe), requires C= 46:12; H=7:75 ; OMe= 30-03 per cent. 

The preparation evidently consisted of a mixture of two forms, one 
of which is strongly dextrorotatory and the other feebly dextro- or 
possibly levo-rotatory. The value found for the specific rotation in 
methyl-alecoholic solution was +11°3°. The compound was very 
readily hydrolysed, giving monomethyl] levulose, and when dissolved 
in a large excess of acetone containing a small proportion of hydrogen 
chloride, it was completely converted into monomethyl lvulose- 
diacetone. The change in question therefore consisted in simultaneous 
hydrolysis and condensation, and emphasises the ready removal of 
groups from the fructosidic position. 

Conversion into Tetramethyl Laevulose.—The alkylation of mono- 
methyl methylfructoside by means of the silver oxide reaction 
proceeded normally in acetone solution, and, judging from the fact 
that the resulting oil was neutral in reaction and devoid of any action 
on Fehling’s solution, the process was not accompanied by any 
hydrolysis or oxidation. After a second alkylation in methyl iodide 
solution, the product was recovered as usual, and distilled under 
diminished pressure. Analyses showed the syrup to be tetramethyl 
methylfructoside, and as the specific rotation in methyl alcohol was 
- 189°, both the a- and B-forms were present. 

The hydrolysis was carried out as described in the previous paper 
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(loc. cit.), but more dilute acid (0°5 per cent.) was used. In this way 
decomposition of the alkylated ketose was probably avoided, as the 
syrupy product crystallised spontaneously without vacuum distillation, 
This method of obtaining tetramethyl levulose through the inter. 
mediate formation of monomethyl methylfructoside possesses certain 
advantages over the alternative method of starting with methyl. 
fructoside. The latter compound cannot be obtained perfectly free 
from levulose, and thus the alkylated products obtained from it 
are liable to contain oxidation acids, which are extremely troublesome 
to remove. 


The general expenses of the above investigation were defrayed by a 
research grant from the Carnegie Trust, for which the authors desire 
to express their thanks. 

CHEMICAL RESEARCH LABORATORY, 


UniTEpD CoLLece or St, SALVATOR AND St. LEONARD, 
UNIVERSITY OF St. ANDREWS. 


CXXXVII.—Estimation of Iron by Permanganate in the 
Presence of Hydrogen Chloride. 


By Joun Apert Newton Frtienp, Ph.D. 


Ow1nea to the ease with which ferrous iron undergoes quantitative 
oxidation in contact with potassium permanganate, it is unfortunate 
that the reaction should yield inaccurate results in the presence of 
hydrogen chloride. 

T. W. Harrison and F. M. Perkin (Analyst, 1908, 33, 43) have 
shown that, even when the concentration of the hydrogen chloride 
is as low as V/25, the titrations are not accurate to within 2 per cent. 
W. Colet Birch (Chem. News, 1909, 99, 61) has recently studied the 
modification detailed by Loewenthal and Lenssen (Zeitsch. anal. Chem., 
1861, 1, 329) and Fresenius (ibid., p. 361), but finds that it only gives 
approximate results. 

It appeared to the present author, however, that the results obtained 
by different investigators did not agree sufficiently well amongst 
themselves, indicating that some constant source of error had been 
overlooked, and it was with the object of discovering this that the 
present research was undertaken. 

Experiments were performed with W/10-solutions of both specially 
pure and commercial potassium permanganate, but the results were 
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always the same. As the commercial salt is generally used in 
analytical practice, the results recorded in this paper are such as 
were obtained by using the latter solution, except where the contrary 
is stated. The ferrous iron solution was obtained by dissolving 
ferrous sulphate in water with the addition of just sufficient sulphuric 
acid to prevent the precipitation of basic salt. T. Warynski (Ann. 
Chim. anal., 1909, 14, 45) has shown that such solutions are very 
stable in contact with air. It was therefore unnecessary to use ferrous 
ammonium sulphate, as did Harrison and Perkin, and this is a decided 
advantage, since the presence of ammonium sulphate renders the 
titrations less accurate, as Birch has recently shown. 


1. Velocity of Titration. 

It was important to discover if the rate at which the permanganate 
is added to the ferrous solution affects the value of the titration. In 
each of the following three series the volumes titrated and the amounts 
of ferrous sulphate and hydrogen chloride were constant throughout, 
but the rapidity with which the titrations were effected was varied. 
A drop of manganese sulphate solution was added in each case before 
the titration was commenced. 


Series I, Series II. Series ITT. 
50 e.c. 2m* HCl. 50 e.c. mHCl. 50 c.c. m/2HCI. 
5 c.c, FeSO, 5 c.c. FeSO,. 5 c.c, FeSO,. 
Time of Time of Time of 
_ titration. KMn0,. titration, KMn0,. titration, KMnQ,. 
secs, c.c. secs. c.c. secs, c.c. 
15 25°35 10 24°90 10 24°33 
25 24°50 17 24°72 25 23°85 
45 24°00 35 24°16 50 23°80 
110 23°85 70 ~ 23°80 160 23°75 
190 23°84 220 23°67 — _— 
Theoretical value 23°52 | Theoretical value 23°52 Theoretical value 23°52 


* m signifies the molecular weight in grams per litre of solution. 


The permanganate was run out of the burette at a uniform rate 
throughout each individual titration, and the flask was gently shaken 
all the time. The times of titration given above are therefore a 
direct measure of the shaking to which the ferrous sulphate solution 
was subjected. 

Reference to the curve in which these results are given shows 
that : 

(1) The error decreases as the time of titration increases, until the 
latter reaches about 100 seconds, after which the effect is negligible.* 

* Since the above was written, Mr. G. Cecil Jones, F.1.C., has kindly drawn my 
attention to the fact that Skrabal was, in 1903, aware of the fact that greater 
accuracy could be obtained by adding the permanganate slowly (Zetésch. anal, 
Chem., 1908, 42, 378). 

4L2 
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(2) The error increases with the concentration of the hydrogen 
chloride, but the difference is less marked when the time of titration 
exceeds 100 seconds. 

It is clear, therefore, that if comparable results are to be obtained 
with different mixtures, the times of titration should not be less than 
about 100 seconds. The titrations recorded in the sequel have 
therefore been carried out with this velocity unless otherwise stated. 

It was now necessary to determine if variation in the rate of 


25°50 


C.c. KMnO,. 


h~=% 


THEORETICAL TITRATION 


ee ee ee a = 


| 
| 
| 


100 150 


Time in seconds. 


addition of the first and last few ¢.c. of permanganate would 
appreciably affect the value of the titration. The results obtained 
are given in series LV, 


Series IV. 
A. 25 ¢.c. 2mHCl. 5 c.c, FeSO,. 


Commercial 
KMn0,, Error, 
C.C. 2G 
(1) The whole titration completed in 15 seconds 
(2) 22 c.c. KMnO, added in 7 seconds and the titration com- 
pleted slowly 
(3) Ditto, after an interval of 60 seconds 
(4) Ditto, F Pe 300. ,, 
(5) The whole titration effected slowly (100 seconds) 
(6) Theoretical value 
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B. 50 cc. mHCl. 25 c.c. FeSO,. 
Pure KMnO,, Error, 


(1) The whole titration completed in 15 seconds 

(2) 21 e.c. KMnO, added in 7 seconds and the titration com- 
pleted slowly 

(3) Ditto, after an interval of 60 seconds 

(4) Ditto, on 300 seconds 

(5) The whole titration effected slowly (100 seconds) 

(6) Theoretical value 


From the above it is clear that it is the rate at which the last few 
drops of permanganate are added to the ferrous solution which affects 
the value of the titration most. This is readily explained on the 
assumption that the reduction of the permanganate takes place in two 
stages. First, a partial reduction, resulting in the oxidation of some 
of the iron and the formation of an unstable perchloride of man- 
ganese. The latter substance now oxidises the ferrous iron according to 
the equation : 
MaCli, +2) + «FeCl, a FeCl, + M.Cl, 
until equilibrium is established. If this latter reaction proceeds 
comparatively slowly, it is clear that when the last few drops of per- 
manganate are added rapidly, excess must be taken before all the 
ferrous iron becomes oxidised and the usual pink colour indicative of 
the end-point can appear. On the other hand, prolongation of the 
time of titration beyond that required for equilibrium to be attained 
cannot affect the final result, as is well shown by titrations 2, 3, and 
4 in series [V (A and B), and by the curve embodying the results 
of series I, II, and III. We may therefore hope to obtain accurate 
titrations in the presence of any substance which can cause equi- 
librium to be attained when the mass of the manganese perchloride 
is negligibly small, always provided that the rate of titration is 
sufficiently slow. As will be seen later, such a substance is manganous 


sulphate. 
2. The Effect of Dilution. 

As is evident from the results given in series V and VI, dilution 
slightly increases the error of titration. The end-point, however, becomes 
clearer, which is a decided advantage when working by gaslight. 


Series V. Series VI. 
25 cc. mHCl. 5 cc. FeSO,. 10 c.c. 2mHCl. 5 c.c, FeSQ,. 


Total volume Total volume 
titrated, Water, KMn0,, titrated, Water, KMn0O,, 
c.c. ce. Ce c.c. c.¢. 
23°73 23°70 
23°78 23°75 
23 90 23°78 
23°98 23°82 


Theoretical value 23°52 | Theoretical value 23°48 
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These results are in agreement with those obtained by Birch (log, 
cit.) under different conditions. 


3. Action of Sulphuric Acid. 


The results given in series VII show that the presence of small 
quantities of sulphuric acid tends to decrease the error of titration, 
This is in harmony with the results obtained by Skrabal, Kessler, and 
others. When present in large excess, however, the action of the acid 
appears to be less favourable. 


Series VII. 
A. With Commercial KMn0,,. 


Total volume Correct 
titrated, Cone. Cone. Titre in c.c. titre, 
of HCl. of H,SO,. KMn0O,. c.c. 

m/3 -- 23°80 23°48 

m/3 3m 23°75 23°48 

m/6 —- 23°80 23°48 

m/6 4m 23°90 23°48 

m/3 _- 23°25 23°00 

m3 25m 23°25 23°00 

m5 — 23°33 23°00 

m5 3m 23°52 23°00 


With Pure KMn0O,. 


m/2°t ~_ 23°16 22°45 
m/2°§ 1'6m 23°12 22°45 
m/ — 23°23 22°45 
m|, 1°8m 23°16 22°45 
m| — 23°30 22°45 
me 25m 23°38 22°45 
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4. Effect of Age of Permanganate Solution. 


The permanganate solution was prepared by dissolving the requisite 
amount of ordinary potassium permanganate iv cold water, as is usual 
in works. The solution was kept in a glass-stoppered bottle exposed 
to the diffused light of the laboratory. If it had been pure it would 
have remained unaltered for many months, as has been shown by 
Gardner and North (J. Soc. Chem. Ind., 1904, 23, 599), and more 
recently by Collitt (Pharm. J., 1908, 27, 724). The present author 
observed some years ago, however, that permanganate which had not 
been specially purified gave uncertain results in certain cases after 
keeping for two or three days (Trans., 1905, 87, 1369). It was im- 
portant, therefore, to discover if the reaction under consideration is 
affected by the age of the permanganate solution, as it is inconvenient 
to make up a fresh one every time a titration is to be made. 
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In series VIII and IX are given the results of titrating 5 c.c. of 
ferrous sulphate solution with fresh and old permanganate solu- 
tions respectively in the presence of varying quantities of hydrogen- 


chloride. 


Series VIII. Series LX. 
KMn0, KMn0, 

HCI, (fresh), Error HCl, (7 days old), Error, 
C.C. C.c. c.c. Cc. c.c. c.c. 

0 23°48 0°00 0 23°23 0°00 
10 (2m) 23°70 0°22 10 (2m) 23°48 0°25 
25 (2m) 23°90 0°42 25 (2) 23°54 0°31 
50 (m) 23°90 0°42 50 (m) 23°50 0°27 
50 (2m) 23°93 0°45 50 (2m) 23°70 0°47 


From the above results it is clear that if the permanganate is kept 
free from organic matter there is little to choose between a fresh 


solution and one several days old. 


5. Action of Manganous Sulphate. 


Attention has been repeatedly called to the fact that addition of 
manganous sulphate to the ferrous salt to be titrated in the presence 
of hydrogen chloride decreases the error considerably (see Kessler, 
Zeitsch. anal. Chem., 1863, 1, 329 ; Zimmerman, Ber., 1881, 14, 779; 
Hauffe, Chem. Zeit., 1897, 21, 894 ; Willenz, Chem. Zentr., 1899, i, 638 ; 
Baxter and Frevert, Amer. Chem. J., 1905, 34, 109; Harrison and 
Perkin, Joc. cit.; Birch, Joc. cit.). Opinion, however, seems to be 
divided as to the amount of the salt which should be taken. Tread- 
well (Anal. Chem., 1st Ed., ii, 483) suggests that the amount should 
not exceed that of the iron salt in solution. On the other hand, A. 
Miiller (Stahl u. Hisen, 1906, 26, 1477) employs larger quantities. 
Harrison and Perkin state that variation in the amount of manganous 
sulphate does not affect the titration materially when not less than 
one gram is taken. Their own results, however, do not seem to justify 
this statement (Joc. cit., p. 44), and by a curious oversight, neither the 
concentration of the iron solution nor that of the permanganate 
is given.* 

The great difficulty experienced in titrating solutions containing 
considerable quantities of manganous sulphate is that of determining 
the end-point, for in concentrated solution, in the presence of hydrogen 
chloride, the usual pink tint caused by the permanganate is apt to be 
fugitive, producing a brown coloration. ‘This may be avoided by 
diluting largely, but, as is shown above, dilution tends to increase the 


error, 
* Ina private communication Dr. Perkin has kindly informed me that he used 
N/10-permanganate solution. 
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In series X are given the results of experiments performed ip 
order to determine the effect of increasing the concentration of the 
manganous sulphate. The salt used was analysed, found to be 
free from iron, and to be correctly represented by the formula 
MnSO,,4H,0. 

Series X. 


Total volume titrated, 65 .¢.c. Conc. of HCl, m/3. 


Weight of 
MnSO,,4H,0. 


grams. Remarks. 


End point clear 


”? 9? 


Oo 
Oo 


MAWWHOCO 
Sssounecd 
oO 


> 9? 
> o) 


93 99 
Fugitive end point 
End point momentary 
No clear end point 


Theoretical value= 23°48 c.c. 


These results show that when not less than one gram of manganese 
sulphate is present the titrations under the special conditions of the 


above experiments are accurate. 


6. Correct Titrations. 


It is clear from the above that we may expect to obtain accurate 
estimations of ferrous iron by titration with potassium permanganate 
in the presence of hydrogen chloride provided that : 

1. The titration is effected slowly and with constant shaking. 

2. A sufficient quantity of manganous sulphate is present. 

3. The volume of the ferrous solution is sufficiently large to ensure 
a good end-point, but not so great as to reduce the accuracy of the 


titration. 
That our expectations may be realised is shown by the results 


detailed in series X[. 
Series XJ, 


Total volume titrated, 200 c.c. 


Weight of KMn0, Theoretical 

MnSO,,4H,O. Conc. of required, value, 
‘grams. HCl. c.c. C.C. 

3-0 m4 27°50 27°47 

m/4 25°38 25°34 
m4 25°36 25°32 
m/5 27°50 27°47 
m/5 25°38 25°34 
m/8 27°48 27°47 
m8 25°40 25°34 
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In order to ensure thorough mixing of the permanganate with the 
ferrous solution, the orifice of the burette was made smaller, so that 
thirty seconds were required to deliver 30 c.c. of liquid when the tap 
was full on. The permanganate was added at such a rate that the 
individual drops could be distinguished as they fell, and the ferrous 
solution was well shaken all the time. As the end point was 
approached, the permanganate was added very slowly, the colour of each 
drop disappearing before the next drop was added. There was no odour 
of chlorine perceptible at the end of the titrations. 

It will be evident that, when the above precautions are rigidly 
observed, fairly accurate estimations of ferrous iron may be made in 
the presence of any concentration of hydrogen chloride not exceeding 
m/4 by titration with W/10 potassium permanganate, provided the 
volume titrated does rot exceed 200 c.c. and the weight of man- 
ganous sulphate is not less than 2 grams. The results were found to 
be slightly less accurate if the concentration of the hydrogen chloride 
exceeded m/4 and the weight of manganous sulphate was appreciably 
less than 2 grams. The results given above agree well within the 
usual range of experimental error. The end-points were just as well 
defined as when the pure permanganate solution was employed. 

The research is being continued with the object of determining the 
most suitable concentrations of permanganate and manganous sulphate 
for the estimation of varying quantities of ferrous salts under different 
conditions of acidity. 
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CXXXVIII.—The Action of Sulphur Monochloride on 
Salts of Organic Acids: a Convenient Method of 
Preparing Anhydrides. 


By Wiiiiam Suita Denna. 


Heinz (Jahresber. Chem., 1856, 569) investigated the action of sulphur 
dichloride, SCl, (‘chlorschwefel,” SCl, in the old notation), on 
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anhydrous salts of organic acids, and found that the reaction always 
takes place so that a metallic chloride and sulphate are formed and 
sulphur separates. He proposed a method for the preparation of 
benzoic anhydride based on the reaction between dry sodium benzoate 
and sulphur dichloride, benzoyl chloride being first formed according 
to the equation : 


4C,H,-CO,Na + 3SCl, = 28 + Na,SO, + 2NaCl + 40,H,-COCI, 


this reacting at 150° with excess of sodium benzoate to give benzoic 
anhydride. Heintz used no solvent for the sulphur dichloride. 

The author has found that the sodium, or better, the silver, salts of 
many monobasic organic acids react smoothly with sulphur mono- 
chloride in presence of such solvents as light petroleum, ether, or 
benzene to give the chloride of the metal and unstable derivatives of 
the acids, in which, apparently, sulphur replaces the hydrogen of the 
hydroxyl group. These compounds decompose even when kept in 
sealed tubes, and the products of decomposition are found to be the 
anhydride of the acid, sulphur dioxide, and free sulphur. The follow- 
ing equations may perhaps be taken as representing respectively the 
formation and decomposition of the benzoic acid derivative : 


2C,H,-CO,Na + Cl,8, = (C,H,*CO,8), + 2NaCl. 
2(C,H,*CO,8), = 2(C,H,*CO),0 + SO, + 38. 


Similar unstable derivatives have been obtained from o0-toluic, 
m-toluic, p-toluic, acetic, phenylacetic, and propionic acids. Those 
from m- and p-toluic acids are apparently the most stable. The ready 
formation and simple decomposition of these compounds (both reactions 
appear to be quantitative) afford a convenient and rapid method of 
prepariug the anhydrides of the acids. 

It was thought to be possible that more stable compounds of the 
same kind might be obtained from derivatives of the above acids. So 
far, the silver salts of salicylic, ethylsalicylic, and o-nitrobenzoic acids 
only have been examined, and it has been found that, although reactions 
take place between these salts and sulphur chloride, they are apparently 
more complex. 

Among dibasic acids, oxalic, malonic, succinic, and the three phthalic 
acids have been studied. Of these, only the salts of succinic and 
phthalic acids appear to react at all readily, but no intermediate 
compounds have been obtained, the anhydrides alone being formed. 

Metallic derivatives of imides, for example, potassium phthalimide, 
react with sulphur chloride. A stable compound, C,H,(CO),NS, has 
been obtained in this way, and the same compound can be prepared by 
the action of sulphur chloride on phthalimide in presence of pyridine. 
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The investigation of the action of sulphur monochloride on metallic 
salts and on compounds containing imino-groups is being continued. 


EXPERIMENTAL. 


Action of Sulphur Monochloride on Sodium Benzoate.—This reaction 
has been carried out repeatedly in slightly varying ways, using different 
solvents ; the following may be taken as typical. 2°9 Grams of dry, 
powdered sodium benzoate were mixed with about 20 c.c. of light 
petroleum, and the calculated quantity (1°4 grams) of sulphur chloride 
dissolved in a few c.c. of the same solvent was added all at once. The 
mixture was then boiled on the water-bath for a hour and a-half under 
a reflux condenser provided with a calcium chloride tube; a slight 
odour of sulphur dioxide was noticed during this operation. About 
one gram of freshly reduced copper powder * was then added, and the 
boiling was continued for half-an-hour longer. The copper became 
black, and the solution green, but, on filtering, a clear, colourless 
liquid was obtained, from which crystals separated on cooling. In 
this way a good yield is obtained of the substance, (Ph-CO,S),, in well- 
defined, colourless crystals, which, however, soon turn yellow. and 
evolve sulphur dioxide, leaving sulphur and benzoic anhydride. This 
decomposition takes place even in an atmosphere of carbon dioxide, 
and in warm weather may occur instantaneously with the formation 
of a liquid mass consisting of a mixture of sulphur and benzoic 
anhydride. ‘The compound is easily soluble in alcohol, ether, benzene, 
carbon disulphide, or glacial acetic acid, more sparingly so in light 
petroleum. The solution in benzene may be kept for a day or two 
without evidence of decomposition, whilst that in glacial acetic acid 
soon decomposes. The substance, when dissolved in petroleum, reacts 
with ammonia, but no definite product other than ammonium benzoate 
could be obtained. It reacts also with aniline. 

The sulphur was estimated in some of the freshly prepared and 
recrystallised substance, which had been quickly dried by warming it 
gently in a current of carbon dioxide : 


0:5098 gave 07928 BaSO,. S=21°32. 
0:39 in 13°09 benzene gave At= —0°53. M.W.=281. 
C,,H,,0,8, requires S= 20°92 per cent. M.W.=306. 


* The copper is not essential. It was added in one experiment to see if it would 
remove the sulphur and leave benzoyl peroxide, but this did not happen. The use 
of it was continued in after experiments, since it appeared to destroy final traces of 
sulphur chloride and to be better for this purpose than excess of sodium benzoate. 
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This compound, (C,H,°CO,S),, may be prepared more readily by 
shaking together dry silver benzoate and a solution of sulphur 
chloride in ether in the manner described below for other silver 
salts. 

Action of Sulphur Monochloride on Silver Acetate.—Since sulphur 
chloride does not react readily with sodium acetate, the silver salt was 
employed, and after a number of preliminary experiments, the following 
simple method was found to give satisfactory results. 

To 2°5 grams of dry silver acetate, about 20 c.c. of dry ether were 
added, and then 0°4 c.c. (rather less than the calculated quantity) of 
sulphur chloride, dissolved in a few c.c. of dry ether. The containing 
vessel was closed and shaken for a minute, when the mixture became 
warm and the yellow colour of the sulphur chloride disappeared. 

After filtering, the ether was distilled off, the last traces being 
removed by means of a current of dry hydrogen. The compound, 
(CH,°CO,S),., was thus obtained as a clear, faintly yellow, viscous 
liquid with a faintly pungent odour. Some of it, after being kept for 
three days in aclosed flask in the ice-chest, was found to be completely 
decomposed into sulphur dioxide, sulphur, and acetic anhydride : 


06248 gave 15984 BaSO,. S=35°14. 
0°617 in 19°94 benzene gave At= -0°895. M.W.=173. 
C,H,0,8, requires S= 35°16 per cent. M.W.= 182. 


Action of Sulphur Monochloride on Silver Propionate.—This experi- 
ment was carried out exactly as was the one with silver acetate, and a 
compound, (C,H;*CO,S),, was obtained, of which the properties were 
exactly similar to those of the compound derived from acetic acid, and 
decomposed similarly : 


06910 gave 15436 BaSO,. S=30-68. 
0-998 in 16:19 benzene gave At= -159. M.W.=194. 
C,H,,0,8, requires S= 30°48 per cent. M.W.=210. 


Preparation of Propionic Anhydride from Silver Propionate.—To 
18:1 grams of dry silver propionate in about 50 c.c. of dry ether, 
4 c.c. of sulphur chloride in 20 c.c. of dry ether were added ; this 
addition must be made gradually, as otherwise the reaction may become 
too vigorous. The mixture was then shaken for a minute, and after 
filtering off the silver chloride and removing the ether by distillation, 
the syrup obtained was heated on the water-bath for an hour or two 
until decomposition was complete. The clear liquid was then decanted 
and distilled, the distillation being stopped as soon as the distillate 
appeared yellow ; 5-5 grams of the crude anhydride distilled between 
160° and 170°, the greater portion above 165°. The boiling point of 
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propionic anhydride is 168°, and the calculated yield from 18-1 grams 
of silver propionate is 6°5 grams. 

Preparation of Propionic Anhydride from Sodium Propionate—9°6 
Grams of dry sodium propionate were boiled for an hour under reflux 
with 4 c.c. of sulphur chloride in presence of 40 c.c. of light petroleum, 
alittle copper powder being added towards the end. The solution was 
then filtered from sodium chloride and treated as just described in the 
preparation from the silver salt ; 4°5 grams of the crude anhydride 
distilled over at a little below 170°. The theoretical yield is 6-5 grams. 

Action of Sulphur Monochloride on Silver Phenylacetate.—This 
reaction was carried out exactly in the way described in the case of 
silver acetate, a slight excess of the silver salt being used. The 
compound, (C,;H,-CH,°CO,S),, was obtained as a pale yellow, very 
viscous liquid with a faint odour, which partly crystallised when 
cooled in ice. If heated in the steam-oven, it decomposes in a few 
minutes, and when kept in a sealed tube, decomposition is apparent in 
two days. The only products of decomposition observed were sulphur 
dioxide, sulphur, and phenylacetic anhydride. The last-named 
substance can readily be purified by recrystallisation from benzene 
with addition of light petroleum. It was identified by a determina- 
tion of its melting point and by conversion into phenylacetic acid : 


02826 gave 0°3930 BaSO, S=19-10. 
0°795 in 16°95 benzene gave At= -0°78. M.W.=301. 
C,,H,,0,8, requires S=19°16 per cent. M.W.= 334. 


Action of Sulphur Monochloride on Silver o-Toluate.—This reaction 
was carried out much as described in the case of silver acetate, but as 
the product is a crystalline solid, it was precipitated by distilling off 
most of the ether, then adding light petroleum, and cooling in ice. 
The compound, (C,H,Me-CO,8),, is a white, crystalline, odourless solid, 
which decomposes in two or three hours. It resembles the benzoic acid 
derivative in being more stable in solution in benzene than in the solid 
state. The decomposition products were sulphur, sulphur dioxide, and 
o-toluic anhydride, which was identified by a determination of its 
melting point and by conversion into o-toluic acid : 


0°3538 gave 05120 BaSO,. S=19°82. 
0567 in 18:17 benzene gave At= —0°53. M.W.=294. 
C,,H,,0,S, requires S=19°16 per cent. M.W.=334, 


Action of Sulphur Monochloride on Silver m-Toluate.—The experi- 
ment was carried out exactly as in the case of silver acetate. The 
compound, (C,H,Me-CO,S),, was a very viscous, slightly yellow, but 
perfectly transparent syrup, with almost no odour. It is apparently 
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more stable than any of the foregoing compounds. When kept ina 
sealed tube it slowly crystallised, and the crystalline mass appeared to 
be largely undecomposed a week after preparation. When examined 
ten days after preparation, the appearance of the tube indicated that 
the substance had decomposed suddenly : 

0°3192 gave 0°4414 BaSO,. S=18°99., 

0°488 in 23°35 benzene gave At= —0°38, M.W.=275. 

C,,H,,0,S, requires S=19°16 per cent. M.W.=334, 

The decomposition products were sulphur, sulphur dioxide, and 
m-toluic anhydride. The latter was dissolved in sodium hydroxide 
solution, and on acidifying the solution, m-toluic acid was precipitated, 
m-Toluic anhydride does not seem to have previously been prepared: 

0°1816 gave 0°5008 CO, and 0:0952 H,O. C=75:21; H=5-82, . 

C,,H,,0, requires C= 75°59; H=5-51 per cent. 

m-TJoluic anhydride melts at 71° and boils about 230°/17 mm. It is 
very soluble in ether, benzene, chloroform, or other solvents, but may 
readily be crystallised from light petroleum. It is not readily attacked 
by water or by sodium hydroxide solution. It is easily prepared by 
the following method. ‘Two c.c, of sulphur chloride in 20 cc. of dry 
ether were added to 12°5 grams of dry silver m-toluate (instead of 
12°15 grams) in 50 e.c. of ether. After shaking, filtering, and 
removing the ether by distillation, the sulphur compound was heated 
on the water-bath until sudden decomposition set in, and when 
decomposition was complete, the anhydride was extracted with ether. 
A nearly theoretical yield was obtained of the crude anhydride, which 
may be purified by recrystallisation from light petroleum, making use 
of animal charcoal. 

The formation and decomposition of the compound (C,H,Me:CO,S), 
were followed quantitatively, with the following results: 12°15 grams 
of silver m-toluate gave 7°7 grams of the compound (C,H,MeCO,S), 
instead of the calculated yield, 8°3 grams ; 7°7 grams of the compound 
(C,H,Me’CO,S), gave 0°88 gram of sulphur dioxide,* 5-9 grams of 
crude anhydride (containing a little sulphur), and 0°87 gram of sulphur. 
According to the equation 2(C,H,Me-CO,S), =2(C,;H,Me°CO),0+ 
SO, + 38, 7°7 grams of the substance should yield 0°74 gram of sulphur 
dioxide, 5°7 grams of anhydride, and 1:1 grams of sulphur. 

Action of Sulphur Monochloride on Silver p-Toluate.—The reaction 
was carried out as before. The compound, (C,;H,*Me-CO,S),, begins 
to crystallise while the ether is being distilled off. It is a white, 
crystalline solid : 

02604 gave 0°3766 BaSO,. S=19°87. 

0°436 in 13°99 benzene gave At= —0°50. M.W.=312. 

C,,H,,0,8, requires S=19°16 per cent. M.W.=334. 


* Determined by the loss of weight after evolution of the sulphur dioxide. 
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A sample of this substance kept in a sealed tube was still almost 


white a week after preparation, thereafter the yellow colour slowly 
became more marked. Qn opening the tube, sulphur, sulphur dioxide, 
and p-toluic anhydride were found to be present. The anhydride was 


identified by a determination of its melting point and by conversion 
into p-toluic acid. 
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A sample of this substance kept in a sealed tube was still almost 
white a week after preparation, thereafter the yellow colour slowly 
became more marked. On opening the tube, sulphur, sulphur dioxide, 
and p-toluic anhydride were found to be present. ‘The anhydride was 
identified by a determination of its melting point and by conversion 
into p-toluic acid. 
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CXXXIX.-—-The Velocity of Decomposition of Nitro- 
glycerin by Heat. Part I. 


By Rosert Ropertson, M.A., D.Sc., F.1.C. 


AtrHoucH the decomposition of nitrocellulose at temperatures 
below the explosion point had long been a familiar phenomenon, 
the mechanism by which the removal of nitrogen from the nitric 
ester takes place was not investigated until recently, when 
Dr. Will gave the results of his experiments in two papers: 
“Untersuchungen *iiber die Stabilitit von Nitrocellulose” (Erste 
und Zweite Mitteilungen aus der Zentralstelle fiir Wissenschaftlich- 
technische Untersuchungen). In these papers the method of research 
is founded on the measurement of the nitrogen evolved in unit 
time from the nitrocellulose when this is heated at definite tem- 
peratures under such conditions that the volatile products of 
decomposition are continuously removed. From the results obtained 
many important deductions are made, of which, perhaps, the 
principal is that a normal or intrinsic decomposition is a funda- 
mental property of cellulose nitric esters, among which is gun- 
cotton. For a given temperature this normal decomposition is 
characterised by a uniformity of evolution of nitrogen, on the one 
hand, and by a certain minimum of evolution, depending on the 
degree of nitration of the cellulose, on the other. Instability may 
be detected by irregularity in decomposition, or by a_ higher 
coefficient of evolved nitrogen than is found with nitrocelluloses 
purified until they have reached their limiting state of minimum 
evolution. 

The dependence on temperature of the intrinsic evolution of nitrogen 
from fully purified nitrocellulose has been worked out by Wil), who 
gives an equation expressing the quantity of nitrogen disengaged as 
a function of the temperature. From this he calculates by exterpola- 
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tion values for the disengagement of nitrogen from nitrocellulose at 
the ordinary temperature. 

Will also discusses the nature of the decomposition of guncotton, 
and draws the conclusion that the volatile nitrogenous gases evolved 
consist for the most part of nitric oxide. 

This view is not confirmed by a long series of experiments, in 
which it is proved that not only under the conditions of the Will 
test, but also in a vacuum and under other methods of treatment, 
the nitrogen is evolved from normal guncotton to a large extent in 
the form of nitric ‘peroxide. The nitrogen in the latter form, in 
which it was estimated by a specially worked out process of quan- 
titative spectroscopic measurement of that gas, exists, indeed, under 
the continuous removal of volatile products of the Will test, to the 
extent of more than 40 per cent. of the total nitrogen (Robertson 
and Napper, Trans., 1907, 91, 761, 764). 


Decomposition of Nitroglycerin (Glyceryl Trinitrate). 


There is no previous knowledge of the mode of decomposition or 
real stability of nitroglycerin, and its liability to such a_ process 
of decomposition as has been shown to exist for nitrocellulose has 
always been doubtful, especially in view of the obvious difference 
between crystalloidal nitroglycerin—a compound of known molecular 
weight and definite constitution—and the corresponding nitric ester 
of cellulose, of which the molecular weight is very high and the 
constitution unknown. 

The matter has remained in this condition for several reasons, 
among which may be mentioned experimental difficulties connected 
with the volatility of nitroglycerin when subjected to any process of 
heating, and doubtless also the risks involved in dealing with this 
substance at temperatures above the normal. 

These difficulties have now been overcome to a great extent, 
and an apparatus (Fig. 1) has been devised for investigating the 
mode of decomposition of nitroglycerin without loss of that some- 
what volatile substance from the experimental system, and also without 
danger. 

It may be stated at the outset that the results of the experiments 
conclusively show that nitroglycerin, as well as the cellulose nitric 
esters, undergoes an intrinsic decomposition, which is a function of 
the temperature and is a fundamental property of the substance. 

A description of the experimental methods and the results obtained, 
together with a comparison of the latter with those given by gun- 
cotton, are gi ven below. 
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EXPERIMENTAL. 


A. Apparatus.—The apparatus used for the decomposition is shown 
in Fig. 1. Glass wool, made from Jena glass, impregnated by soaking 
with 0°3 to 5:0 grams of,nitroglycerin, is introduced into the horse-shoe- 
shaped tube by means of the aperture fisted with a ground-in glass 
plug, which is slightly greased with a non-reactive oil and further 
sealed with mercury. By means of the glasscocks shown in the 
drawing, the current of carbon dioxide can be directed so that it 
either passes down the right-hand spiral, through the glass wool 
impregnated with nitroglycerin and up the other spiral, or vice versa. 


Fre. 1. 


Decomposition vessel for nitroglycerin. 


At one end of the apparatus is a slip-joint, so that the whole system 
can be rotated on its axis. The point shown in the centre of the 
horse-shoe is in the axis, and forms a supporting pivot. 

The method of using the apparatus is clear from Fig. 2, which gives 
the arrangement for one of the experiments. 

The stream of carbon dioxide used for these experiments was 
specially pure, and contained only 0°02 per cent. of gas unabsorbed 
by potassium hydroxide solution. To prevent even the possibility of 
the presence of oxygen, this carbon dioxide was passed over red hot 
copper asbestos (Kreusler’s) in a, and thence to the apparatus. When 
the taps are open, as shown at 0, and 0,, the stream of gas is passed 
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through spiral s,, which is immersed in an oil-bath, the temperature 
of which is known, and is maintained uniform by a stirrer (not shown); 
after traversing the glass wool impregnated with nitroglycerin, it 
passes into spiral s,, which is outside the heated oil, is protected from 
radiation of heat from the oil by asbestos cards, and has impinging on 
it a blast of cold air, 4. In this way any nitroglycerin that has been 
volatilised in the current of carbon dioxide is condensed in spiral s,. 
After a certain period (for example, half an hour), the whole apparatus 
is rotated through 180° on its main axis, the two fixed points being 
the slip-joint, c, and the pivot, d. The spiral, s,, cooled by the air 
blast, now becomes the condenser of nitroglycerin, and any nitro- 
glycerin which has been condensed in s, is now returned to the heated 
system. The spiral under the surface of the oil serves also as a pre- 
heating worm, in traversing which the carbon dioxide is gradually 
raised to the proper temperature of experiment. By means of this 
arrangement, fixed glass tubes can be led from the rotating joint to 
any apparatus for examining or measuring the gases, and the use of 


mm bree 
Apparatus for estimating NO, and total N from nitroglycerin. 


rubber tubes, which are liable to attack by the nitrogenous gases, is 
avoided. After the lapse of another period, the apparatus is again 
rotated, when the spirals assume their reciprocal functions. 

As a further precaution against the carrying over of nitroglycerin, 
the gases pass through an ice-cooled worm, j, immediately on leaving 
the decomposition apparatus. The interposition of this worm has no 
effect on the estimation of nitrogen existing as nitric peroxide. 

After traversing the apparatus, the carbon dioxide, carrying with it 
the volatile products, was examined in a number of ways. In all 
cases, however, it was passed through an observation tube, e,and during 
its passage through this the concentration of nitric peroxide was esti- 
mated by the spectroscopic method of Robertson and Napper (Joe. cit.). 
From the concentration of nitric peroxide, the weight of nitrogen dis- 
engaged in this form was calculated. In most of the experiments the 
gas, after traversing the observation tube, was led through a com- 
bustion furnace (/), fitted with both reduced copper asbestos, to reduce 
all the nitrogenous gases to nitrogen, and also with some copper oxide 
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asbestos to oxidise any carbonaceous gases to carbon dioxide, for 
absorption in the potassium hydroxide solution contained in the 
measuring burette (g). In the latter, the unabsorbed gases are read 
off every quarter of an hour, and calculated to weight of nitrogen after 
deducting the previously determined nitrogen correction in the stream 
of carbon dioxide, the rate of which was kept uniformly at 1000 ce. 


per hour, 

B. Resulis.—(1) The disengagement of nitrogen proceeds in a 
perfectly uniform manner. This is apparent from table I, which 
shows the concentration of nitric peroxide estimated spectroscopically, 
and the volume of nitrogen disengaged per quarter of an hour for 
a period of four hours, 


TABLE I. 


Decomposition of Nitroglycerin in a Current of Carbon Dioxide at 120°. 
(0°5 gram of Nitroglycerin.) 


Rate of Carbon Dioxide Stream =1000 c.c. per hour. 


C.c. of Ng C.c. of N, 
Concentra- after com- Concentra- after com- 
tion of bustion, unab- tion of bustion, unab- 
NO, gas in sorbed by pot- NO, gas in sorbed by pot- 
CO, stream, ash solution, CO, stream, ash solution, 
spectroscopically less nitrogen spectroscopically less nitrogen 
(Quarter estimated per correction Quarter estimated per correction 
hour. cent. by volume. of the CO,. hour. cent. byvolume. of the CO,. 
1 0°04 OE 9 0° 
0°07 10 
0°09 11 
0°11 12 
0°11 13 
0°12 14 
0°12 15 
0°12 16 


i=) 
“1 


ee ee ere 


en 
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(2) The nitrogen is disengaged from nitroglycerin as nitric peroxide, 

(a) It will be seen from the results given in table I], throughout a 
considerable range of temperature, that agreement is obtained between 
the total quantity of nitrogen evolved as estimated by a Dumas 
combustion and the nitrogen estimated spectroscopically in the form 
of nitric peroxide. 

In the same table are also given, for the sake of comparison, the 
corresponding figures for guncotton according to (i) the exponential 
formula given by Will (Zweite Mitt., p. 26), and (ii) a temperature- 
coefficient of 2 for 5° (compare Brunswig, Haplossivstoffe, 1909, 
p. 29). 
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Taste II. 


Disengagement of Nitrogen from 2°5 grams. 


Nitroglycerin. Guncotton. 
N as NO, (by 
Tempera- Total N(by spectroscopic Total N Total N 
ture, combustion). observation), (method i). (method ii). (R. 
135°0° 4° 4°33 0°55 
130°0 7 2°90 0°26 
124°9 “6% 1°57 0°12 
119°8 “7! 0°80 0°055 
115°0 "36 0°39 0°026 
| 0001 


110°2 a 0°20 0°011 

105°0 . 0-086 0-005 

100°5 04: 0°043 0°002 

95:0 0: 0°024 00008 

90°3 “008 0°010 0°0003 
* Trans., 1907, 91, 775. 

(6) When the gases from the observation tube are led directly 
into potassium hydroxide, in which all the nitric peroxide would be 
absorbed together with as much nitric oxide as would combine to form 
nitrogen trioxide, no nitric oxide is ever obtained. There is there- 
fore no nitric oxide gas over and above the quantity required for the 
equation NO + NO, =N,0,. 

(c) An analytical confirmation of the evolution of nitric peroxide 
was obtained by leading the gases from the decomposition tube first 
through the observation tube and then into bulbs containing sulphuric 
acid. The latter was then shaken up in a nitrometer, and the nitrogen 
existing as nitric peroxide calculated from the nitric oxide obtained. 
The results showed that the figure thus obtained agreed with the 
figure from spectroscopic observation, being slightly lower on account 
of the inclusion of the initial period before the constant disengagement 
is established, thus : 


Exterpolated 


From 2°5 grams of nitroglycerin 
per qr. hour mg. Ng. 
N as NO, estimated spectroscopically (at 
constant evolution) 
N as NO, absorbed by H,SO, (average of 
16 quarters) 


(3) The rate of disengagement of nitrogen is markedly increased by 
rise in temperature. 

In Fig. 3 are plotted temperatures and logarithms of disengagement 
of nitrogen from the results given in table II. It will: be seen that 
between the temperatures of 95° and 125° the results fall on a straight 
line. 


From the rise in the logarithms a temperature-coeflicient of 2 for 5° 
is indicated throughout this range for increase in disengagement of 


nitrogen from nitroglycerin. 
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(4) The quantity of nitrogen disengaged from nitroglycerin exceeds 
that from guncotton when these two substances are treated under 
similar conditions, that is, on heating, with removal of catalytic 
volatile products of decomposition. This is evident from table II, 
where the observed results from nitroglycerin are compared with those 
given by guncotton, the disengagement from the latter being calculated 
by exterpolation according to both methods (i and ii on page 1245). 


Fie. 3. 


Loc mc.N, 
PER QR. HR. 
PER 2-5 GR. 
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Nitrogen from nitroglycerin, 90° to 135°. 


By the method of hydrolysis, also, Silberrad and Farmer (Trans., 1906, 
89, 1759) found the rate of hydrolysis of nitroglycerin to be much 
higher than that of guncotton. 


Conclusions. 


The decomposition of nitroglycerin with continuous removal of 
volatile products has been studied at temperatures of 90° and upwards, 
and the following conclusions are made from the results obtained. 

(1) In a suitable apparatus the decomposition of nitroglycerin 
proceeds in a manner as uniform as that of a stable guncotton when 
the volatile products of decomposition are continuously removed. 

(2) The nitrogen is disengaged for the most part, if not entirely, 
as nitric peroxide, and the estimation of the nitrogen existing as 
such by the spectroscopic method agrees with the results of estimation 
by combustion and other methods, In this respect nitroglycerin 
differs from guncotton, from which the nitrogen disengaged as nitric 
peroxide at 135° amounts to only about 40 per cent. of the total 
nitrogen. 
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(3) The rate of decomposition is a function of the temperature, and 
increases from 95° to 125°, being doubled in a rise of 5°. 

(4) Nitroglycerin has a higher rate of decomposition than guncotton 
under similar conditions and at the same temperature. 

As the spectroscopic method is capable of estimating nitric peroxide 
in even smaller concentrations than those already dealt with, further 
work is in progress to determine the manner of the decomposition 
of nitroglycerin at still lower temperatures without having recourse 
to exterpolation. 


In conclusion I have to thank Colonel Sir F. L. Nathan and Major 
J. H. Mansell, R.A., for their interest in this work, and the Director of 
Artillery for permission to publish the results. 

RESEARCH DEPARTMENT, 


Roya ARSENAL, 
Woo.Lwicn. 


CXL.—The Oxidation of Miucie Acid in Presence 


of Lron. 
By Freperic FERRABOSCHI. 


Ir has been shown by Fenton (Trans., 1894, 65, 899; 1895, 67, 48; 
1896, 69, 546; 1898, 71, 167, 472; Brit. Assoc. Reports, 1895, 
1898, 1899, etc.) that various interesting oxidations can be effected 
in presence of traces of ferrous iron as catalyst. 

Fenton and Jones (Trans., 1900, 77, 76), in a general investigation 
on the oxidation of various acids by means of hydrogen dioxide in 
presence of iron, showed that mucic and saccharic acids on oxidation 
yielded solutions which gave a deep reddish-violet colour with ferric 
chloride and sodium hydroxide, and a precipitate with phenylhydr- 
azine, The products of oxidation were stated to be very unstable, and 
were not isolated or further examined. 

An attempt to undertake such an examination has now been made 
at Dr. Fenton’s suggestion. 

The oxidation of mucic acid was first investigated, and then parallel 
experiments were made with saccharic acid. 

The following method was generally adopted for the oxidation. 
Mucic acid was boiled with a considerable volume of water, and a 
solution of the lactone acid (“ paramucic acid”) thereby obtained 
(Fischer, Ber., 1891, 24, 2136). A small quantity of pure metallic 
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iron (“ferrum redactum,”—about 0°05—0°1 gram for every 10 grams 
of mucic acid) was then dissolved in the solution. After cooling, 
hydrogen dioxide (20 volumes) was added slowly, in the proportions 
of 14—2 molecules of dioxide to one of the’ acid. Each addition of 
hydrogen dioxide produced a deep brown coloration, which gradually 
faded, and the next addition was not made until the colour had dis- 
appeared. ‘The oxidation was carried out at the ordinary temperature, 
the large volume of water preventing any appreciable rise in tempera- 
ture. 

The solution obtained after oxidation gave as its most characteristic 
reactions: Ferric chloride, followed by sodium hydroxide.—Deep reddish- 
purple colour, bleached by dilute sulphuric acid. Phenylhydrazine 
acetate.—Orange precipitate, increasing on keeping. 

Unaltered paramucic acid was always found to be present, its entire 
oxidation not being effected even when a considerable éxcess of 
hydrogen dioxide was used. 


Action of Phenythydrazine. 


Phenylhydrazine acetate (about 1 molecule for each molecule of 
hydrogen dioxide used) was added to the solution obtained after oxida- 


tion. An orange-coloured precipitate was produced, the quantity of 
which increased considerably on keeping at the ordinary tempera- 
ture. After about forty hours the precipitate was collected. 

It was a matter of considerable difficulty to obtain the substance in 
a state of purity. Crystallisation from most of the ordinary solvents 
was tried without success, the method finally adopted being the follow- 
ing. The substance was dissolved in excess of hot sodium carbonate 
solution, the sodium salt being much more soluble than the dihydr- 
azone acid itelf. Dilute hydrochloric acid was then added, when the 
dihydrazone was again precipitated. It was collected and dried at 100°. 
Hot saturated solutions in alcohol and toluene were then made, and 
the two mixed. The dihydrazone was deposited from the mixture, 
on cooling, in minute, bright yellow needles, melting and decomposing 
at 256° (quick heating). 

The substance dissolves readily in benzene, toluene, or pyridine, is 
less soluble in alcohol, ether, or chloroform, and only very slightly so 
in water : 


0°1920 gave 0:4148 CO, and 00744 H,O. C=58:92; H=4:31. 

01223 ,, 15°75 cc. N, at 14° and 761 mm. N=15°3. 

C,,H,,0;N, requires C=58-70 ; H=4°35 ; N =15-2 per cent. 

The compound would therefore appear to be the dihydrazone (or 
osazone) of an oxidation product of mucic acid, minus a molecule of 
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water, its formula having either a lactone ring (I) or a pyrazolone 
ring (II). 


(I.) CO,H-0(:N,HPh)-CH< 


0-—CO 
CH(OH) 
stiiati oAN——NPh 
(II.) CO,H-CH(OH)-CH(OH) CX: N,HPh)> C0: 

With the view of deciding between the two possibilities, the sub- 
stance was titrated at about 40° against a solution of baryta, using 
phenolphthalein as indicator. If the pyrazolone formula were correct, 
it should act as a monobasic acid, whilst if the substance had the 
lactone formula, it might, in presence of a base, act as a dibasic acid: 

0°1477 of pure crystallised oxalic acid required 18°4 ¢.c. of the baryta 
solution. 0°1903 of the substance required 8°3 c.c. 

Calculated for lactone formula, 8°12 c.e. 

Calculated for pyrazolone formula, 4:06 c.c. 

The substance would, therefore, appear to have a lactone formula, 
as represented above (1). 


>C:N,HPh 


Action of Hydrogen Chloride on the Dihydrazone in Alcoholic 
Solution. 


The dihydrazone was dissolved in absolute alcohol, and the solution 
saturated with dry hydrogen chloride. The liquid thus obtained 
yielded on evaporation clusters of bright orange-coloured needles, 
melting at 158° (quick heating) to a deep orange-red liquid. After 
twice recrystallising from alcohol, no change in melting point was 
observed, and the substance was therefore regarded as pure: 

I. 00979 gave 0°2114 CO, and 0°0451 H,O. C=58°88; H=5-12. 

II. 01510 ,, 0°3253 CO, ,, 0:0689 H,O. C=58-75; H=5'11. 
IIT. 01820 ,, 23°8 cc. N, at 16° and 749°4 mm. N=15°2. 

From the following reasons the substance appears to be an ester 
derived from the dihydrazone. 

(1) It does not dissolve readily in sodium carbonate solution in the 
cold, but dissolves easily on warming. On adding dilute hydrochloric 
acid to this solution, a precipitate is obtained which proves to be the 
original dihydrazone. 

(2) On digesting under reflux with sodium hydroxide and then 
distilling, ethyl alcohol was found in the distillate, and recognised by 
the iodoform reaction and by oxidation to acetaldehyde. 

On account of the numerical approximation between the compositions 
calculated for various ester-formule, it is not possible, from the 
analytical figures, to assign to it a definite constitution. 
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Dihydroxymucie Acid. 


With the view of isolating the products of oxidation, the solution 
resulting after the oxidation of paramucic acid was evaporated at about 
60—80° toa syrup. Darkening in colour always occurred during the 
process. The syrup was then extracted several times with alcohol. 
The alcoholic solution gave the characteristic reactions with ferric 
chloride and phenylhydrazine acetate, and reduced ammoniacal silver 
nitrate and Fehling’s solution very strongly. It contained a consider- 
able quantity of a substance which appeared, for reasons discussed at 
the end of this paper, to be ethyl hydrogen mucate. This was, toa 
large extent but not entirely, precipitated by adding to the solution 
several times its own volume of ether; most of the iron, which was 
still present in traces, being carried down at the same time. The 
filtrate, after concentration to a syrup ina vacuum over sulphuric acid, 
deposited in the course of several days crystals of an acid which was 
found to have very strong reducing properties. 

The above method of isolating the acid only yielded it in very small 
amount. An attempt was therefore made to isolate it from its lead 
salt. The lead salt, mixed with lead mucate, was precipitated by 
addition of lead acetate to the solution obtained after the oxidation. 
The mixed lead salts were suspended in ether, into which hydrogen 
sulphide was then passed. Since mucic acid is insoluble in ether, this 
process effected the separation of the oxidation product from the 
unaltered mucic acid. The ethereal solution was evaporated in 4% 
vacuum, and yielded a syrup which slowly deposited crystals of the 
acid. 

The acid was found to be soluble in water, alcohol, or acetone, and 
less soluble in ether ; it melted and decomposed at 205—207°. In 
aqueous solution it instantly reduced ammoniacal silver nitrate in the 
cold, and reduced Fehling’s solution in the cold or on very slightly 
warming. With ferric chloride, no coloration was produced, and on 
subsequently adding sodium hydroxide, a precipitate of ferrous 
hydroxide was formed. 

It is obvious from these facts that the oxidation must yield at least 
two products, since the substance isolated does not give the colour 
reaction with ferric chloride which is characteristic of the solution 
obtained after oxidation. 

Owing to the instability of the product, it was only obtained in very 
small amount. It has therefore not yet been possible to prepare by 
recrystallisation a sample sufficiently pure for very accurate analysis. 
A specimen which had not been recrystallised gave the following 
figures : : 
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0°1225 gave 0°1373 CO, and 0:0459 H,O. C=30°57; H=4:20. 
Mucic acid, C,H,,O,, + 20 requires C = 29°75 ; H=4:'17 per cent. 
The substance therefore appears to be a dihydroxymucic acid, its 
constitution, as appears below, being probably represented by the 
formula (I), and to react with phenylhydrazine as dihydroxydiketo- 
(I.) CO,H-C(OH),-CH(OH)-CH(OH)-C(OH),*CO,H 
(II.) CO,H-CO-CH(OH)-:CH(OH):CO-CO,H,2H,O 
adipic acid (11), yielding the dihydrazone, which has been prepared. 


Oxidation of Saccharic Acid in Presence of Iron. 


It is obvious that further light could be thrown on the constitution 
of the products of oxidation by examining whether or not saccharic 
acid yielded products identical with those obtained from mucic acid. 

Potassium hydrogen saccharate was therefore dissolved in water, 
together with sufficient sulphuric acid to liberate free saccharic acid. 
The solution was then treated in exactly the same way as that 
employed in the oxidation of mucie acid. After concentrating the 
solution, extracting with alcohol, and concentrating the alcoholic 
extract, a syrup was obtained which showed the reactions charac- 
teristic of the syrup obtained in the same way from mucic acid. 

The dihydrazone was prepared and purified under the same con- 
ditions as those adopted in the case of mucic acid. It was found 
to be an orange-yellow, microcrystalline substance, melting and 
decomposing at 242—244° (quick heating). When mixed with about 
one-quarter of its weight of the dihydrazone obtained from mucic acid 
(m. p. 256°), the melting point was depressed to 239—241° : 

0°1790 gave 23°45 c.c. N, at 14° and 7645 mm. N=15°6. 

From these facts it would appear that the two dihydrazones have 
the same composition, but not identical configurations. 

An ester was prepared from the dihydrazone in the same way as the 
ester of the dihydrazone derived from mucic acid. It consisted of 
bright orange-coloured needles, melting to a deep orange-red liquid at 
164—165° (quick heating). A mixture of the two dihydrazone esters 
melted at 156°. 

The fact that the oxidation products of mucic and saccharic acids 
yield derivatives which are not identical is in agreement with the 
constitution for dihydroxymucic acid proposed above. 


Note on Ethyl Hydrogen Mucate. 


Fischer (Ber., 1891, 24, 2142) states that an alcoholic solution of 
“paramucic acid,” containing traces of metallic salts, deposits a 
crystalline substance“ meltipgatabout 175°,” which “from the analyses, 
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which gave no sharp figures, probably consists for the most part of the 
monoethyl ether of mucic acid.” 

The crystals deposited from the alcoholic extract after the oxidation 
of paramucic acid (p. 1251) gave as the mean of tiree not very con- 
cordant analyses: C=39°15, H =5:97 (ethyl hydrogen mucate requires 
C=40°34, H=5°88 per cent.), and melted at temperatures ranging 
between 175° and 181°. These facts are in agreement with Fischer’s 
description of the substance supposed by him to be impure ethyl 
hydrogen mucate. 

The substance has an acid reaction, is soluble in water or alcohol, 
but practically insoluble in ether. It reduces Fehling’s solution on 
boiling, and gives a “silver mirror,” in these respects resembling 
paramucic acid. 

Titration with baryta gave the following result : 

00200 of pure crystallised oxalic acid required 28°7 c.c. of the 
baryta solution. 0°0766 of the substance required 28°5 c.c. 

Calculated for ethyl hydrogen mucate, 29°1 c.c. 

The substance may therefore be regarde as identical with Fischer’s 
impure ethyl hydrogen mucate. 


I wish to express my sincere gratitude to Dr. Fenton for suggesting 
to me the above line of investigation, and for his valuable advice 
during its progress. 

THe UNIVERSIry CHEMICAL LABORATORY, 
CAMBRIDGE, 


CXLL—The Intramolecular Rearrangement of Diphenyl- 
J bie aii 
amine ortho-Sulphoxides. 


By Epwarp DE Barry Barnett and SaMvEL SMILEs. 


In continuing the study of the derivatives of S-phenylphenazo- 
thionium, we desired to obtain a sulphoxide of diphenylamine which 
possesses stronger acidic properties than the dinitro-compounds 
previously employed, and for this purpose we undertook the prepara- 
tion of the polynitro-derivatives of this group. The nitration of thio- 
diphenylamine has been studied by Bernthsen (Annalen, 1885, 230, 
116), who, by carefully regulating the action of the nitric acid, 
isolated the di-para- and isodinitro-derivatives. We find that by 
conducting the nitration under more severe conditions, the tetranitro- 
sulphoxide is formed. In accordance with the facts previously 
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collected by Bernthsen (Joc. cit.) from the dinitro-compounds, and by 
Stérmer and Hoffmann (Ber., 1898, 31, 2535) from the nitration 
of diphenylamine, and also from the general rules governing the 
nitration of aromatic amines, the tetranitro-sulphoxide must have the 
constitution (I). 

During the investigation of this substance it was observed that 
with certain reagents—such as a solution of hydrochloric acid in 
concentrated sulphuric acid—it is transformed into an _ isomeric 
compound, and, extending the inquiry to other sulphoxides of this 
series, we have found that the transformation is a general one. 

It will be shown that the reaction consists essentially in the 
conversion of the imino-sulphoxide structure (II) into the ortho- 
quinonoid azothionium arrangement (III). 

NO, NH NO, NH N 


(WYWN YSN, tte HY tt 0 


| | Ino = 
NON AAO VA J/ ~ \Ayy 
sO S-OH 
(I.) ba (III.) 

The reaction cannot be strictly termed an isomeric change, since under 
ordinary circumstances the azothionium products are found to contain 
a supplementary molecule of water, which as a rule does not occur in 
the sulphoxides. This molecule of water may, however, be removed, 
and the tetranitro-sulphoxide which contains the additional water 
yields an isomeric azothionium hydroxide. 

On general considerations it might be considered possible that 
in this reaction fission of the thiazine ring (IV) takes place. If this 
were the case, the red substances obtained would have either the 
structure of a diphenylaminesulphinie acid (V) or that of an amino- 
phenol sulphoxide (VI). 

NH NH 
fxs sf he de \ i ‘OH NH.Z o\ 


| NOs | | NOs | | NOz | | NOs | | ee so__" | 
WWF OW ZS Nye? ww 
SO $0, Hi 
(IV.) (V.) (VI.) 

But apart from the improbability of this occurrence, these 
structures for the products of the reaction must be rejected, chiefly for 
the following reasons : 

(i) It is difficult to imagine how substances of either of these types 
could lose water without producing the original sulphoxide. 

(ii) The dinitro-products do not show the weakly acidic properties 
of the corresponding sulphoxides. They do not form sodium salts 
under the usual conditions with aqueous alkali hydroxide, whereas 
substances of either of these structures (V or VI) must do so. 
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(iii) The unsubstituted derivative obtained from diphenylamine 
ortho-sulphoxide is a base of moderate strength, since the salt is incom- 
pletely hydrolysed by boiling aqueous sodium carbonate. According 
to the latter of the given structures, the substance should be a weak 
base, and according to the former, an acid. 

(iv) We have not been able to obtain benzoyl or alkyl derivatives 
of these substances. 

The reaction was first studied with the previously-mentioned nitro- 
sulphoxides, and in these cases there are only two alternative structures 
for the isomeric products : 

N N 
/\~N/N 0YY 
ale et ge 
SO S:OH 
(VIL.) (VIII.) 

According to the first scheme they would be represented as para- 
quinonoid nitronic acids, and according to the second, as ortho- 
quinonoid sulphonium hydroxides. 

That the first alternative cannot be entertained is evident from the 


H 


following considerations : 
(i) The tetranitro-sulphoxide when treated with dilute aqueous 


sodium hydroxide is converted into a red sodium salt, which, accord- 
ing to the researches of Hantzsch and many others on similarly 
constituted compounds, must contain the para-quinonoid structure. By 
carefully treating the sodium salt with mineral acid, the red nitronic 
acid is liberated, but it is very unstable, and, during the process 
of isolation, changes into the original bright yellow sulphoxide. The 
product obtained from the tetranitro-sulphoxide by the action 
of hydrochloric acid cannot be the nitronic acid, for it is a quite 
stable substance, and, in fact, is formed when the sulphoxide is 
heated to about 180°. 

(ii) In alcoholic solution with sodium ethoxide the tetranitro-, 
di-para-nitro-, and isodinitro-sulphoxides form red solutions of the 
nitronic salts. If the red isomeric forms of these sulphoxides had the 
nitronic structure, they should yield the same salts under these con- 
ditions ; but they do not, their salts being green or blue in alcoholic 
solution. 

(iii) The dinitro-compounds do not form salts with dilute aqueous 
sodium hydroxide, and are thus of weaker acid character than the 
sulphoxide forms, which yield salts under these conditions. It has 
previously been shown (Smiles and Hilditch, Trans., 1908, 93, 149) 
that the entrance of nitro-groups into the benzene nucleus of 
thiodiphenylamine weakens the basic properties of the quadrivalent 
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sulphur in the derivatives of S-phenylphenazothionium. Moreover, 
Kehrmann (Ber., 1906, 39,914) has observed a similar relation 
in the ortho-quinonoid derivatives of phenazothionium. If this 
intramolecular rearrangement does not involve the nitro-groups, 
but merely concerns the thionyl and imino-groups of these sulph- 
oxides, it follows that the unsubstituted diphenylamine sulphoxide 
(IX) should undergo the same change; moreover, the nitro-groups 


NH N N 
VY on \YV: . aaa 
NNV/ J\N/\N NAV 
sO S-OH SCl 
(IX.) (X.) 


being removed, the sulphonium base should be of stronger charac- 
ter and should furnish more stable salts (X). This is actually 
the case. Diphenylamine ortho-suiphoxide is formed by the inter- 
action of hydrogen dioxide and thiodiphenylamine. The constitution 
of the product of this reaction might be considered doubtful, since 
Dunstan and Goulding (Trans., 1899, 75, 792, 1004) have shown that 
hydrogen dioxide converts the secondary aliphatic amines into di-B- 
alkylhydroxylamines, but ample proof that the substance is a sulph- 
oxide and does not contain the alternative hydroxylamine structure is 
afforded by the facts: (i) that under the same conditions dipheny]- 
amine is not attacked by hydrogen dioxide ; (ii) that the substance 
does not show the strong reducing properties to be expected of a 
hydroxylamine derivative ; and (iii) that hydrogen dioxide converts 
the aromatic sulphides into sulphoxides (Gazdar and Smiles, Trans., 
1908, 93, 1833). 

When this sulphoxide is submitted to the action of aqueous hydro- 
chloric acid it is at once converted into phenazothionium chloride, 
thus giving final proof that the products of this reaction possess the 
azothionium structure. It may be observed that Kehrmann (Ber., 
1901, 34, 4170) has already obtained the chloride and other salts 
of phenazothionium by the acid oxidation of thiodiphenylamine. 

From a comparison of the formule of the sulphoxides with those of 
the corresponding sulphonium bases, it would seem that this intra- 
molecular change merely consists of the migration of hydrogen from 
the imino-group to the oxygen of the thionyl group. We have found 
reason for believing that this is not the true explanation of the 
reaction, but that the latter instead takes place by migration of 
hydroxyl from the quadrivalent sulphur to tervalent nitrogen. Since, 
however, our experiments are not yet complete, we reserve the dis- 
cussion of this question for a future occasion. At present it is 
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sufficient to observe that, to be satisfactory, any theory of the 
mechanism must account for the following facts : 

(i) The reaction proceeds more easily the stronger the basic 
character of the quadrivalent sulphur. 

(ii) At least with the unsubstituted sulphoxide, the change is 
favoured by increasing the concentration and strength of the acid. 

(iii) The anomalous behaviour of the tetranitro-sulphoxide, which, 
although the most difficult of the series to convert with acid reagents, 
is the only one transformed by the action of heat. 

(iv) The absorption of the elements of water during the reaction. 

It is our intention to extend the study of this reaction to aromatic 
hydroxy- and amino-sulphoxides and sulphonium bases. 


EXPERIMENTAL. 
Tetranitro-derivatives. 


Tetranitrodiphenylamine a 
(NO,),U,H H<S nae H,(NO,).. 


—Thiodiphenylamine is heated in an open vessel for about two hours 
with an excess of fuming nitric acid (D 1°5), and the solution is then 
poured into an excess of water and washed until the acid is completely 
removed. It is difficult exactly to define the conditions necessary to 
obtain a pure product. If the action be allowed to proceed too far, 
the liquid will be found to contain sulphuric acid, and the product 
must then be treated with acetone to remove the polynitro-derivatives 
of diphenylamine which are formed. If, however, the reaction be 
stopped at a suitable point before sulphuric acid appears in the 
solution, the product is almost pure and the yield quantitative. A 
sample was prepared for analysis by crystallisation from nitrobenzene, 
and it was thus obtained in minute, lemon-yellow crystals : 


00966 gave 0°1285 CO, and 0:°0219 H,O. C=36:27; H=2°5. 

01984 ,, 02671 CO, ,, 00378 H,O. C=36-'71; H=2°1. 

04278 ,, 02484 BaSO,. S=7°97. 

C,,.H,0,N,S requires C= 36:54 ; H=1:27; S=8:10 per cent. 

When recrystallised from p-tolyl methyl ether the substance 
separates in long needles which contain the solvent, but the latter 
may be removed by washing with alcohol or ether, when the crystals 
break up into a fine powder. Probably these crystals contain two 
molecular proportions of the phenolic ether, but the correct amount is 
difficult to determine, since it is very loosely combined. Two samples 
were analysed. 

VOL, XCV. N 
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(1) Dried in a vacuum : 

0°0843 gave 0°1500 CO, and 0:0306 H,O. C=48°53; H=4-03. 

(2) Dried in air at atmospheric temperature and pressure : 

0°1391 gave 0°2572 CO, and 0°0562 H,O. C=50°42; H=4°49. 

C,,H,;O,N,S,C,H,,0 requires C = 46°4 per cent. 
C,,H;O.N;S,(C,H,,0), , C=563 _,, 

The product obtained by the correct nitration of thiodiphenylamine, 
and without further purification with high boiling solvents, is the 
pure sulphoxide, but it now contains an additional molecule of 
water. A sample which had been- dried in the steam-oven was 
analysed : 

0°1041 gave 0°1331 CO, and 0°0162 H,O. C=34°87; H=1°73. 

04462 ,, 0°2540 BaSO, S=7°'88. 

0°1876 ,, 27°8c.c. N, at 20° and 744mm. N=16-90. 
C,,H;0,N,S,H,O requires C=34°81; H=1:69; S=7°75; N=16°95 

per cent. 

When this substance is heated to 180—200°, only a slight loss in 
weight occurs, but the greater portion of the sulphoxide is transformed 
into the sulphonium hydroxide. That this hydrated sulphoxide is not 
the sulphone, which differs from it only slightly in elemental com- 
position, is proved by the fact that it may be réduced to diamino- 
thionine, and it appears from the work of Bernthsen (Ber., 1906, 39, 
1807) that the nitrosulphones of this series are not thus converted 
into thionine derivatives. Moreover, it will be later shown that the 
substance may be condensed with phenetole, yielding the salt of the 
S-phenetyl derivative, and this reaction shows the presence of the 
thionyl grouping. 

Tetranitrodiphenylamine ortho-sulphoxide does not melt below 250° 
and it is very sparingly soluble in the usual organic media of low 
boiling point. . 

Sodium Salt.—This sulphoxide behaves as a weak acid, and with 
aqueous sodium hydroxide furnishes a scarlet sodium salt. When 
boiled with this reagent some decomposition takes place, one or more 
nitro-groups being displaced, but when triturated with a warm aqueous 
solution of the alkali hydroxide a red, flocculent precipitate is deposited. 
Kstimation of sodium in two different samples showed that it is 
probably an acid salt : 

0°3533 gave 0°0269 Na,SO,. Na= 2°47. 

0°4160 ,, 0:0369 Na,SO, Na= 2°87. 

C,,H,O,N,SNa,C,,.H,O,N,S requires Na = 2°85 per cent. 

It seems to be very readily decomposed into its components by 
treatment with cold acetone, which dissolves the normal sodium salt, 
leaving the sparingly soluble yellow acid. 
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A sample of the sodium salt obtained in this manner was 


analysed : 
0:4160 gave 0°0503 Na,SO,. Na=4:°36. 
C,,H,O,N,SNa requires Na = 5:52 per cent. 

The addition of dilute mineral acids to the aqueous solution of the 
sodium salt furnishes a precipitate of a red form of the sulphoxide. 
A sample of this substance was collected and washed with cold water 
until free from excess of acid, but on being dried in the steam-oven 
for analysis it rapidly changed colour, and finally became orange- 


coloured : 

0:1010 gave 0:1287 CO, and 0°0187 H,O. C=34°75 ; H=2°10. 

C,,H,0O,N,S requires C = 34°81 ; H= 1°69 per cent. 

Diaminothionine.—Tetranitrodiphenylamine ortho-sulphoxide was 
mixed with alcohol and reduced with tin and hydrochloric acid in the 
usual manner. The colourless solution was mixed with excess of 
aqueous ferric chloride, and finally the precipitation of the dye was 
completed by the addition of salt solution. The precipitate was 
collected and treated with concentrated hydrochloric acid, which 
dissolved the amino-derivative, Jeaving the insoluble residue of 
inorganic matter. The dye-stuff was obtained in deep blue scales by 
mixing the hydrochloric acid solution with water and keeping the 
mixture for some days at the atmospheric temperature. Several 
unsuccessful attempts were made to remove by physical means the 
excess of hydrochloric acid contained in this substance, but analysis 
showed that the content of carbon was too low, and that of halogen 
too high, for the monochloride, and these did not correspond with 
any definite formula. However, it seems that treatment with dilute 
aqueous sodium carbonate removes the excess of acid, since it was 
found that 

0°1006 gave 0°1615 CO, and 0:0354 H,O. C=43:7; H=3°9. 

C,,H,.N,CIS,2H,O requires C = 43:76 ; H = 4:25 per cent. 

but further analysis of the substance was not made. 

Diaminothionine chloride is soluble in hot water or alcohol. In the 
latter solvent it exhibits a red fluorescence. 

The platinichloride was obtained as a brown, crystalline powder by 
adding aqueous chloroplatinic acid to a solution of the chloride : 


0°3351 gave 0:0732 Pt. Pt=21°55. 
C,,H,,N,,Cl,S,Pt requires Pt = 21°10 per cent. 


Tetranitrophenazothionium hydroxide, 
N-— 
(NO,),C5Hs<cig H) >C,H,(NO,)., H,0. 


—The following methods of preparation were carried out with the 
4N 2 
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hydrated form of the sulphoxide, the analysis of which is described on 
a former page. 

(a) With Hydrochloric Acid in Sulphuric Acid Solution.—Unlike 
the other sulphoxides of this series, the tetranitro-derivative dissolves 
in concentrated sulphuric acid without intense colour ; the solution is 
a greenish-yellow colour. The addition of hydrochloric acid to this 
solution causes the appearance of a bright red colour, and the reaction 
is a very delicate one. The same effect is produced by phenetole and 
similar compounds, and it will be shown later that with these reagents 
the S-phenyl derivatives of the series are formed. It may be remarked 
that with thiophen the reaction is so delicate that it may be used as a 
test for the presence of this substance in benzene. 

A mixture of excess of concentrated sulphuric acid with tetranitro- 
thiodiphenylamine ortho-sulphoxide was saturated at atmospheric tem- 
perature with hydrogen chloride. The passage of the gas was continued 
for about twenty-four hours, and the mixture was continually stirred. 
When the yellow particles of the sulphoxide seemed to have completely 
disappeared, the deep red solution was filtered through glass wool and 
then slowly poured on to pounded ice. The precipitate was collected 
and washed until the sulphuric and hydrochloric acids were completely 
removed. After purification the substance contained no halogen : 

0°1926 gave 0°:2594 CO, and 0°0392 H,O. C=36°73; H=2°26, 

01974 ,, 01007 BaSO,. S=7-70. 

C,,H,O,N.S requires C=36°46 ; H=1'27 ; S=8-09 per cent. 

It may be observed that the transformation does not take place with 
sulphuric acid alone, and this distinguishes the tetranitro- from the 
other derivatives which are readily converted by this reagent. 

(b) With an Alcoholic Solution of Hydrochloric Acid.—The tetranitro- 
sulphoxide was mixed with a solution of hydrogen chloride in absolute 
alcohol which had been saturated with the gas at the atmospheric 
temperature. A portion of the sulphoxide at once dissolved, giving 
a deep red solution. The reaction was allowed to continue (1) by 
keeping the mixture at the laboratory temperature for twenty-six days, 
or (2) by heating the mixture in a sealed tube to 150° for five hours. 
In the latter case, when the cold tube had been opened and the excess 
of ethyl chloride had been allowed to evaporate, the thionium hydroxide 
was obtained in large, blunt, bright red prisms. After purification, 
the products from the two sources were dried at 100° and analysed : 

(I) 0°1045 gave 0°1337 CO, and 0:0194 H,O. C=34:89; H=2°07. 

(If) 0°1033 ,, 0:1316CO, ,, 0°0205 H,O. C=34'84; H=1°81. 
C,,H;O,N,S requires C = 34°81 ; H=1-69 per cent. 

Tetranitrophenazothionium hydroxide does not melt below 250°. It 

is insoluble in water and very sparingly soluble in the usual organic 
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solvents, but it is rather more soluble in acetone, giving a red solution 
from which it is deposited on spontaneous evaporation in red needles. 
Tetranitrophenazothionium hydroxide may also be obtained by heating 
the sulphoxide to 180—200° for a few hours. No appreciable loss of 
weight takes place, and the product is dark red in colour, and furnishes 
the green colour with alcoholic alkali hydroxide which is characteristic 
of the azothionium form. 

Sodium Salt.—When triturated at the ordinary temperature with 
10 per cent. aqueous alkali hydroxide, tetranitrophenazothionium 
hydroxide forms a sticky, green mass, which is converted by cold 
water into a red sodium salt. This could not be obtained sufficiently 
pure for analysis. The alcoholic solution of this tetranitro-derivative 
gives a green colour with sodium ethoxide. 

Oxidation.—Tetranitrophenazothionium hydroxide is readily attacked 
by concentrated nitric acid, and is thereby oxidised to the sulphone. 
After purification, the product of this reaction was analysed : 

0°1004 gave 0°1292 CO, and 0:°0250 H,O. C=35:°05; H=2°76. 

C,,H,0,,N,S requires C= 35°04 ; H=1-22 per cent. 

That the substance is not the hydrated form of the sulphoxide is 
shown by theaction of alkali hydroxide, which furnishes a well-defined 
crystalline salt, and by the very weak red coloration produced by 
adding hydrcchloric acid to the sulphuric acid solution of the substance. 
The weak colour produced is no doubt due to the presence of traces of 
the sulphoxide in the azothionium hydroxide. 


Dinitro-derivatives. 


The dinitrodiphenylamine sulphoxides employed were those pre- 
viously obtained by Bernthsen (loc. cit.) by the regulated action of 
nitric acid on thiodiphenylamine. These substances are far more 
readily converted into the azothionium compounds that the tetranitro- 
compounds described in the previous pages ; in fact, the rearrangement 
can be effected by sulphuric acid or alcoholic hydrochloric acid in a 
few hours at the laboratory temperature. 

3: 9-Dinitrophenazothionium Hydroxide, 


NOyO3Hy <0 Coy’ NO, HO. 


Di-p-nitrophenylamine sulphoxide was treated in the three following 
ways: 

(a) Concentrated Sulphuric Acid.—The rearrangement of the 
sulphoxide to the azothionium form takes place only slowly with 
this reagent, and it is difficult to obtain a pure product, since the 
azothionium hydroxide is decomposed by the acid before the sulphoxide 
has been completely transformed. In one experiment the brown 
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solution of the sulphoxide in sulphuric acid was kept for one hour 
and then poured into water. After being purified and dried, a sample 
was analysed : 

0-1011 gave 0:1745 CO, and 0°0269 H,O. C=47:07; H=2°9. 

C,,H,0,N,S requires C= 47:2; H =2°3 per cent. 

The product was evidently a mixture of the sulphoxide and the 
sulphonium form, since it was pale brown in colour and did not give 
the pure green with alcoholic alkali hydroxide. 

In another experiment the solution of the sulphoxide in concen- 
trated sulphuric acid was kept for a longer time. After sixteen 
hours the solution had become green, and had a strong odour of 
oxides of nitrogen. The precipitate now formed by pouring into cold 
water was collected, and, after thorough washing, was extracted with cold 
dilute sodium hydroxide solution, in which the greater part dissolved. 
The alkaline solution was acidified, and the precipitate was collected, 
dried, and recrystallised from nitrobenzene. The treatment with 
aqueous sodium hydroxide was repeated. An analysis of a purified 
sample gave the following result : 

0°1856 gave 0:°3292 CO, and 0:0646 H,O. C=484; H=3°'8. 

C,,H,,0;N,8 requires C= 48'9; H=3°4 per cent. 
These data show that the dinitrophenazothionium hydroxide (I) 


at first produced is acted on by the excess of sulphuric acid, nitrous 
acid being liberated and hydroxyl being introduced in place of the 


nitro-group. 
N N 
OL wo, + ao Lou +000 
‘i — i 
a A All NAYS 


OH 
(I.) 
3-Nitro-9-hydroxyphenazothionium hydroxide forms minute, reddish- 
brown crystals, which are insoluble in water and alcohol. The solutions 
in aqueous sodium hydroxide are reddish-violet. 
 (b) With Hydrochloric Acid in Sulphuric Acid Solution.—The 
process employed was similar to that described under the tetranitro- 
derivative ; but here the reaction was complete in about four hours. 
As obtained by this method, the product was isomeric with the original 
sulphoxide, and it did not contain halogen : 
0°1000 gave 0°1725 CO, and 0°0264 H,O. C=47:04; H=2°9. 
02655 ,, 02084 BaSO, S=10-76. 
C,,H,O,N,S requires C=47'2 ; H=2°3; S=10°49 per cent. 
Analysis of the sample of sulphoxide employed in this reaction gave 
C= 47:2 per cent. 
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(c) With Alcoholic Hydrochloric Acid.—The finely powdered sulph- 
oxide was shaken with this reagent for four or five hours at the 
laboratory temperature. If the quantity of the reagent taken be 
sufficient to dissolve the sulphoxide, the transformation can be more 
rapidly effected, since then the azothionium hydroxide crystallises 
from the solution in about one hour or even less. In either case the 
crystalline mass was separated from the mother liquor, and washed with 
alcohol and, finally, with water. The product did not contain ionisable 
halogen, but it was observed that if the action of the halogen acid was 
prolonged, or if the temperature was allowed to rise above the ordinary 
limits, traces of halogens may be present in other forms of combina- 
tion. This impurity seems to consist of a colourless substance, which 
we have isolated but not yet fully examined. The crude product was 
crystallised from nitrobenzene or from aniline: 


0'1502 gave 0°2432 CO, and 0-0396 H,O. C=44:16; H=2-93. 
00967 ,, 10°8c.c. N, at 13° and 767 mm. N=13:25. 
C,,H,O,N,8,H,O requires C= 44°58 ; H=2°8 ; N=13-0 per cent. 


The supplementary molecule of water present in the substance 
prepared in this manner cannot be removed at 100°, and attempts to 
displace it at higher temperatures were unsatisfactory, since some 
decomposition seemed to take place. 

3 : 9-Dinitrophenazothionium hydroxide is insoluble in water, alcohol, 
or ether, slightly soluble in hot glacial acetic acid, and easily so in hot 
aniline or nitrobenzene, It forms chocolate-brown needles, which melt 
and decompose at about 240°. Solutions in concentrated sulphuric 
acid are deep green in colour. 

Sodium Salts. —The azothionium hydroxide does not form salts with 
cold aqueous alkali hydroxide, and it is apparently decomposed by the 
boiling reagent. With alcoholic alkali hydroxide it yields an intense 
green coloration, ‘This behaviour sharply distinguishes the substance 
from the corresponding sulphoxide. The latter is sparingly attacked 
by cold aqueous alkali, giving bright red solutions of the sodium salt, 
and it is readily soluble in the alcoholic reagent, producing the same 
colour. When the sulphoxide is warmed with aqueous sodium hydroxide, 
the sodium salt is readily obtained in well defined, glistening scales. 
Two recrystallised specimens of this salt were dried in the steam-oven 
and analysed : 

(a) 0:2198 gave 00310 Na,SO,. Na=4°59. 

02181 ,, 01560 BaSO,. S=9°81. 
(6) 0°2844 ,, 00381 Na,SO,. Na=4:34. 
C,,H,0;N.S,2C,,H,O,N,SNa requires Na= 4°79 ; S=10-0 per cent. 


Reduction of the dinitroazothioniam hydroxide with zine dust and 
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hydrochloric acid, and subsequent oxidation of the leuco-base with 
ferric chloride, furnishes thionine. 

Oxidation with chromic acid in glacial acetic acid solution yields a 
bright yellow, crystalline substance, which is soluble in hot nitrobenzene 
and does not melt below 250°: 

0°1047 gave 0°:1642 CO, and 0°0264 H,O. C=42:'76; H=2°8. 

C,,H,O,N,S,H,O requires C = 42°48 and H = 2°65 per cent. 

This substance is therefore probably the sulphone, but we have been 

unable to prove that fission of the thiazine ring has not taken place. 


isoDinitrophenazothioniwm Hydroxide, NO," Ops <g(O > CoH" NO,, 


—This was prepared from isodinitrodiphenylamine sulphoxide by the 
action of alcoholic hydrogen chloride, the procedure being the same as 
that previously described for the other nitro-derivatives. The trans- 
formation -is effected in about the same time as that of the di-p-nitro- 
sulphoxide. The product which crystallised from the acid mother 
liquor was thoroughly washed with alcohol and water, and if care be 
taken to regulate the action of the halogen acid, the substance thus 
obtained is quite free from halogen, and consists of the pure hydrated 
form of the thionium derivative. A sample which had been dried at 
100° was analysed : 

0:1000 gave 0°1622 CO, and 0:0255 H,O. C=44:24; H=2°83. 

0:2551 ,, 0°1854 BaSO,. S=9°96. 

C,,H,O,N,S,H,O requires C = 44:58; H=2:8; S=9-91 per cent. 

When the substance was crystallised from aniline, it was obtained 
in the anbydrous form : 

0:1002 gave 0°1749 CO, and 0:0242 H,O. C=47:60; H=2°6. 

071596 ,, 19°2 ce. N, at 12° and 7446 mm. N=13°93. 

C,,H,0,N,S requires C= 47:2; H=2°3; N=13°77 per cent. 

isoDinitrophenazothionium hydroxide is insoluble in cold alcohol or 
water, and readily soluble in hot aniline or nitrobenzene. It forms 
chocolate-coloured needles, which melt and decompose at 199°. In its 
chemical behaviour the substance closely resembles the di-p-nitro- 
compound. It does not yield an alkali salt with cold aqueous sodium 
hydroxide, but the alcoholic solution when mixed with sodium hydr- 
oxide develops adeep blue colour. It is readily soluble in concentrated 
sulphuric acid, the solution being reddish-brown in colour. 

Reduction and oxidation furnish similar products to those obtained 
from the di-p-nitro-compound. 
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Unsubstituted Derivatives. 


Diphenylamine ortho-Sulphoxide, C,H <eo>0 yA solution of 


5 grams of thiodiphenylamine in about 150 c.c. of acetone was rendered 
alkaline with a few drops of sodium ethoxide solution. Three grams 
of a 30 per cent. solution of hydrogen dioxide were then added, more 
acetone being added if necessary to retain the diphenylamine in 
solution. The mixture was then kept at the atmospheric temperature. 
The sulphoxide was gradually deposited in large, prismatic needles, 
which at the end of ten days were collected, 3 grams being obtained. 
Diphenylamine ortho-sulphoxide obtained in this manner is almost 
pure, but it may be recrystallised from acetone, in which it is sparingly 
soluble: - 
0°1023 gave 0°2501 CO, and 00411 H,O. C=6668; H=4-4. 
C,,H,ONS requires C= 66°98 ; H = 4°16 per cent. 


The substance melts with profound decomposition at about 250°. 

This unsubstituted sulphoxide is converted into the azothionium 
base more easily than any of the others here described. The change 
is instantaneously effected by aqueous mineral acids, and slowly by 


hot glacial acetic acid. With concentrated sulphuric avid it gives 
a green solution, which turns red on dilution with water. 


y = 
Phenazothionium Chloride, OpH,<So,>CoH »H,0.—Diphenylamine 


ortho-sulphoxide, in quantities of about 1 gram at a time, was shaken 
with a freshly prepared solution (15 c.c.) of hydrogen chloride in dry 
alcohol. Care was taken not to allow the temperature to rise above 
the ordinary limits. The sulphoxide at once dissolved, the liquid 
assuming an intense reddish-brown colour, and in about ten minutes 
phenazothionium chloride crystallised from the mother liquor in dark 
brown needles. These were collected, and, after being washed with 
alcohol, were dried for analysis to constant weight in a vacuum over 
solid alkali hydroxide : 
01013 gave 0:2130 CO, and 0:0331 H,O. C=57:34; H=3°63. 


When this sample had remained for two days longer under diminished 
pressure it was again analysed : 


0°1592 gave 0°3338 CO, and 0°°572 H,O. C=57:19 ; H=3°99. 
C,,H,NCIS,H,O requires C=57°22; H=3-98 per cent. 

When heated at 100° for a short time, this substance is transformed 
into a green compound, which is apparently also formed by diluting 
the aqueous solution. Alkali hydroxide precipitates this green 
substance from an aqueous solution of the chloride. Phenazo- 
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thionium chloride contains ionisable chlorine, but the salt is not 
completely hydrolysed by boiling aqueous sodium carbonate solution. 
Other salts of this and similar bases have been previously described 
by Kehrmann (Ber., 1901, 34, 4170), who obtained them by the acid 
oxidation of thiodiphenylamine derivatives. 

The investigation of this rearrangement is being continued with the 
object of determining the mechanism of the reaction. 


In conclusion, we desire to express our thanks to the Research 
Fund Committee of the Chemical Society for a grant which has 
defrayed the expense of this research. 

THE OrGANIC CuEMIstkY LABORATORY, 


UNIVERSITY COLLEGE, 
LonpDON. 


CXLIL—isoQuinoline Derivatives. Part I. Oxidation 
of Laudanosine. 
By Frank Lee Pymay, 


Tue alkaloids cotarnine (I) and hydrastinine are particularly in- 
teresting, not only on account of their therapeutic value, but also 
by reason of their chemical properties, for they are at the same time 
secondary amines and benzaldehydes, and form salts derived from 
3 : 4-dihydrotsoquinolinium hydroxide. They have hitherto been the 
only known members of the class they represent, and are produced by 
the oxidation of the similarly constituted alkaloids narcotine (II) and 
hydrastine respectively together with opianic acid (III) according to 
the en i cotarnine) : 


éYY on, 


| + 


NAA NMe 


Oued CHO 


(I.) (III.) 
Cotarnine and hydrastinine may also be prepared by the oxidation of 
their reducticn products, bydiocotarnine and bydrohydrastinine re- 
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spectively, of which the former occurs naturally in opium, and this 
fact led Freund and Beck (Ber., 1904, 37, 1942) to attempt the 
preparation of 2-8-methylaminoethylbenzaldehyde by the oxidation of 
N-methyltetrahydroisoquinoline ; this oxidation, however, did not 
take place in the desired direction. No other methods of preparing 
these or like compounds have hitherto been described, but it is in- 
teresting to note that Freund and Beck (Ber., 1904, 37, 3321) 
attempted to prepare 6 : 7-dimethoxy-2-methyltetrahydroisoquinoline 
(XI), a compound corresponding with hydrocotarnine or hydro- 
hydrastinine, from papaveraldine, but without success. 

Now, Decker and Klauser (Ber., 1904, 37, 520) and Decker and 
Pschorr (Ber., 1904, 37, 3397) have shown that the WN-alkyliso- 
papaverines (IV) yield on oxidation by means of air in dilute alkaline 
solutions dimethoxy-N-alkylisoquinolones (V) and veratraldehyde( VI). 


CH 


(V.) (VI.) 

It therefore seemed possible that laudanosine (V-methyltetrahydro- 
papaverine) might behave like narcotine and hydrastine towards 
oxidising agents and yield products similar to those furnished by 
these alkaloids, and this proved to be the case, Laudanosine (VII) 
is readily oxidised by manganese dioxide and sulphuric acid, yielding a 
new base, 4 : 5-dimethoxy-2-B-methylaminoethylbenzaldehyde (VIII), and 
veratraldehyde. 

CH, 
Meo “NcH, 


OH, 
Meo’ \” NCH, 


+0, * Meo). NHMe 
CHO 


(VIIL.) 
The constitution of 3: 4-dimethoxy-2-8-methylaminoethylbenz- 
aldehyde is perfectly clear, since it behaves quite similarly to cotarnine 
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and hydrastinine ; it is a colourless, crystalline solid, forming primrose 
coloured salts of 6: 7-dimethoxy-2-methyl-3 : 4-dihydroisoquinolinium 
hydrowide (IX) by substitution; when boiled with aqueous sodium 
hydroxide, it undergoes Cannizzaro’s reaction, yielding the anhydrides 
of the corresponding acid and alcohol, 1-keto-6 : 7-dimethoxy-2-methy/- 
tetrahydroisoquinoline (X) and 6: 7-dimethoxy-2-methyltetrahydroiso- 
quinoline a respectively. 
CH, 
aaron, Meo’ \/ Nou, wes 


MeO. XMe Me AN Me 
CO CH, 
(X.) (XI.) 

Aqueous solutions of its salts yield with aqueous potassium cyanide 
a colourless, crystalline compound, 1-cyano-6 : 7-dimethoxy-2-methyl- 
tetrahydroisoquinoline (XII), analogous to cyanocotarnine (Freund, Ber., 
1900, 33, 386). 

The base forms a condensation product with acetone,* bis(4 : 5-di- 
methoxy-2-B-methylaminoethylbenzylidene)-acetone (XIII), which differs 
from the condensation products of cotarnine and hydrastinine with 
acetone (Liebermann and Kropf, Ber., 1904, 3'7, 211) in that two 
molecules cf the base take part in it. 

CH, 
Meo)’ Nou, 


MeO. A /NMe 
CH(CN) 
(XII) 

Me0/ \- CH,-CH,;-NHMe NI HMe: CH,°CH, CO 
MeO. CH=CH CO CH=—cH-| / OMe 
(XIII.) 

Bis-(4 :5-dimethoxy-2-8-methylaminoethylbenzylidene)-acetone forms 
a neutral dihydrochloride, which is decomposed by boiling water with 
the formation of 6: 7-dimethoxy-2-methyl-3 : 4-dihydrotsoquinolinium 
chloride ; on examination, anhydrocotarnineacetone hydrochloride was 

found to undergo a similar decomposition. 
During the oxidation of laudanosine a considerable quantity of 


* It is equally possible that this condensation product has the constitution re- 
presented by the following formula (compare Liebermann and Kropf, loc. cit.) : 
CH, 
Meo’ \” \cu, 


| | 
N) 
CH——-CH,°CO’CH, 
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brown, granular matter separates from the solution, and there was 
obtained from this a small quantity of a saturated compound, 
C,,H,(OMe),. This substance is derived from a hydrocarbon, C,,Hj., 
and its formation may possibly be due to the decomposition of 
veratryl alcohol in a manner somewhat similar to the formation of a 
hydrocarbon, C,,H,., from benzyl alcohol (Cannizzaro, Annalen, 1854, 
92, 14) or benzyl ethyl ether (Schickler, J. pr. Chem., 1896, [iij, 53, 
369). 

The investigation of the products of the oxidation of laudanosine 
and other 1-benzy]-2-alkyltetrahydroisoquinolines is being continued. 


EXPERIMENTAL. 


Oxidation of Laudanosine. 


Eighty grams of laudanosine were dissolved in a mixture of 160 
grams of sulphuric acid and 1-2 litres of water, and mechanically 
stirred with 48 grams of pyrolusite containing 80 per cent. of 
manganese dioxide for three-quarters of an hour on a steam-bath. 
The solution gradually became brown and turbid, and eventually 
deposited a brown solid. After cooling, the solution was filtered from 
the solid matter (A) and extracted with benzene, which removed the 
soluble non-basic constituent (B). The solution was next rendered 
alkaline with sodium carbonate, filtered from the precipitated 
manganese carbonate, and extracted with benzene ; this removed about 
1 gram of yellow oil, which has not yet been fully investigated. The 
liquor was rendered strongly alkaline with sodium hydroxide, and 
again completely extracted with benzene. The latter was then filtered, 
and extracted with successive small quantities of dilute hydrochloric 
acid so long as the latter became neutralised ; these extracts were 
combined, rendered faintly acid by the addition of hydrochloric acid, 
and evaporated to a thick, brown syrup; on stirring this with dry 
acetone, 6 : 7-dimethoxy-2-methyl-3 : 4-dihydrozsoquinolinium chloride 
separated as a yellow, crystalline powder, which was collected and 
washed with acetone ; it amounted to 40 grams. ‘The acetone mother 
liquors gave a further quantity of 3 grams of the same compound. 
The total yield, 43 grams, represents 63 per cent. of the theoretical. 


Isolation of a Compound, C,,H,(OMe),,4H,0, from the Brown Solid “A.” 


The amount of air-dried, brown, granular solid was 28 grams. This 
was combined with the product from another similar experiment and 
worked up as follows : 

Forty-six grams were extracted with ether in a Soxhlet apparatus 
for five hours. The ether removed 7 grams of reddish-black, resinous 
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matter, and deposited also 0°95 gram of a mixture of crystals and 
tarry matter. The residue was then extracted with alcohol in a 
Soxhlet apparatus for six hours, and the residue concentrated to about 
100 c.c., when 2 grams of pale brown crystals were deposited. 
Further concentration of the alcohol yielded only brown, amorphous 
compounds, which were not further investigated. The crystals 
obtained from the alcohol were recrystallised from acetone, and formed 
large, oblong, rectangular, colourless plates, which melted at 231° 
(corr.). A further quantity of this substance was obtained from the 
solids deposited by the ethereal extract : 

0°2741, air-dried, lost 0:0085 at 100°. H,O=3'1. 

C,,H,(OMe),,$H,O requires H,O = 2°9 per cent. 
0°1344, dried at 100°, gave 0°3535 CO, and 0°0806 H,O. C=71°7; 
H=6°7. 

0°2520, dried at 100°, gave 0:'7901 AgIl. OMe=41°4. 

C,,H,(OMe), requires C=71'°9; H=6'7; OMe=41°3 per cent. 

The molecular weight of this compound was very kindly determined 
by Dr. Barger by his microscopic method (Trans., 1904, 85, 286). A 
solution containing 0:0682 gram of the compound, dried at 100°, in 
1:120 grams of chloroform was intermediate between 0°18 and 0:20 
mol. of azobenzene as standard, whence M.W. = 338—305, mean 321. 

C,,H,(OMe), requires M. W. = 300. 

The compound is easily soluble in acetone, chloroform, or pyridine, 
fairly readily so in alcohol, but very sparingly soluble in water or the 
other usual organic solvents. A chloroform solution of the compound 
did not decolorise bromine, nor did an acetone solution immediately 
decolorise aqueous permanganate. 


Identification of Veratraldehyde. 


The non-basic constituent (2) removed from the acid liquor by 
benzene was obtained after the removal of the solvent as a dark brown 
oil with an odour similar to that of vanillin. On fractionation under 
53 mm. pressure, the temperature rose quickly to 195°, and more than 
5 grams distilled at 198—201° (corr.). On refractionation under 
normal pressure, it distilled at 278—282°, mainly, however, at 
281° (corr.). It solidified on cooling, and melted at 42—43° (corr.) : 

01587 gave 03796 CO, and 0:0864 H,O. C=65:2; H=6'l. 

C,H,,0, requires C=65°0; H=6'l per cent. 

This substance is therefore veratraldehyde. 


4 :5-Dimethoxy-2-B-methylaminoethylbenzaldehyde (VIII, p. 1267). 


This base is obtained as an oil, which gradually becomes crystalline, 
on the addition of 50 per cent. aqueous sodium hydroxide to the con- 
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centrated aqueous solution of its hydrochloride. It crystallises from 
acetone in prismatic needles, which melt at 123—124° (corr.), and is 
sparingly soluble in water, giving a solution which is strongly alkaline 
to litmus. The base is precipitated from a concentrated aqueous solu- 
tion on the addition of concentrated aqueous sodium hydroxide ; it is 
easily soluble in alcohol or chloroform, but sparingly so in the other 
usual organic solvents. The base decomposes when heated for an hour 
at 100°, giving an odour similar to that of methylamine : 

0°1530, air-dried, gave 0°3620 CO, and 0°1038 H,O. C=64:5; H=7°6. 

0°1608 - » &8ec. N, at 17° and 734mm. N=6'l. 

C,,H,,0,N requires C=64'5; H=7'7 ; N=6°3 per cent. 

4 : 5-Dimethoxy-2-8-methylaminoethylbenzaldehyde combines with 
acids, forming salts by substitution of the isomeric 6 : 7-dimethoxy- 
2-methyl-3 : 4-dihydroisoquinolinium hydroxide (IX, p. 1268). 

The chloride crystallises from aqueous solution in a mass of primrose 
needles, which contain three and a-half molecular proportions of water 
of crystallisation, and melt at 61—62° (corr.) to an opaque liquid, 
When dried at 100°, this salt melts and decomposes at 186° (corr.). 
It is very easily soluble in water or alcohol, giving yellow solutions, 
which are neutral to litmus, and show a blue fluorescence when diluted 5 
it is sparingly soluble in chloroform, and very sparingly so in the other 
usual organic solvents : 

0°1510, air-dried, gave 0°2629 CO, and 0°1034 H,O. C=47'5; H=7°7. 

0°3139 ‘a » 04710 Agl OMe=19°8. 

0°1116 9 lost 0°0232 at 100°. H,O=20°8. 
C,»H,)(OMe),NCI1,34H,O requires C=47°3; H=76; OMe=20-4; 

H,O = 20°7 per cent. 
0-1429, dried at 100°, gave 0°3115 CO, and 0:0849 H,O. C=59°5; 


H=6-7. 
0:1398, dried at 100°, gave 6°8 c.c. N, at 15° and 748 mm. N=5°6. 
0-2141 a » 01260 AgCl. Cl=146 


C,,H,,0,NCl requires C=59°6; H=6'7; N=5°8; Cl=14°7 per cent. 

The bromide crystallises from moist acetone in primrose needles, 
which contain two molecules of water of crystallisation, and sinter with- 
out entirely melting at 87—90° (corr.). On drying, the salt becomes 
lemon-yellow in colour, and melts at 195° (corr.). The properties of 
this salt are similar to those of the chloride : 

0:2996, air-dried salt, lost 0°0328 at 110°. H,O=10°9. 

C,.H,,0,N Br,2H,O requires H,O = 11:2 per cent. 
0°1603, dried at 110°, gave 0°1067 AgBr. Br=28°3. 
C,,H,,0,NBr requires Br = 27-9 per cent. 

The aurichloride crystallises from alcohol in chestnut-brown, serrated 

needles, which melt at 169° (corr.). It is anhydrous, and is almost 
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insoluble in water or cold alcohol, but fairly easily soluble in hot 
alcohol : 
0°1946 gave 00700 Au. Au=36-0. 
C,,H,,0,NCl,Au requires Au = 36:2 per cent. 
The picrate crystallises from alcohol in long, yellow, glistening 
needles, which melt at 169—170° (corr.). 


1-Cyano-6 : 7-dimethoxy-2-methyltetrahydroisoquinoline (XII, p. 1268). 


Ten grams of 6 : 7-dimethoxy-2-methyl-3 : 4-dihydroisoquinolinium 
chloride were dissolved in 50 c.c. of water, and mixed with a solution 
of 3 grams of potassium cyanide in 10 c.c. of water. <A sticky, 
amorphous mass separated, which soon became hard and crystalline. 
The yield was 7:2 grams of nearly pure product, that is, 94 per cent. of 
the theoretical. 

1-Cyano-6 : 7 -dimethoxy-2-methyltetrahydroisoquinoline crystallises 
from moist ether in clusters of colourless, prismatic, glistening rods, 
which melt at 127—128° (corr.). It is insoluble in water, moderately 
easily so in absolute alcohol, but sparingly so in ether : 

0°1522 gave 0°3750 CO, and 0°0964 H,O. C=67:'2; H=7'1. 

C,,;H,,O,N, requires C=67'2 ; H=7:0 per cent. 


Action of Hot Aqueous Sodium Hydroxide on 4:5-Dimethoxy- 
2-B-methylaminoethylbenzaldehyde. formation of 1-Keto-6 : 7- 
dimethoxy-2-methyltetrahydroisoquinoline and 6 : T-Dimethoay-2- 
methyltetrahydroisoguinoline. 


Eighteen grams of 4 : 5-dimethoxy-2-8-methylaminoethylbenz- 
aldehyde were mixed with 600 c.c. of 5 per cent. aqueous sodium 
hydroxide, and boiled for six hours under a reflux condenser. The 
liquid was cooled, exactly neutralised with hydrochloric acid, 
evaporated to low bulk, and completely extracted with ether, which 
gave on distillation 7°5 grams of crude 1-keto-6 : 7-dimethoxy-2- 
methyltetrahydroisoquinoline, melting at 110—113°; the liquor was 
rendered alkaline with sodium carbonate, and again extracted with 
ether, which gave on distillation 8°0 grams of crude 6 : 7-dimethoxy- 
2-methyltetrahydroisoquinoline, melting at 60—80°; on then adding 
sodium hydroxide to the liquor and again completely extracting with 
ether, only a trace of dark resin was obtained. 


1-Keto-6 : 7-dimethoxy-2-methyltetrrahydroisoquinoline (X, p. 1268). 


The crude product may be readily purified by recrystallisation from 
ether, from which it separates in hard, clear, well defined monoclinic 
prisms, which melt at 126°(corr.). It is easily soluble in water, giving 
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a solution only faintly alkaline to litmus, sparingly soluble in cold 
ether or xylene, insoluble in light petroleum, and very readily soluble 
in the other usual organic solvents. It has very weak basic properties, 
and can be extracted from a solution in a large volume of benzene by 
means of concentrated hydrochloric acid, but not by dilute acids : 
01696 gave 0 4052 CO, and 0:1027 H,O. C=65:1; H=6'8. 
071486 ,, 87ec. N, at 19° and 736mm. N=6'5. 
02105 ,, 04408 Agl. OMe= 27-7. 
O,,H,,0,N requires C=65'1; H=6:9; N=6°3; OMe=28°l per cent. 


6 : 7-Dimethoxy-2-methyltetrahydroisoquinoline (XI, p. 1268). 


The crude base is purified by crystallisation of the hydrochloride, 
regeneration from the pure salt, and crystallisation from light 
petroleum. It separates from this solvent in clusters of white needles, 
which contain one-half a molecular proportion of water of crystallisa- 
tion and melt at 83—84° (corr.). This base is somewhat sparingly 
soluble in cold water, and very sparingly so in hot water, so that 
it separates as an oil on warming a cold saturated aqueous solution ; 
it is moderately easily soluble in light petroleum, and very easily so in 
the other usual organic solvents : 

0°1826, air-dried, lost 0:0071 in a vacuum over H,SO,. H,O=3°9. 

C,,H,,0,N,4H,O requires H,O = 4:2 per cent. 
0°1582, dried in a vacuum, gave 0°4031 CO, and 0°1175 H,O. 
C=695; H=8°3. 
0°1251, dried in a vacuum, gave 7'1 ¢.c. N, at 18° and 756 mm, N= 6°7. 
C,,.H,,O,N requires C=69'5 ; H=8:3; N=68 per cent. 

The hydrochloride crystallises from moist ethyl acetate in clusters of 
white, feathery needles, which melt at 216—217°(corr.)and contain nearly 
one and a-half molecular proportions of water of crystallisation. When 
this salt is moistened with water, it assumes a pale yellow colour, and 
crystallises from moist acetone in pale yellow needles, which melt at 
59—60° (corr.) and contain three molecules of water of crystallisation ; 
after drying, first in a vacuum desiccator over sulphuric acid and then 
at 100°, this salt becomes colourless, and melts at 216—217° (corr.). 
It is easily soluble in water or alcohol, moderately easily so in 
chloroform, sparingly so in acetone or hot ethyl acetate, and insoluble 
in ether, benzene, or light petroleum : 

0°2109, air-dried salt (from moist ethyl acetate), lost 0:0186 at 100° 

H,O =8'8. 
0°2681, air-dried salt (from moist acetone), lost 0°0483 at 100°. 
H,O= 18:0. 
C,,.H,,0,.N,HC1,14H,O requires H,O= 9°9 per cent. 
C,,H,,0O,N,HC1,3H,O “ H,O=182 _,, 
VOL. XCV. 40 
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0°1521, dried at 100°, gave 0°3275 CO, and 0:1007 H,O. C=58:7; 
H=74. 
0°1619, dried at 100°, gave 0:0946 AgCl. Cl=14°'5. 
C,,H,,0O,N,HCl requires C=59°'1 ; H=7'5 ; Cl=14°6 per cent. 

The aurichloride crystallises from absolute alcohol in deep orange, 
diamond-shaped plates, many of which have the obtuse angles rounded 
off, and melts at 147° (corr.). It is anhydrous, and is sparingly 
soluble in water and alcohol : 


0°1627 gave 0°0585 Au. Au=36°0. 
C,,H,,0O,NCl,Au requires Au= 360 per cent. 
The picrate crystallises from absolute alcohol in broad, yellow 
needles, which melt at 159—160° (corr.). 


Bis(4 : 5-Dimethoaxy-2-B-methylaminoethylbenzylidene)-acetone 
(XIII, p. 1268). 


Two grams of 6: 7-dimethoxy-2-methyl-3 : 4-dihydrozsoquinolinium 
chloride were dissolved in 20 c.c. of water, and 20 c.c. of 10 per cent. 
aqueous sodium hydroxide were added. To the clear solution 1 c.c. of 
acetone was added. ‘The solution remained bright for about a minute, 
and then suddenly began to deposit oil. After several hours, the 
deposit, which had become crystalline, was collected, washed with 
cold water, and dried. The yield amounted to 0°65 gram, that is, 
37 per cent. of the theoretical. 

Bis(4 : 5-Dimethoxy-2-B-methylaminoethylbenzylidene)-acetone crystal- 
lises from moist ether in long, white, glistening needles, which contain 
four molecules of water of crystallisation, and melt at 77° (corr.) after 
softening at 75°; after dehydration in a vacuum desiccator over 
sulphuric acid, it loses water and becomes amorphous, and on then 
adding to it absolute ether, the base momentarily dissolves, and 
immediately separates again in colourless, prismatic needles, which are 
anhydrous and melt at 107—108° (corr.). 

Both the hydrated and anhydrous varieties are stable in moist air. 
The base is very sparingly soluble in water or light petroleum, 
and sparingly so in ether, but easily soluble in the other usual 
organic solvents. It decomposes on prolonged heating at 100°: 

0°1535 hydrated base gave 0°3392 CO, and 01119 H,O. C=60°3; 

H=8:2, 
0°1609 hydrated base gave 7:1 c.c. N, at 16° and 762mm. N=5:2. 
02650 ~ » lost 0°0356 in a vacuum over H,SQ,. 
H,0 = 13°4. 
C,,H,,0;N,,4H,O requires C=60°0; H=82; N=5:2; H,O=13°3 
per cent. 
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0°1593 anhydrous base gave 0°4043 CO, and 0:1093 H,O. C=69°2; 
H=7°7. 
0:1524 anhydrous base gave 7°6 c.c. N, at 15°and 768mm. N=5°9. 
C,,H,,0;N, requires C=69'2; H=7:8; N=6-0 per cent. | 
Molecular-weight determination by the cryoscopic method : 
0°1225 in 18°81 benzene gave At-0°072. M.W.=443. 
02822 ,, 18°81 _,, » At-0171. M.W.=430. i 
C,,H,,0,N, requires M.W. = 468. | 
The dihydrochloride crystallises from water in colourless prisms, | 
which contain three molecules of‘water of crystallisation, and decompose 
at about 188° (corr.). It is sparingly soluble in cold water, giving a 
neutral solution, and very sparingly so in alcohol : | 
0°1712, air-dried, gave 0°3419 CO, and 0°1139 H,O. C=54:5; H=7°'5. 
0°1143 “ » 43 cc. N, at 16° and 767 mm. N=4-4, ft 
05626 ,, lost 00497 at 100°. H,O=8°8. 
C,,H,,0;N,,2HC],3H,O requires C=544; H=75; N=47; 
H,O = 9:1 per cent. 
0:1509, dried at 100°, gave 0°3315 CO, and 0°0941 H,O. C=59°9; | { 
H=7°0. 
0°1361, dried at 100°, gave 0°0725 AgCl. Cl=13-2. 
C,,H,,0;N,,2HCl requires C=59°9; H=7'1 ; Cl=13°1 per cent. 
This salt dissolves in cold water, giving a colourless solution, which 
becomes turbid on the addition of aqueous sodium carbonate, owing to 
the separation of the corresponding base. If, however, the aqueous | 
solution of the hydrochloride is warmed, it quickly becomes yellow, 
and, after heating for some time, the addition of aqueous sodium 
carbonate no longer causes turbidity; on then evaporating the 
solution, the residue is found to be pure 6 : 7-dimethoxy-2-methyl-3 : 4- 
dihydrotsoquinolinium chloride. 


WELLCOME CHEMICAL WoRKS, 
DARTFORD, KENT. 


CXLII.—The Morphotropic Relationships between the 
Derwatives of Picric Acid. 


By GeorGE JERUSALEM. 


Tue work done during recent years by Barlow and Pope (Trans., 1906, 
89, 1675 ; 1907, 91, 1150; 1908, 93, 1528) furnishes a method for 
investigating crystal structure which has led to the solution, in general 
402 
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terms, of the problem involved in the relation between crystalline 
form and chemical composition and constitution, and to its practically 
complete solution in a large number of specific cases. The application 
of the new method of treatment leads to the conclusion that, in any 
particular crystalline substance, each atom appropriates to its own 
occupation an amount of space approximately proportional to the 
lowest or fundamental valency of the element concerned. The clue 
thus provided to the volume signification of valency led Le Bas (Trans, 
1907, 91, 112; Phil. Mag., 1907, [vi], 14, 324; 1908, [vi], 16, 60) 
to a rigid proof that in liquid organic substances the same relation 
holds between atomic volume and valency. 

Le Bas showed that the atomic volumes of carbon and hydrogen are in 
the ratio of four to one in the higher normal paraffins, and that on com- 
paring a number of members of the series under corresponding tempera- 
ture conditions, the atomic volume of either element remains constant 
throughout the series. No method has been yet devised for directly 
determining what are corresponding temperatures for a series of solid 
crystalline substances, but Barlow and Pope’s results indicate that 
such temperatures would be those at which the molecular volumes, J, 
are directly proportional to the sum of the valencies of the atoms 
composing the molecule, the so-called valency volume, W. 

In their comparison of the crystalline forms of related substances, 
these authors therefore calculated the so-called equivalence parameters, 
x:y:2, as the dimensions of a parallelepipedon having the volume, VW, 
and the relative lengths of sides given by the crystallographic axial 
ratios. A series of sets of equivalence parameters may thus be 
calculated for a series of related substances which indicates, under 
corresponding conditions, the morphotropic effect of the chemical 
substitutions which convert the various substances one into the other. 

The melting points—which are approximately corresponding tem- 
peratures—of the normal paraffins containing from 11 to 35 atoms of 
carbon in the molecule only change progressively from —26°5° to 
+74'7° ; there appears hence but little reason to anticipate that, in a 
series of very closely related substances containing the same elements 
in not widely differing proportions, corresponding temperatures would 
differ very greatly. 

If the Barlow-Pope conclusion concerning the relation between 
valency and volume be correct, it would thus be expected that an 
approximate proportionality would exist between the molecular 
volumes, determined at the same temperature, and the valency 
volumes of a series of such closely related compounds as the picrates 
and styphnates of organic bases. A new and independent method of 
testing the accuracy of the conclusion as to the proportionality of 
valency and volume is thus rendered available, and is applied in the 
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present paper. The molecular volumes of a number of picrates and 
styphnates of organic bases have been determined, and it is shown 
that the ratio, V/V=R, of the molecular and the valency volumes 
does not vary by more than + or — 4 per cent. A confirmation is 
thus provided of the law of valency volumes. 

From a study of the crystalline forms exhibited by aromatic 
substances, Barlow and Pope derived a very important conclusion 
concerning the disposition of the component atoms in the crystal 
structures assumed by benzene and large numbers of its derivatives ; 
this conclusion is to the effect that in the crystal structures of benzene 
and many of its derivatives the carbon atoms are arranged in columns 
throughout the crystalline material. The spheres of influence, within 
which are situated the carbon atoms, are arranged in sets of three in 
triangular contact, and such sets of three are packed one upon the 
other so as to form the continuous columns described (Trans., 1906, 
89, 1693). In crystalline benzene these columns of carbon spheres 
are packed together in such a manner that just sufficient space is left 
for the accommodation of the requisite proportion of hydrogen spheres 
of atomic influence to make up the molecular composition of benzene ; 
in the crystalline derivatives of benzene the columns of carbon spheres 
are pushed apart to an extent sufficient to allow of the introduction of 
the substituting groups, but the continuity of the carbon columns is 
not broken. 

As previously indicated (Proc. Roy. Soc., 1908, 80, A, 557), a direct 
method can be devised of testing the validity of the conclusions as to 
the existence of these columns of carbon spheres. That equivalence 
parameter which measures the height of two links or layers in the 
carbon column measures the height of the benzene molecule on a scale 
obtained by taking the volume of a univalent sphere of atomic 
influence as unity ; if the carbon columns remain unbroken in the 
derivatives of benzene, the particular equivalence parameter referred 
to must recur amongst the equivalence parameters of all such 
derivatives. Of the equivalence parameters of benzene, w: y:z= 
3101 : 3°480 : 2°780, the third, z = 2°780, represents the lengths of two 
links in the carbon column. It has been already shown that a value 
approximating closely to this occurs among the equivalence parameters 
of a number of derivatives of picric acid, and since these substances 
lend themselves readily to crystallographic measurement, I have 
prepared and measured a large number of them, the results being 
recorded in the present paper. 

The close-packed assemblage representing benzene itself, to which 
reference has just been made, is termed the hexagonal benzene 
assemblage (/) in allusion to its mode of derivation. Another, which 
Barlow and Pope traced amongst certain benzene derivatives, is termed, 
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for similar reasons, the rhombohedral benzene assemblage (2) ; it differs 
dimensionally from the hexagonal one in that its z value is rather 
smaller than that of the latter, and also because in certain cases it 
may lead to pseudo-cubic crystal structures (C) in which the identity 
of the z value becomes lost. It will be shown that all the aromatic 
substances dealt with in the present paper possess equivalence para- 
meters identifying them with one or other of these three types 

In the following descriptions the crystalline system and axial ratios 
are stated, together with the valency volume, W, and the equivalence 
parameters and molecular distance ratios, y:~:. The latter values 
are calculated from the densities, d, determined on the crystalline 
materials. For the purpose of demonstrating the fact that the mole- 
cular volumes, V, are nearly proportional to the valency volume, W, 
the quantity, R= V/W, which should be constant if the proportionality 
were exact, is also stated. The densities were determined by measur- 
ing the density of mixtures of a light and a heavy liquid of the same 
density as the crystals immersed in them ; as for the present purpose 
it is only necessary to determine the densities with an accuracy of 
about one part in a thousand, it is superfluous to state the details of 
the determination in each case. 


Ammonium Picrate. 


Crystal system : Orthorhombic (Proc. Roy. Soc., 1908, 80, A, 557): 


a:b:e 8914 : : 1'3871. 
wsy: > §°251 :2°776:3°582. W=56. R=2°557. 
X:Wi@ = 7174 :38°794:5°262. d=1°719. V=148°2. 
The substance is of the hexagonal type (//), and its y value 
approximates to the value, z= 2-780, of benzene. 


Picrie Acid. 


Crystal system: Orthorhombic (Brugnatelli, Zeitsch. Kryst. Min., 
1905, 40, 360): 
1°0305 : 1 :1°0484. W=50. R=2°594. 
3°706 : 3°596 : 3°752. 
5°094 :4°941:5°153. d=1°767. V=129°7. 


Styphnic Acid (Proc. Roy. Soc., 1908, 80, A, 562). 


Crystal system: Hexagonal; a:c=1 : 1°3890. 
On referring this axial ratio to orthorhombic axes, the following 
values result : 
: 1°3890. 
:2°786 : 3869. W=52. R=2°577. 
:3°819 :5°305. d=1°829. V=134'1. 
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The substance is of the hexagonal type (//), and its y value 
approximates to the value, 2 = 2°780, of benzene. 


Monomethylamine Picrate. 


This salt was prepared by Delépine (Ann. Chim. Phys., 1896, [vii], 
8, 461) and Ristenpart (Ber., 1896, 29, 2530). It erystallises from 
ethyl acetate in large, straw-yellow crystals melting at 215°. 

Crystal system : Orthorhombic ; @:b: ¢=2°3361:1:1°1529. 

Forms observed : a{100}, c{001}, r{101}, o{111}. 

The following angular measurements were obtained : 

Number of 
Angle. observations. Limits. Mean. Calculated. 
100 : 101 26 63°34’/— 64° 9’ 63°44’ 0” a 
100 : 111 24 71 53 — 7217 72 450 — 
101 : 111 20 45 44— 46 19 45 56 40 45°57'10" 
001 : 111 20 5115 — 51 37 51 26 30 51 25 50 


101 : 001 14 25 41 — 26 37 26 18 40 2616 0 
Lit s 322 9 35 45 — 35 54 35 50 0 39 50 20 


Before calculating the following values, the axial dimension a was 
divided by two: 


4186 : 3°584:4°132. W=62. R=2°488. 
5°672 : 4°857 :5°599. d=1°687. V=154°2. 


Sets = 
X:Pie= 

The close approximation of the y value for monomethylamine 
picrate to that of picric acid indicates that this substance is of the 
pseudo-cubic type (C); its equivalence parameters and molecular 
distance ratios are very closely related to those of picric acid. The 
form a{100} is much the largest, and the other forms are well 
developed. 

Dimethylamine Picrate. 


This substance was also prepared by Delépine (loc. cit., 459), and 
separates from alcohol or dilute acetone in straw-yellow crystals 
melting at 158—159°. 

Crystal system : Orthorhombic ; a: 6 :¢ = 1°9222: 1: 0°90049. 


Forms: a{100}, r{101}, of111}, w{211}, 5{010}. 
The following measurements were obtained : 


Number of 

Angle. observations. Limits. Mean. Calculated. 
100 : 111 32 70°36’ — 70°57’ 70°48'20” — 
010 : 111 20 50 38 — 50 53 50 48 20 _ 
100 : 101 15 64 48 — 64 56 64 53 10 64°53'50" 
100 : 211 11 55 2— 5518 55 930 55 910 
010 : 211 12 56 27 — 56 56 56 41 40 56 41 20 
111 :111 10 38 19 — 38 29 38 21 20 38 23 20 
111 : 101 12 39 7 — 3916 39 11 40 39 11 40 


The form a{100} is always dominant ; w{211} is very rarely seen on 
crystals from alcohol, but is always present on those from dilute 
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acetone, No distinct cleavage is observed. After multiplying the 
unit length along the axis ¢ by two, the following values of equivalence 
parameters and molecular distance ratios are obtained : 


W=68. 
V=178'4. 


The substance therefore belongs to the hexagonal type of marshal- 
ling (7), and both sets of parameters approximate very closely to the 
corresponding values quoted for ammonium picrate. The y values 
of the dimethylamine and the ammonium and potassium salts are 
almost identical, namely : 

Potassium Salt :—ax:y:2=5°082 : 2°698:3°647 (Proc. Roy. Soc., 
1908, 80, A, 560). 

A distinct morphotropic relationship is apparent between mono- and 
di-methylamine picrate ; this is expressed in the following statement 


of fundamental angles : 
Monomethyl- Dimethyl- 
Angle. ainine picrate. amine picrate. 
100 : 101 63°44’ 0” 64°53'50" 
100 : 111 72 450 70 48 20 
101: 111 45 5710 49 11 40 


Ethylamine Picrate. 


This salt was prepared by Smolka (MJonatsh., 1885, 6, 917) and 
melts at 170°. Large, straw-yellow crystals are deposited from 
ethyl acetate solutions. 

Crystal system: Monosymmetric; @a:6:c=2°2768:1:1:5350; 
B=92°27'20". 

Forms: a{100}, c{001}, of 111}, r{101}, {101}, w{111}, {210}. 

The following angular measurements were obtained : 


Number of 

Angle. observations. Limits. Mean. Calculated. 
100 : 001 16 87°10’— 87°46’ 87°32'40" _ 
001 : 101 18 34 26 — 34 53 — 
101 : 111 17 52 7— 52 36 — 
001 : 111 19 59 41 — 6017 59 55 § 59°53’50" 
101 : 111 9 51 12 — 51 26 § 8 51 16 30 
100 : 111 13 70 40 — 71 16 70 6810 
001 : 101 82 57 — 3317 : 33 12 40 
100 : 101 6419 — 54 21 54 20 0 
001: 111 58 18 — 58 34 58 25 20 58 26 20 
100 : 001 92 12 — 92 43 92 26 50 92 27 20 
101 : 100 5727— 5756 57 4020 57 40 40 
EAE s iT 40 14 — 40 30 40 23 50 40 25 20 
100 : 210 48 7 — 48 20 48 16 48 40 40 


No distinct cleavage plane is observed, and p{210} is rare and 
always very small. The following values were obtained : 

2:y32 = 6°126 : 2°691 : 4°130. 

X:¥: w= 8°324 : 3°656 : 5°611. 

W=68 . V=170°6. d=1'608. R=2°509. 


B=92°27'20". 
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The y value is practically identical with that of the isomeric 

dimethylamine picrate, for which 

x :y:2 = 5°186 : 2°698 : 4°859, 
and in the passage from ammonium picrate, with 

x:y3:2 = 5°251 : 2°776 : 3°852, 
to dimethylamine picrate the main increase falls upon the parameter 
a; in passing to ethylamine picrate, the « parameter of the 
ammonium salt suffers the largest increasc. 

As the factor Ris nearly constant throughout the series of salts 
now considered, the same relationships are exhibited in this and in 
the following cases by the molecular distance ratios as by the 
equivalence parameters. 


Triethylamine Picrate, Et,N,C,;H,(NO,),*OH. 

This salt has not been previously described, and was prepared by 
mixing hot aqueous solutions of triethylamine hydrochloride and 
calcium picrate and allowing to cool. TZriethylamine picrate, being 
sparingly soluble in cold water, separates, and is purified by erystal- 
lisation from hot alcohol; it melts at 173°, and is very soluble 
in ethyl acetate or acetone, giving solutions from which bright straw- 
yellow crystals are deposited : 


0°1355 gave 20°2 c.c. N, (moist) at 17° and 764 mm, N=17°31. 
C,,H,,0,N, requires N=17:00 per cent. 
Crystal system : Orthorhombic; a: 6: ¢=2°9752:1:1°5751. 
Forms observed: a{100}, v{101}, c{O01}, p{210}, g{011}, g’{021}, 
b{010}. 
The following angular measurements were obtained : 


Number of 
Angle. observations. Limits. Mean. Calculated. 


100 : 101 24 61°574’— 62°20’ 62° 610” — 
001 : 011 25 57 25 57 42 57 35 20 _ 
210 : 100 17 55 55 56 19 56 450 56° 5/20” 
021 : 001 7 7214 72 35 72 27 20 72 23 20 
011: 101 8 61 38 61 45 61 42 30 61 43 30 
011 : 210 11 45 27 45 34 45 30 50 45 3110 
101 : 001 14 27 29 28 2 27 51 40 27 53 50 
The form a{100} is dominant, g’{021} is very small, and 0{010} was 
only observed in one instance ; there is a poor cleavage on c{001}: 
x2 :y:2 = 8026 : 2°698 : 4°249. 
X:W:@ =11°030 : 3°708 : 5°840. 
W=92. V=288'8. d=1°383. R=2°596. 
The introduction of a second and third ethyl group into mono- 
ethylamine picrate has thus been accompanied by a large increase in 
the parameter x, that of y has remained practically unchanged, and 


that of z has increased very slightly. 
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Tetraethylammonium Picrate, C,H,(NO,),*ON Et,. 


This salt was first prepared by Lossen (Annalen, 1876, 181, 375), 
who gives the melting point as 249—251°; the material now examined 
melted at 254°. Very good, although small, orange-coloured crystals 
are obtained from ethyl acetate solutions. 

Crystal system: Monosymmetric; a:b:¢=2°9909:1:1°6075; 
B= 92°55'20". 

Forms observed : a{100}, r{101}, {101}, m{210}, of 111}, w{11T}. 

The following angular measurements were obtained : 


Number of 
Angle. observations, Limits. Mean. Calculated. 
100 : 101 ’ — 59°37’ 59°29'40” —_ 
100 : 101 64 140 —_ 
210 : 100 56 11 40 — 
111 : 101 54 930 54°10'10” 
Tit : 101 55 11 40 55 1910 
101 :111 71 340 71 820 
101 : 210 75 53 0 75 53 40 
101 : 210 73 32 50 73 35 40 
101: 11] 71 4150 71 4110 
111 : 210 34 45 50 34 4310 
101 : 101 56 28 10 56 28 40 
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The form c{001} is dominant, whilst o{f111} and w{111} are, in 


general, small. It is noteworthy that, with the exception of the 
pinacoid c{001}, the same forms are observed as on monoethylamine 
picrate : 


The parameter y is slightly larger than in the case of mono- and 
tri-ethylamine picrates, but the main increase in the valency volume 
is still borne by the parameter x ; the morphotropic relationship thus 
involved is shown in the close similarity of the observed angles in the 
zones [010] and [001] on the two substances : 

Triethyl- Tetraethyl- 
Angle. amine salt. ammonium salt. 
100 : 101 62° 6’10” 59°29'40” 
101 : 101 55 47 40 56 28 40 
100 : 210 56 520 56 11 40 


Aniline Picrate. 

Large measurable crystals of this substance are obtained from 
alcohol; they are of a dark green colour, and give measurements 
identical with those made on red crystals which are deposited from 
aqueous solutions. 

Crystal system: Monosymmetric; a@:6:¢=3°7120:1 : 2°1048; 
B =92°47'50". 
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Forms observed : a{100}, c{001}, {011}, r{101}, {101}, p{201}. 
The following angular measurements were obtained : 


Number of 
Angle. observations. Limits. Mean. Calculated. 
100 : 001 86°50’ — 87°36’ 87°12’10" -— 
001 : 101 29 58 — 30 23 30 1310 _ 
001 : 011 64 6 — 64 53 64 33 40 — 
001 : 101 28 434 — 29 19 28 54 0 28°51'30" 
100 : 101 * 5756 — 58 33 5819 0 58 20 30 
101 : 011 68 1 — 68 28 68 1110 68 12 40 
100 : 011 8830 —89 0 884410 88 47 55 
101 : 201 1916 — 19 34 19 24 0 19 57 10 
100 : 001 92 224 — 92 57 9247 0 92 47 50 
011: 011 7 5040 — 51 20 50 52 50 50 52 40 


The forms a{100}, c{001}, n{011} are equally well developed ; p{201} 
is only present on the red crystals from water. There is a perfect 
cleavage parallel to a{100}. After dividing unit length along the 
axis ¢ by two, the following values are obtained : 

a:y:2 = 5°163 : 2°,82 : 5855. 
X:v: w= 6:973 : 3°757 : 7909. 
W=84, V=207°0. d=1°'558. R=2°464. 


B=92°47'50". 


On comparing the equivalence parameters first stated with the 

values for ammonium picrate, 

w3sy32 = 6°251 : 2°776 : 3°852, 
it is seen that the value z is only slightly different, and that the value 
y has remained the same within the errors of measuremeat, and is the 
same as the z value for the hexagonal benzene assemblage (7). ‘The 
result of the introduction of a phenyl group into ammonium picrate is 
therefore morphotropically very simple. 

Besides the above-quoted picrates, a large number of others were 
crystallised from different solvents, but could not be obtained in 
measurable crystals, or were anorthic and thus of no immediate value 
for our present purpose. When it was possible to obtain large 
crystals, the densities were determined in order to test the constancy 
of the quantity 2. The following salts were thus examined. 


Benzylamine Picrate, CH,Ph*NH,,C;H.(NO,),°OH, 


has been described by Moureu and Lazennec (Compt. rend., 1906, 143, 
553). It was prepared by adding benzylamine to a solution of an 
equivalent amount of picric acid in boiling water. After crystallisa- 
tion from hot alcohol, it melts at 195—199°: 
0:1740 gave 24:9 cc. N, (moist) at 16°5° and 766 mm. N=16°69. 
C,,H,,0,N, requires N = 16°66 per cent. 
Anorthic crystals are deposited from ethyl acetate solutions. 


W=90. V=218'9. d=1°536. R=2°433. 
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o-Touluidine Picrate, C,H,Me*NH,,C,H,(NO,),°OH, 


was described by Carrasco and Padoa (Aiti 2. Accad. Lincei, 1906, 
[v], 15, i, 699). It was prepared in a similar way to the foregoing 
compound, and is also nearly insoluble in water. After crystallisation 
from alcohol, it melts and decomposes at 212—215°: 
0:2481 gave 36:1 c.c. N, (moist) at 18° and 762 mm. N=16°85. 
C,,;H,.0,N, requires N = 16°66 per cent. 
Badly developed, monoclinic crystals are deposited from alcoholic 


solutions : 
W=90. V=218'5. d=1'5389. R=2°428. 


m-ZVoluidine Picrate. 


This salt was prepared and purified in a similar way to the above 
mentioned. It decomposed when heated above 180° : 

01400 gave 20°1 c.c. N, (moist) at 17° and 764mm. N=16°75., 

C,,H,,0,N, requires N = 16°66 per cent. 

Striated, monoclinic crystals are obtained by crystallisation from 
cold alcohol : 

W=90. V=225°6. d=1°491. R=2°506. 

For the sake of comparison, the equivalence parameter of naphtha- 
lene picrate (Atti Soc. Jtal. sci. nat., 1902, 41, 15) and of the additive 
compound of naphthalene and trinitrobenzene (2. Accad. sci. 
Bologna, Sessione del 10 Novembre 1907), both of which were 
measured by Boéris, may be stated here. The axial ratios of these 
substances are: 

CoH, CgH.(NO,),°OH. CipHs, CoH g(NO.)5e 
a@:b:c¢ = 2°3582:1: 4°1846. @:6b:¢ = 2°3170:1: 4°0961. 
B=83°12’. B=83°24'. 

After dividing unit length along the axis c by two, the following 

equivalence parameters are obtained : 
CyoHs,CgH.(NO,),"OH. CoH, gH (NO.)5. 
W=98. W=9%6. 
6°401 : 2°715 : 5°680. %:Yy:% = 6°327 : 2°731 : 5°593. 
B=96°48’, B=96°36' 

The following values for naphthalene picrate were found by 
determining its density : 

V=233'5. d=1°530, 
X:U:@ = 8°549 : 3°625: 
B=96°48’. 

The value y is again very near the z value for the hexagonal benzene 
assemblage (H), and both x and z have increased considerably in 
comparison with the corresponding dimensions for ammonium picrate. 
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Monomethylamine Styphnate, NH,Me,C,H(OH),(NO,).. 


This salt is obtained by mixing equivalent amounts of monocalcium 
styphnate and methylamine hydrochloride in hot aqueous solution and 
evaporating ; it separates as a bright yellow, crystalline powder, and is 
purified by crystallisation from alcohol. The salt melts at 191°, is 
very soluble in acetone, and moderately so in water or alcohol ; good 
crystals for goniometric measurements are obtained with difficulty, 
but fairly satisfactory ones were deposited from solutions in ethyl 
acetate, the salt being rather less soluble in this than in the other 
solvents mentioned. 

The base distilled from 0°3100 gram, after addition of lime and 
water, neutralised 11°45 c.c. of sulphuric acid containing 0°04907 gram 
per ¢.c. : 

MeNH, = 11°49. 

C,H,O,N, requires MeN H, = 11°26 per cent. 

Crystal system: Monosymmetric; «@:b:c=0°5232:1:0°3716 ; 
B=103°4'10". 

Forms observed : 6{010}, c{001}, p{110}, g{011}. 

The following angular measurements were obtained : 

Number of 
Angle. ~ observations. Limits. Mean. Calculated. 
010: 011 13 69°50’— 70°21’ 70° 6’ 0” — 
010: 110 14 62 36 — 63 26 62 59 40 _- 
001 : 110 16 78 5— 78 43 78 22 40 a 
001 : 011 9 19 41 — 20 8 19 56 30 19°54’ 0” 
110 : 110 14 101 17 —101 55 101 33 40 101 37 20 


The form g{011} was but rarely observed, and was always very 
small; there is a perfect cleavage parallel to p{110}, and the faces of 
all the forms give multiple reflections on the goniometer. After 
dividing unit length along the axis b by four, the following values 
are obtained : 

ms + ae ae ° D774 2 A100 
Xigiw = 790428777 15614, P=108%'I0" 
W=64. V=163'2. d=1'692. R=2°551. 


The equivalence parameter y has nearly the same value as in the 
case of ammonium picrate, namely, 2°776; close correspondence 
between the molecular distance parameters, yf, is also to be noted, the 
values being respectively 3°777 and 3°794. 


Dimethylamine Styphnate, NHMe,,C,H(OH),(NO,),. 


The preparation of this salt is similar to that of the previous one, 
and yields a bright yellow, crystalline substance, which melts at 208° 
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after crystallisation from alcohol. The salt is sparingly soluble in 
water, dissolves more readily in alcohol, and still more easily in 
acetone and ethyl acetate : 

0°2072 gave 34:3 c.c. N, (moist) at 16° and 770 mm. N=19°57, 

C,H,,0O,N, requires N = 19°31 per cent. 

Measurable crystals were obtained from acetone solutions. 

Crystal system: Monosymmetric; a:6:c=1°5897:1: 1:2606 ; 
B =68°5'10", 

Forms observed: a{100}, m{110}, g{011}, c{001}. 

The following angular measurements were obtained : 


Number ot 
Angle. observations. Limits. Mean. Calculated. 
110 : 100 27 5°% 56° 7’ 55°51’40" — 
100 : 011 19 5 4: 76 19 75 57 50 — 
011 : O11 15 8 99 14 98 55 50 _— 
100 : 001 2 38 16 68 23 6819 0 68° 5/10” 
110: 011 13 3f — 4010 39 53 30 40 5 0 
110 : 011 9 50 5 60 37 60 30 0 60 28 10 
011 : 001 8 { 4G 44 49 30 40 49 28 0 
110: 110 13 68 39 68 1410 68 16 40 


The axial ratios of this salt show clearly that this is pseudo- 
hexagonal, and it is therefore convenient to change the indices 
of the forms present so that the axial directions become pseudo- 


rectangular. This may be done by changing the indices 100, 001, 
110, 011 respectively to 100, 101, 210, O11. The axial ratios then 


become 


@:b:c¢ = 2°9503: 1: 1°2606. 
B=91°26'20". 
Whence the foliowing values are calculated : 
2 = 7°849 : 2°660 : 3°354. _91°9R/90" 
Sy: @ =10°836 : 3673 : 4-632, S=91 2620". 
’=70. V=184°3. d=1°575. K=2°633. 


Trimethylamine Styphnate, NMe,,C,H(OH),(NO,),. 

This salt was obtained in the same way as the preceding one, and is 
sparingly soluble in alcohol, more so in acetone, and almost insoluble in 
ethyl acetate. After purification by crystallisation from acetone solu- 
tion, it forms a bright yellow, crystalline powder, which decomposes 
gradually on heating to above 200°: 

0°1492 gave 23°9 c.c, N, (moist) at 14° and 752 mm. N=18°72. 

C,H,,0,N, requires N = 18-42 per cent. 

Small but, in some zones, very brilliant crystals are obtained from 
acetone solution. 

Crystal system : Orthorhombic ; a:6:¢=2°9160:1:1°3494. 

Forms observed : a{100}, r{101}, {210}, g{011}. 


BETWEEN THE DERIVATIVES OF PICRIC ACID. 1287 


The following angular measurements were obtained : 


Number of 
Angle. observations. Limits. Mean. Calculated. 


210 : 210 16 68°46’ — 69° 0’ 68°53'30” — 
210 : 011 18 48 21 — 48 40 48 30 20 — 
011: 011 8 73 4—73 22 73 920 73° 5’ 0” 
101 : 100 5 65 1—65 8 65 420 6510 0 
101 : 210 16 76 0 — 76 20 76 10 20 76 15 30 
100 : 210 12 55 20 — 55 39 55 31 20 55 33 20 
The forms lying in the zone [010] are the largest, but do not give 
good reflections on the goniometer. Thereis a good cleavage parallel 
to 6{010}. The following values were obtained : 
xsy:2 = 7°824 : 2°683 : 3°621. 
x:v:w =10°840 : 8°717 : 5°015. 
W=76. V=202'1. d=1°506. R=2°659. 
It will be seen that both the equivalence parameters and the 
molecular distance ratios correspond closely with those of dimethy]l- 
amine styphnate. 


Monoethylamine Styphnate, NH,Et,C,H(OH),(NO,).. 


This salt was prepared in the same way as the preceding substances, 
and, after crystallisation from hot alcohol, forms a yellow powder 


melting at 138°: 
0°1890 gave 30°6 c.c. N, (moist) at 16° and 773 mm. N=19'17. 
C,H,,O,N, requires N=19°31 per cent. 
Poorly-developed, anorthic crystals are deposited from solutions in 
water and alcohol. The density of the substance was determined 
and the following values found : 


W=70. V=180°0. d=1°612, R=2°573. 


Triethylamine Styphnate, N Et,,C,H(OH),(NO,).. 


This salt was prepared and purified in a similar manner to the 
preceding ones, and was found to melt at 170°: 
0°1782 gave 26°0 cc. N, (moist) at 18° and 748 mm. N=16°58. 
C,,H,,O,N, requires N = 16°18 per cent. 
Large, but not measurable, crystals are obtained from acetone 


solutions : 
W=94. V=2388°3. d=1°452. R=2°535. 


Tetraethylammonium Styphnate, C,H(OH)(NO,),0O°N Et,. 


This substance was recrystallised from acetone, and explodes on 
heating at about 210°. It was obtained only in the form of yellow 
needles, and therefore no density determination was made: 
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0°1823 gave 23°0 c.c. N, (moist) at 13° and 776 mm. N=15-21. 
0,,H.,,0,N, requires N= 15-00 per cent. 


It is convenient to summarise the results of the measurements 
given in the present paper in the following tables; the numerical 
data relating to the axial ratios, molecular distance ratios, equi- 
valence parameters, molecular volumes, etc., are thus stated. 


Table of Axial Ratios and Equivalence Parameters. 
q 


Multiples 
Substance. a@ 3:b: eo. selected. Wi aw : y 


Substances with Hexagonal Marshalling (H). 

Ammonium 

picrate 8914 : 1: 1°3871 — 56 52k 
Dimethylamine 

picrate 1°9222 : 1 : 0°90049 2c 68 5°186 : 2° = 90 
Monoethylamine 

picrate 2°2768 : 1 : 1°535 6°126 : 2° >= 92 27/20" 
Triethylamine 

picrate 2°9752 : 1: 1°57 2 8°026 : 2°698 : 4° 90 
Tetraethyl- 

ammonium 

picrate 2°9909 : 1 : 1°6075 4 8°337 : 2°788 : 4°4 92 55 20 
Aniline picrate 3°7120: 1 : 2°1048 al’ 4 5163 : 2°782:5°855 92 47 50 
Naphthalene 

picrate : 1: 4°1846 ¢/' 8 6° “He :5°679 96 48 
CgH.(NO4)s, 

rs Hg, 2°317 0 : : “OS ) | a : } 6° y za ay : "HVE 96 36 

Styphnic acid 1°7321 : 1 : 1°389 5% "825 : 2°786 : 3° Hexagonal 
Monomethylamine 

styphnate.. 0°5232:1 : 0°37 64 5°785 : 2°764 : 4° 76 55 50 
Dimethylamine 

styphnate.. 2°9503 : 1 : 1°2606 7°849 : 2°660 : 3°354 91 26 20 
Trimethylamine 

styphnate.. 2°9160 : 1 : 1°3494 76 «47°824 : 2°683 : 3°621 90 


Substances with Pseudo-cuhice Structur 


Picric acid ... 1°0805 :1: 1°0434 — 50 3°'706:3°596 :3°752 90° 
Monomethylamine 
picrate 2°3361 : 1 : 1°1529 a/2 62 4°186 : 3°584:4°1382 90 


Table of Densities, Topical Parameters, and Quantities R. 
Substance. x:+@ee:e d. fi fk. Crystal system. 
Substances with Hexagonal Marshalling (H). 


Ammonium picrate... 7°174 : 3°794 :5°262 1°719 143°2 2°557 Orthorhombic 
Dimethylamiue 

picrate "152 : 3°721 : 6°705 "ba 84 2°622 * 
Monoethylamine 

picrate ....... : 
Triethylamine picrate 11030 : : 
Tetraethylammonium 

picrate 
Aniline picrate 
Naphthalene picrate. 


9 Monosymmetric 


5 
*596 Orthorhombic 


Or 


dS bo dO 
word 

© <a <7 
NS ood 
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Table of Densities, Topical Parameters, and Quantities R (continued). 
Substance. a_i ae d. V. R. Crystal system, 
Substances with Hexagonal Marshalling (H). 


Styphnic acid 615 : 3°819 : 5°305 1°829 134°1 2°577 Hexagonal 
Monomethylamine 

stvphnate 904 :3°777 : 5°614 1°692 163°2 2°551 Monosymmetric 
))imethylamine 

styphnate ............ 10°836 : 3°673 :4°632 1°575 184°3 2°633 99 
Trimethylamine 

sty phnate 10°840 : 3°717 : 5°015 1°506 202°1 2°659 Orthorhombic 


Substances with Pseudo-cubic Structures (C). 


Picric acid 5°094 : 4°941 :5°153 1°767 129°7 2°594 Orthorhombic 
Monomethylamine 
picrate 5°672 : 4°857 :5°599 1°687 154°2 2°488 


d. V. W. 
Monoethylamine am. 1°612 180°0 70 
Triethylamine wees 1°452 238°3 94 
Piperidine picrate * 1°538 204°3 84 
Benzylamine picrate 1°536 218°9 90 
m-Toluidine 1°491 225°6 90 


o-Toluidine _,, 1539 218°5 90 
Pyridine + 1°537 200°5 78 
* Rosenheim and Schidrowitz (Trans., 1898, 73, 143). 
+ Crystals from ethyl acetate washed with alcohol (Ladenburg, Annalen, 1888, 
247, 5). 


Two remarkable relationships are immediately obvious from an 
inspection of these tables. The first is that, as already remarked, the 

value for the benzene assemblage of hexagonal derivation, namely, 

= 2°780, recurs with very close numerical approximation in the 
y value of each picric and styphnic acid derivative the crystalline form 
of which indicates a similar hexagonal derivation of the crystalline 
structure. The second is, that this approximately constant y value in 
each case occurs in a direction perpendicular to a plane of symmetry 
of the crystalline structure. 

In addition to these two striking regularities in which the equiva- 
lence parameter y is concerned, it is also to be remarked that the other 
equivalence parameters, « and z, in most cases change in a regular 
manner during any given substitution of one group or radicle by 
another ; it is frequently observable that such a substitution brings 
about an alteration in dimension of only one of these two parameters, 
«and z, whilst leaving the other almost unchanged. The investigation 
of these changes in # and z would thus be expected to lead to the 
discovery of further regularities and to the detection of the laws 
governing their alterations ; for the present, however, it is convenient 

VOL. XCV. 4 P 


1290 JERUSALEM : THE MORPHOTROPIC RELATIONSHIPS 


to consider only the dimension, y, to which such a definite physical 
meaning has been attached. 

The fact that the examination of so large a number of benzene deriva- 
tives as are crystallographically described above indicates that their 
crystal structures can be regarded as of hexagonal derivation, and that 
their y values approximate so closely to the z value for benzene itself, 
constitutes very strong confirmatory evidence in favour of the con- 
clusions previously drawn by Barlow and Pope as to the existence of the 
continuous columns of carbon spheres, referred to in the early part. of 
this paper, as components of the crystal structures of the benzene 
derivatives. 

The anticipation that, in accordance with the Barlow-Pope interpre- 
tation of valency as a volume property, the sums of the valencies 
should be roughly proportional to the molecular volumes in the case 
of a series of related crystalline substances, is abundantly fulfilled in 
the approximate constancy of the ratio, V/W = R, for the whole of the 
members of the series now discussed. The values of the ratio R for 
these substances are stated in the various tables given above; the 
mean value of # is 2°560, and the individual values of the ratio are 
distributed about the mean within the limits expressed by 


R = 2560 + 4 per cent. 


It thus becomes possible to calculate the molecular volume, JV, of a 
member of the present series within about 4 per cent. as 


V = 2560 W. 


Similarly, the density, d, of a member of the series can be calculated 
within the same limits of accuracy as 


d = M/2:560 W, 


M being the molecular weight of the substance. 

As qualitative results from the arguments and conclusions just put 
forward, it follows: 

(1) That the density of a member of the series must diminish as 
the number of alkyl groups contained in the molecule increases. 

This is true throughout the series with the single exception of 
tetraethylammonium picrate, which has a higher density than triethyl- 
amine picrate. It would be supposed, and this is in accordance with 
the conclusions of Le Bas concerning the molecular volumes of liquid 
substances under equally reduced conditions, that this apparent 
exception is connected with the extraordinarily high melting point, 
254°, of tetraethylammonium picrate. 

(2) The density of a styphnic acid derivative should in each case be 
greater than that of the corresponding picric acid compound. This is 
true in all the cases now examined. 
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From the observation that the ratio 2 = V/W is so approximately 
constant throughout the series of picric and styphnic acid derivatives, 
it is evident that the study of the equivalence parameters and of the 
molecular distance ratios leads, in the present case, to the same con- 
clusions. Itis therefore unnecessary to discuss further the relation- 
ships between the molecular distance ratios of the substances now 
described. 

In most cases the equivalence parameters are calculated directly 
from the axial ratios, using the latter in the form in which they were 
experimentally determined ; in some few instances, as indicated in the 
text and in the table on p. 1228, one of the axial dimensions has been 
multiplied or divided by two before proceeding to the calculation of 
the equivalence parameters or the molecular distance ratios. 

As this process of multiplication or division introduces an arbitrary 
element into the subsequent calculation, it might conceivably be 
argued that the necessity for this process weakens the conclusions as 
to the constancy of the equivalence parameter y, etc. Although the 
infrequency with which the necessity for the multiplication or division 
arises, the simplicity of the factors used, and the close agreements of 
the results obtained, show that such an argument is fallacious, a 
method was nevertheless devised to show mathematically that the 
approximate constancy of the parameter y constitutes a law of nature 
as opposed to the view that this constancy is devoid of physical 
meaning, and results merely from the arbitrary multiplication and 
division of the axial ratios. By taking into account all the different 
ways by which a value near y might be found by the alteration of the 
axial ratios used in the foregoing pages, that is, by a multiplication 
by 2 or 4 of only one of the unit values in the axial directions, it is 
possible to state the mean difference of all the values thus found, and 
to compare this mean difference with the actually observed differences 
between the y values in the table of equivalence parameters on p. 1228. 
In this way it is possible, for example, to calculate the probability that 
a table of axial ratios, chosen at mere random, will show y values 
agreeing with one another within the same limits as the y values of 
the table. This probability is found to be much smaller than a 
magnitude of the order 1/4!*. Details of this method will be published 


elsewhere. 
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CXLIV.—The Colour and Constitution of 
Azo-compounds. Part III. 


By Joun Tueopore Hewitt and Witi1am Tuomas. 


RatHER more than a year ago one of the authors of the present 
communication, jointly with J. J. Fox, published an account of some 
mixed single azo-compounds, the benzene nucleus on the one side of 
the azo-group being substituted in the para-position by a dimethyl- 
amino- or trimethylammonium group, whilst the other nucleus, in this 
case naphthalene, contained hydroxy] in the a-position, the azo-group 
having entered the naphthalene in position 4 (Trans., 1908, 93, 333). 
The results showed that if to substances of this type dilute acid be 
added, salt formation for which the dimethylamino-group is responsible 
(see formula I) takes place, with addition of one molecule of acid: 
I. (CH,),N°C,H,°N-N°C,,H,°OH. 
II. HCl(CH,),.N°C,H,-N:N-C,,H,°OH. 
III. Cl(CH,),N:C,H,:N-NH°C,,H,-OH. 


IV. CIH(CH,),N-O,H,-NH-N:C,,H,:0< i. 


but whether the resulting salt is non-quinonoid (II) or quinonoid 
(III) was not investigated at the time. An excess of a strong acid 
involved the formation of a di-acid salt, and the explanation of this 
fact, as well as the great deepening in colour, was referred to oxonium 
salt formation (see formula IV above and table p. 338, loc. cit.), 
several di-acid salts being isolated and analysed. 

Shortly after the publication of this work, it struck one of the 
authors as a virtual certainty that if the relationship of benzeneazo- 
phenol to its hydrochloride was to be represented by the formule 

C,H, "N:N-C,H,-OH and O,H,-NH-N:C,H,:0<G, 

then, similarly, aminoazobenzene and its hydrochloride would possess 
the corresponding constitutions : 

C,H,°N:N-C,H,°NH, and C,H,-NH:N:C,H,:NH,HCI, 
so giving a reasonable explanation for the marked colour change 
produced on the conversion of the base into a salt. The application 
of this view to the case of the indicator methyl-orange (Hewitt; 
Analyst, 1908, 33, 85) leads one to the result that the sodium salt 
and the “free acid” or internal salt have the constitutions, 
NaSO,°C,H,°N:-N:C,H,°N(CH,), and S0,"C,H,NH-N:C,H,:N(OH3), 

O 
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respectively ; the same formule were published shortly afterwards by 
Hantzsch and Hilscher (Ber., 1908, 41, 1171). Insome discussion as to 
priority which followed (Hewitt, Ber., 1908, 41, 1986 ; Hantzsch, ibid., 
2435), Fox published the interesting experimental fact that methyl- 
orange is readily decomposed by warm dilute nitric acid with produc- 
tion of diazobenzenesulphonic acid and 2 : 4-dinitromonomethylaniline, 
one of the methyl groups being eliminated in the reaction (Ber., 
1908, 41,1989). This result is certainly in better agreement with a 
quinonoid structure for the “free acid” than a structure involving an 
unaltered azo-group. 

Whilst the work published last year will probably convince most 
persons intimately acquainted with azo-compounds of the quinonoid 
structure of the salts of the amino-derivatives, it appeared worth 
while to examine a case in which both aromatic nuclei were benzenoid, 
both on account of greater simplicity and to avoid the possible objec- 
tion that the simplest case had not been examined and might possibly 
give different results to those obtained with naphthalene derivatives. 

The expectation was that aminobenzeneazophenol, which has already 
been examined at some length by Meldola (Trans., 1885, 47, 659), 
whilst giving yellow solutions in neutral solvents, would furnish 
solutions similar to that of acidified methyl-orange in presence of a 
medium amount of mineral acid, but that in concentrated mineral 
acids the colour would be comparable with that given by benzeneazo- 
phenol, the structures of the substance and its mono- and di-acid 
salts being represented by the constitutions : 


NH,°C,H,'N:N:C,H,-OH yellow. 
CIN H,:C,H,:N*-NH°C,H,:OH crimson. 
CIHNH,'C,H,-NH°N:C,H,:O orange. 


This expectation was fully confirmed by experiment, and the 
probability of the constitutions assigned to the respective substances 
received ample verification by the examination of the alky] derivatives. 
The same colour changes were observed when the hydrogen atoms of 
the amino-group alone or of that and the hydroxyl group were replaced 
by methyl] ; obviously from the formule no radical difference is to be 
expected. But when hydroxy- or p-methoxy-benzeneazodimethylaniline 
was converted into a methiodide, whilst the colour of the salt in 
neutral solution was yellow, addition of hydrochloric acid produced no 
crimson shade, although if the acid were sufficiently concentrated the 
orange colour, associated in this case with oxonium salt formation, 
made itself manifest. A consideration of mono- and di-acid salts in 
this case shows the impossibility of the development of the quinonoid 
configuration with respect to that benzene nucleus to which the amino- 
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group is attached, whilst no inhibition of possible quinonoid structure 
has occurred with respect to the other nucleus : 


Cl(CH,),N-O,H,:N:N-O,H,-0-CH,. 
Cl(CH,),N-C,H,-NH-N:0,H,:0<COHs, 


Two points observed with regard to the photographs are well worth 
mention. The general type of quinonoid salt absorption is much the 
same whether the quinonoid grouping is of the type 


>0:C,H,:N: or >NH:0,H,:N’, 


but when the grouping is conditioned by double linking between 
carbon and nitrogen the oscillation frequency is less than when it is 
between carbon and oxygen. Ordinary chemical experience leads one 
to the conclusion that the linking CN is weaker than C:O, and this 
would necessarily condition a slower rate of vibration. 


p-Acetylaminobenzeneazophenol. 


In the preparation of p-aminobenzeneazophenol we decided to use 
p-aminoacetanilide as starting point. This was dissolved in a little 
more than two molecular proportions of dilute hydrochloric acid 
(2 vols. of fuming acid to 5 vols. of water), diazotised with the calcu- 
lated amount of sodium nitrite, and coupled with phenol in the 
presence of sodium carbonate. After acidification, collection, and 
crystallisation from dilute alcohol (equal volumes alcohol and water) 
the compound was obtained in beautiful reddish-brown plates melting 
at 198° (uncorr.) : 

0°2183 gave 05272 CO, and 0°1011 H,O. C=65:9; H=5:l. 
C,,H,,0,N, requires C= 65°9 ; H=5:l per cent. 


p-Aminobenzeneazophenol. 


The acetyl derivative was hydrolysed by boiling for two to three 
hours with 20 parts of 20 per cent. hydrochloric acid. The magenta- 
coloured solution on neutralisation with sodium carbonate gave a pre- 
cipitate of the amino-compound amounting to about 70 per cent. of the 
weight of the material taken. In the crude condition this melted at 
177° (uncorr.) ; after crystallisation melting points of about 185° were 
observed. Meldola (loc. cit.) gives 181°; no weight can be laid on a 
difference of a few degrees in these cases, as most of the substances 
examined decompose at the melting point, and the temperature 
observed necessarily depends on the rate of heating : 

0°1038 gave 17:2 c.c. N, at 18° and 772 mm. N=19°5. 

C,.H,,ON, ‘requires N = 19°7 per cent. 
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The substance gives yellow solutions in neutral solvents ; addition of 
dilute hydrochloric acid produces a magenta shade, but if concentrated 
hydrochloric acid be employed in excess, the solution becomes orange, 
owing to the production of di-acid salts. As Meldola has already 
isolated a platinichloride in which the azo-compound behaves as a 
mono-acid base, it was unnecessary for us to prepare any salts of this 
type, but on passing dry hydrogen chloride through a benzene solution 
of the base, a dark red precipitate was obtained, which was rapidly 
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Aminobenzeneazophenol, 


In alcohol. 
secre In dilute hydrochloric acid. ; 
In concentrated hydrochloric acid. 


collected, washed with benzene and light petroleum, and dried over 
sulphuric acid. This proved to be the di-acid salt : 
0:1651 gave 0°3047 CO, and 00732 H,O. C=50°3; H=4°9. 
01545 ,, 0°1501 AgCl. HCl=24°7. 
C,,H,,ON,,2HCl requires C=50°3 ; H=4°5; HCl=25°5 per cent. 
Fig. 1 gives the absorption spectra observed in the case of p-amino- 
benzeneazophenol without and with hydrochloric acid,* 


p-Dimethylaminobenzeneazophenol. 


The process adopted by Fox and Hewitt (Joc. cit.), which consisted 
in diazotising p-phenylenedimethyldiamine and coupling with alkaline 


* The curve for the dihydrochloride is not complete, as we suspected some hydro- 
lysis, even with a large excess of hydrochloric acid present. 
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a-naphthol, proved unsuitable in this case. The diazonium salt is 
extremely unstable, and phenol does not couple so rapidly as 
a-naphthol, so that very little except tarry decomposition products 
was obtained. 

5:45 Grams of p-aminophenol dissolved in 12 c.c. of concentrated 
hydrochloric acid and 25 c.c. of water were diazotised with 3°5 grams 
of sodium nitrite dissolved in 10 c.c. of water, and the solution added 
to 6:05 grams of dimethylaniline dissolved in 50 c.c. of glacial acetic 
acid mixed with ice and water in which sodium acetate had been 
dissolved in sufficient quantity. After keeping overnight, excess of 
water was added, and the precipitated azo-compound collected. 
The best yield obtained was 6°5 grams of crude product. On crystal- 
lisation from alcohol, bright red leaflets were obtained, melting and 
decomposing at 203—204° : 

0°1568 gave 0°3991 CO, and 0°0875 H,O. C=69:-4; H=6:2. 

01248 ,, 03189 CO, ,, 00714 H,0O. C=69'7; H=6-4. 

C,,H,,ON, requires C=69°7 ; H=6:2 per cent, 

The solution in dilute hydrochloric acid is magenta in colour, and 
yields a dark-coloured monohydrochloride on evaporation : 

0°1411 gave 0°0724 AgCl. HCl=13°3. 

C,,H,,ON,,HCl requires HCl = 13:2 per cent. 


p-Dimethylaminobenzeneazophenyl Acetate, 


Acetylation of the phenol was effected by three and a-half hours’ 
boiling with its own weight of fused sodium acetate and four times its 
weight of acetic anhydride. Excess of acetic anhydride was destroyed 
by pouring into alcohol, 2nd the substance was precipitated by the 
addition of water. When crystallised from alcohol, the substance 
was obtained in brown plates melting at 137° (uncorr.) : 

0°1376 gave 0°3402 CO, and 0:0747 H,O. C=67:-4; H=6°0. 

C,,H,,0,N, requires C= 67:8 ; H=6°0 per cent. 


p-Dimethylaminobenzeneazophenol Methiodide. 


The dimethylamino-compound was heated for four hours at 100° 
with its own weight of dimethyl sulphate. The product was dissolved 
in hot water, filtered, and treated with an excess of potassium iodide, 
the iodide of the base separating on cooling. This was collected and 
obtained in black scales by crystallisation from alcohol : 

0°1427 gave 13°5 c.c. N, at 19° and 769 mm. N=11°2. 

C,;H,,ON,I requires N=11:0 per cent. 

As previously mentioned, this salt dissolves in water with a yellow 
colour, strongly contrasting with the isomeric salt of p-methoxy- 
benzeneazodimethylaniline ; this yellow colour is not affected by 
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dilute acids, but gives place to an orange shade on formation of 
oxonium di-acid salts. 
The absorption spectra of dimethylaminobenzeneazophenol are given 
in Fig. 2. 
p-Methoxybenzeneazodimethylaniline. 


6°15 Grams of p-anisidine dissolved in 16 c.c. of concentrated hydro- 
chloric acid and 30 ¢c.c. of water were diazotised by the addition of a 
solution of 3°5 grams of sodium nitrite, ice being added to the solu- 
tion. The diazonium salt was then added to 6:05 grams of dimethyl- 
aniline emulsified with 30 c.c, of glacial acetic acid, 8 grams of 
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Dimethylaminobenzeneazophenol. N/10,000. 


—-——  Inalcohol. 
In dilute hydrochloric acid. 
In concentrated hydrochloric acid. 


crystallised sodium acetate, and much ice. After seventeen hours 
the product was collected, washed, and crystallised. Using pyridine 
as solvent, brilliant orange prisms melting at 161° (uncorr.) are 
obtained, but from alcohol brown (almost bronze-coloured) plates and 
needles are deposited. The appearance of the two preparations is 
quite distinct, but no claim is made for the existence of two 
modifications, as both specimens alone and mixed show the same 
melting point : 
0°1155 gave 16°1 cc. N, at 14° and 772 mm. N=166, 
C,,;H,,ON, requires N = 16°5 per cent. 
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The solutions in neutral solvents are yellow, in dilute acids magenta 
(almost violet), and orange in concentrated acids. 


p-Methoxybenzeneazodimethylaniline Methiodide. 


This was prepared in a similar manner to the corresponding phenolic 
derivative : 
0°1524 gave 13°8 c.c. N, at 25° and 770 mm. N=10°4. 
C,,H.JON,I requires N = 10°6 per cent. 
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p-Methoxybenzeneazodimethylaniline. N/10,000 


—_——_ In alcohol. 
In dilute hydrochloric acid. 
In concentrated hydrochloric acid. 


The aqueous solution is yellow, remains unaffected by dilute acids, 
but gives an orange shade with concentrated hydrochloric acid. 


In conclusion, we wish to tender our thanks to the Government 
Grant Committee of the Royal Society for a grant by which part of 
the expenses of this investigation have been defrayed, and to Miss 
CO. H. Watts for assistance with the photographic portion of the work. 
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WOLCOTT GIBBS MEMORIAL LECTURE. 


DELIVERED ON JUNE 3rD, 1909. 


By Frank WIGGLESWoRTH CLARKE. 


Ir is easy to write biography when one is satisfied with a mere 
chronicle of events. But to clothe the skeleton of fact with flesh 
and blood, so that the man shall, as it were, live again, is difficult, 
and yet, figuratively speaking, that seems to be the sort of task 
which you have set before me. What manner of man was Wolcott 
Gibbs? What influences helped to mould his character? What 
did he do, and under what conditions was his work accomplished ? 
These are the questions which I must try to answer. 

Oliver Wolcott Gibbs (he dropped the Oliver early in his career) 
was born in the city of New York, on February 21, 1822. His 
father, Colonel George Gibbs, was a man of some wealth, who 
owned a large country place at Sunswick, on Long Island, not 
far from the then small city. He was an enthusiastic mineralogist, 
and gathered a collection which, ultimately sold to Yale College, 
became the nucleus of the great cabinet since made famous by the 
labours of the two Danas, Brush, and Penfield. It was perhaps 
the control of the Gibbs collection which first led J. D. Dana to 
write his classical System of Mineralogy. Colonel Gibbs, after 
whom the mineral gibbsite was named, was himself the author of 
several memoirs upon mineralogical subjects, and his eldest son, 
also named George, achieved some reputation as a geologist and 
as a student of ethnology. Wolcott Gibbs was born into an 
atmosphere of scientific interests, and his early associations must 
have influenced his choice of a career. A taste for science ran 
in the family. 

Laura Gibbs, the mother of Wolcott, came of distinguished 
ancestry. Her father, Oliver Wolcott, rose through various 
positions to that of Secretary of the United States Treasury, a 
post which he held during the latter part of Washington’s 
administration and well into the administration following. He 
then became a Justice of the United States Circuit Court, and 
during the last ten years of his life he was Governor of the State 
of Connecticut. His father, another Oliver, was a magistrate, a 
major-general of militia, a member of Congress, and a signer of 
the American Declaration of Independence. He, too, was a 
Governor of Connecticut, and so also was his father, Roger 
Wolcott, the first noteworthy member of the line. In short, the 
ancestors of Wolcott Gibbs were people of far more than average 
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ability, who had the confidence and esteem of their fellow citizens, 
and were therefore entrusted with positions of high rank and 
responsibility. Even though there was no commanding genius 
among them, no man of world-wide fame, they at least left to their 
descendants a legacy of lofty examples, well worthy of emulation. 
We may differ in our opinions as to the significance of heredity ; 
but we can recognise the fact that Gibbs received from his forbears 
a sound mind in a sound body, together with traditions of well-doing 
that could not be disregarded. A good ancestry is a good beginning 
for any man. 

In his early environment Gibbs was also fortunate. Although 
he was only eleven years old when he lost his father, his mother 
survived for many years, and gave him the best of opportunities 
for healthy development. She was a woman of strong character 
and unusual ability, and her home became a centre in which the 
best intellectual society of New York was to be found. Her 
character, forceful, positive, patriotic, and public-spirited, was 
reflected in that of her son. 

The early childhood of Wolcott Gibbs was largely spent at his 
father’s estate of Sunswick, where, as he tells us in a brief auto- 
biographical note, “he was often occupied with making volcanoes 
with such materials as he could obtain, and in searching the stone 
walls . . . for minerals, and the gardens and fields for flowers.” 
At the age of seven he was sent to a private school in Boston, 
where he was under the care of a maiden aunt, whose sister had 
married the famous Unitarian divine, William Ellery Channing. 
The winters were passed in Boston, and the summers with the 
Channings at their country place near Newport, Rhode Island. 
Here again he was surrounded by choice influences, and saw many 
distinguished people. The reputation of Dr. Channing attracted 
many visitors, including more than a few from abroad, and the 
boy must have come to some extent in contact with them. Being 
but a child, he may not have understood or appreciated his 
opportunities, but his imagination could not have been entirely 
unaffected. His early associations foreshadowed his later career. 

When he was twelve years old, Gibbs returned to New York, 
and began his preparation for college. In 1837 he entered 
Columbia College as a freskman, and graduated in 1841. It was 
in his junior year that he published his first scientific paper, a 
description of a new form of galvanic battery, in which carbon 
was used, probably for the first time, as the inactive plate. This 
achievement, unimportant as it may seem now, was really remark- 
able in two ways; first, on account of the youth of the author, 
and, secondly, because of the conditions under which the work was 
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done. In those days the American colleges, like the public 
schools of England, were intensely classical in their aims, and 
science received the minimum of attention. Latin, Greek, and 
mathematics ruled the curriculum, with only a smattering of other 
subjects. Even in the classics literature was subordinate to 
grammar, and as for the modern languages they were almost, if 
not quite, ignored. What science was cultivated was taught by 
lectures and text-book recitations, for the era of laboratory instruc- 
tion had not begun. That a pupil of eighteen should make an 
original investigation under such conditions was surprising, but 
it showed the irresistible tendencies at work in his mind. The 
early impulses, received from his father, could not be overcome. 

After receiving his bachelor’s degree, young Gibbs went to 
Philadelphia, where he served as assistant in the laboratory of 
Robert Hare, the well-known inventor of the compound blow-pipe, 
who was then Professor of Chemistry in the Medical School of the 
University of Pennsylvania. Gibbs’s purpose was to fit himself 
for holding a similar professorship, and so, after several months 
of experience with Hare, he entered the College of Physicians and 
Surgeons in New York, and in 1845 became a full-fledged Doctor 
of Medicine. He never practised, and probably never intended 
to do so, for the study of chemistry was the main purpose of his 
life, and his medical studies were only a means to an end. 
Indeed, they stood him in good stead when, many years later, he 
undertook to study the physiological effects of isomeric organic 
substances on animals. 

Up to this point the training of the future chemist had been 
only preliminary, a laying of foundations, so to speak. In his 
time advanced scientific education was not easily obtained in 
America, and ambitious students who were able to do so sought 
their higher opportunities in Germany. Accordingly, Doctor 
Gibbs, as we must now call him, went abroad, and began by 
spending several months with Rammelsberg in Berlin. After this 
he studied for a year under Heinrich Rose, which was followed 
by a semester with Liebig at Giessen. He next went to Paris, 
where he attended lectures by Laurent, Dumas, and Regnault, 
and in 1848 he returned home, ready to begin the real labours of 
his life. Among his teachers the one who most impressed him 
was Rose, whom Gibbs greatly admired, and who doubtless gave 
his pupil his strong bias towards analytical and inorganic chemistry. 
From his other teachers, however, Gibbs acquired a breadth of 
view and an insight into different fields of research, which made 
him all the stronger as an investigator. He was a chemist in the 
largest sense of the term, and not a mere sub-specialist. 
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After returning to America, Gibbs first delivered a short course 
of lectures at a small college in Delaware. Then, in 1849, his 
native city claimed his services, and he was appointed professor 
of chemistry in the newly established Free Academy, now the 
College of the City of New York. He remained in this position 
for fourteen years, chiefly occupied in teaching elementary students, 
and at first doing, apparently, little else. He was not idle by 
any means, but he was finding himself, and his time was not 
wasted. In was in 1857 that his first really notable research was 
given to the world, namely, the joint memoir of Gibbs and Genth 
on the ammonio-cobalt bases. Of this I shall speak more at length 
later. In 1851 he became an associate editor of the American 
Journal of Science, and began the preparation of a series of 
abstracts which brought the results of foreign investigations to 
the attention of American readers. These abstracts amounted in 
all to about 500 pages, and, despite their brevity, were con- 
spicuously clear and comprehensive. In 1861 the first of his papers 
on the platinum metals appeared, and his reputation was at last 
firmly established. 

Notwithstanding his recognised ability, Dr. Gibbs, during this 
period, suffered one serious disappointment. The chair of 
chemistry in his alma mater, Columbia College, became vacant, 
and Gibbs, backed by the recommendations of nearly all the 
leading men of science in America, was a candidate for the position. 
He was, however, a Unitarian, and Columbia was then an institu- 
tion under sectarian control. Purely on religious grounds, his 
candidacy was rejected, and a man of far smaller attainments 
received the appointment. This was unfortunate for Columbia, 
but not altogether so for Gibbs. In 1863 he was called to a 
more desirable post, the Rumford Professorship in Harvard 
University. Nominally, this was a professorship of the ‘“ Applica- 
tion of Science to the Useful Arts,” but its incumbent, in addition 
to lecturing on heat and light, was expected to take charge of 
the chemical laboratory in the Lawrence Scientific School, and 
this gave Gibbs a great opportunity for usefulness. Furthermore, 
the position was a delightful one on its social side, and he was 
thrown into close association with many congenial spirits. There 
were Louis Agassiz the zoologist, Asa Gray the botanist, Jeffries 
Wyman in comparative anatomy, Benjamin Pierce in mathematics, 
and J. P. Cooke in chemistry. Literature was represented by 
Longfellow, Lowell, Holmes, and other less famous writers; 
altogether an aggregation of distinguished men which could not 
be matched elsewhere in America, or equalled at few places in the 
world. Gibbs was among his peers, and in a place where his worth 
could be fully appreciated. 
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Dr. Gibbs remained in charge of the Scientific School laboratory 
for eight years, and during that time his researches were, for the 
great part, although not exclusively, devoted to analytical methods. 
The school was technically a department of Harvard University, 
and yet its work was carried on quite independently. The students 
were usually men of definite purposes, who knew what they wanted 
and went where it could be best obtained. They went to Agassiz 
for zoology, to Gray for botany, and to Gibbs for chemistry, because 
those men were the leaders in their respective subjects, and they 
worked, not in classes, but as individuals. The students in chemistry 
had little or nothing to do with the students in other branches, 
for the school was distinctly professional in its aims. Teachers 
from other institutions, seeking to enlarge their knowledge, were 
often among them. Gibbs was now training men who intended 
to become chemists, and some among them were qualified to assist 
in his investigations. Moreover, he was not overloaded by numbers, 
for he rarely had more than twenty students in attendance at any 
one time. There was one assistant, to relieve him of routine work ; 
his lectures on light and heat cost him little effort, and he was 
therefore able to devote his energies to research more advantageously 
than ever before. 

It was my good fortune to have been a student under Gibbs 
during the greater part of four years, from 1865 until 1869. I may 
therefore be permitted to speak of his teaching from my own 
experience, believing that in such matters the personal note is not 
without value. There was nothing unusual about the course of 
‘instruction so far as ordinary details went, for that necessarily 
followed certain well-established lines. Most of the students had 
already gained some elementary knowledge of chemistry ; their work 
began with the usual practice in analytical methods and chemical 
manipulations, and as the men showed capacity they were admitted 
to the confidence of their master and aided him in his investiga- 
tions. This procedure may seem commonplace enough to-day, but 
in the years of which I speak it was new to American institutions, 
and was looked upon doubtfully by some of the old-fashioned 
pedagogues. The students who chose to do so attended the excellent 
chemical lectures of Cooke in Harvard College, but that work was 
wholly optional. The only formal examination was the final 
examination for the bachelor’s degree, and therefore there was no 
cramming for examinations. Gibbs apparently believed, although 
his belief was not stated in set terms, that a good teacher who 
kept in touch with his pupils should know perfectly well where 
they stood, and no examination could tell him anything more. 
In fact, examinations are often misleading, for the reason that 
even a fine scholar of nervous temperament may become confused 
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and helpless during the ordeal, and fail to answer the simplest 
questions. On the other hand, a poor student with a fair memory 
may cram for an examination, pass triumphantly, and amount to 
nothing afterwards. The real examinations under Gibbs were daily 
interviews, when he visited each student at his laboratory table 
and questioned him about his work. This, together with the 
reported analyses, gave the teacher a clear conception of the true 
standing of each man. The fewness of the pupils was a distinct 
advantage, for all worked together in one room, beginners and 
research students often side by side. The result was that they 
learned much from one another, and there were many discussions 
among them over the burning problems of the day. The men 
were taught to stand on their own feet, and to think for them- 
selves, laying thereby a foundation for professional success which 
was pretty substantial. The course of instruction had no definite 
term of years prescribed for it, and graduation came whenever the 
individual had done the required amount of work and submitted 
an acceptable original thesis. The final examination was usually 
oral, each man alone with his master, and was conducted in an 
easy conversational way which tended to establish the confidence 
of the candidate from the very beginning. In my own case I 
remember that the questions covered a fairly broad range of 
chemical topics, and at the end of it Dr. Gibbs drew me into a sort 
of discussion or argument with him over the then modern doctrine 
of valency. I now see that his purpose was not merely to ascertain 
what I had read on the subject, but what I really thought about 
it, if indeed I was entitled to think at all. Gibbs invariably 
treated his students, not as so many vessels into which knowledge 
was to be poured, but as reasonable beings, with definite purposes, 
to whom his help must be given. That help was never denied to 
any man who showed himself at all worthy of it. The research 
work in which the advanced students shared, and for which they 
received public credit, served to teach them that chemistry was 
a living and growing subject, and to train them in the art 
of solving unsolved problems. They were taught to do, and 
encouraged to think, and if, on going forth into the world, they 
sometimes felt themselves qualified to revolutionise all science, their 
vanity did no harm’and was soon remedied. An enlightened 
ignorance is only gained with advancing years, and the enthusiastic 
beginner cannot be expected to appreciate it. It is the last polish 
that the ripened scholar acquires. 

What now is the meaning of this long disquisition upon the 
methods of Gibbs’s laboratory? What was there at all unusual in 
his teaching? Nothing, perhaps, from a modern point of view, 
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but much that was new to America in the middle ’sixties. It was 
Gibbs’s peculiar merit that he, more than any other one man, 
introduced into the United States the German conception of 
research as a means of chemical instruction, a conception which 
is now taken as a matter of course without thought of its origin. 
Gibbs worked with small resources and no help from outside; he 
was a reformer who never preached reform; his students rarely 
suspected that they were doing anything out of the ordinary; but 
they had the utmost confidence in their master, and took it for 
granted that his methods were sound. There was nothing of the 
drill master about Gibbs, no trace of pedantry, no ostentation of 
profound learning; but the students never doubted his sincerity 
of purpose and interest in their work, nor questioned his ability 
as a teacher. As for Gibbs himself, it is doubtful whether he ever 
imagined that his teaching was at all remarkable. He did what 
was to him the natural and obvious thing to do, simply and without 
pretence, and the results justified his policy. The success of his 
students is perhaps the best monument to his memory. 

In 1871 the chemical instruction at Harvard University was 
reorganised, in spite of vigorous protests from Gibbs and many 
other leaders in science. The laboratory of the Scientific School 
was consolidated with that of the College, and Gibbs had no more 
students in chemistry. His work was limited to that of the 
Rumford professorship, a change which left him more time for 
personal research, but took from the students the inspiration of 
his teaching. The change may have been justifiable on grouads 
of economy, but it was otherwise a mistake, and it was so recognised 
among chemists generally. The economy was only financial; but 
an important asset of the University, the ability of a great teacher, 
was not turned to the best account. Fortunately for Gibbs, he 
had independent means, although he was not a rich man, and he 
was able to equip a small laboratory of his own and to employ a 
private assistant. In that laboratory he carried out those brilliant 
researches on the complex inorganic acids which marked the 
culmination of his career. The equipment was most modest, and 
in some respects it reminded one of the famous kitchen of Berzelius. 
Indeed, Gibbs’s favourite piece of apparatus was that homely 
utensil, a cast-iron cooking stove, which served for several useful 
purposes. Precipitates could be dried in the oven, crucibles were 
buried in the coals, water was kept hot on top of it. As an 
instrument of research it was neither elegant nor orthodox, but 
it did the work, and what more could be desired? Gibbs adapted 
himself to circumstances, and cared little for the instrumental 
refinements which so many chemists seem to regard as necessary. 
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The real essentials were provided ; mere conveniences, the luxuries 
of research, he could do without. 

For sixteen years after the closing of the Scientific School 
laboratory, Dr. Gibbs lectured to small classes of students on the 
spectroscope and on thermodynamics. In 1887 he retired, as 
Professor-Emeritus, and went to live in his house at Newport, 
where he had been accustomed to spend his summer vacations. 
His private laboratory was moved to Newport also, and there he 
continued his investigations until, enfeebled by old age, he was 
obliged to rest on his laurels. As a recreation, he cultivated a 
flower garden, and was proudest of his roses. In that way his 
love of the beautiful found its chief expression. On December 9, 
1908, he passed away, at the age of nearly eighty-seven. His wife, 
whose maiden name was Josephine Mauran, and whom he had 
married in 1853, died several years earlier, leaving no children. 

So much for biography. It now remains for us to consider the 
contributions of Gibbs to science, and to trace their relations, so 
far as may be practicable, to later work. An investigation never 
stands alone; each one touches other investigations at several 
points; and its worth may be greatest as the progenitor of later 
researches. The suggestiveness of a discovery, its influence in 
stimulating thought, is fully as important as its immediate outcome. 
It is a seed, whose value is finally determined by its fertility. 

Gibbs’s first paper, a “ Description of a New Form of Magneto- 
Electric Machine, and an Account of a Carbon Battery of Con- 
siderable Energy,” published when he was a junior student at 
Columbia, has already been mentioned. In 1844 he attempted to 
discuss the theory of compound salt radicles, and in 1847, while a 
student abroad, he published a number of mineral analyses. In 
1850, Gibbs pointed out the interesting fact that compounds which 
change colour when heated do so in the direction of the red end 
of the spectrum. In 1852 he published the first of his memoirs 
upon analytical methods, in which he proposed the separation of 
manganese from zinc by means of lead peroxide; and in 1853 he 
prepared, and partly described, an arsenical derivative of valeric 
acid. In all of this work there was nothing of great importance, 
but its varied character is suggestive. It represents the efforts of an 
active mind, feeling its way under unfavourable conditions, and 
not quite sure of its true capacities. Mineral chemistry, organic 
chemistry, analytical chemistry, chemical theory, and physics, in 
turn attracted his attention during this formative period of his 
career. It was in the great research on the ammonio-cobalt bases 
that Gibbs finally found himself, and forced the world to recognise 
his ability. His apprenticeship was ended, and his work as a 
master had begun. 
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The first of the ammonio-cobalt compounds, the oxalate of 
luteocobalt, was prepared by Gmelin in 1822, the very year in 
which Gibbs was born. It was supposed, however, to be a salt of 
cobaltic acid, and several other chemists, who studied it later, 
shared in the same misapprehension. In 1847, Genth, then at 
Marburg, discovered other salts of these bases, but it was not 
until 1851, after his emigration to America, that he published his 
description of them in a rather obscure journal. Genth was the 
first to recognise the true character of the new compounds, and 
he was followed by Claudet and Fremy, the three chemists working 
independently of one another and almost simultaneously. Up to 
this point Fremy’s work was the most exhaustive, but it left much 
to be desired. 

Genth had identified the two bases since known as luteocobalt 
and roseocobalt. In 1852 Gibbs discovered the salts of xantho- 
cobalt, which contained, in addition to the ammonia, a nitro-group. 
It was therefore quite natural that the two chemists should join 
forces, and in 1856 their celebrated memoir appeared. In this 
memoir thirty-five salts of the four bases roseocobalt, purpureo- 
cobalt, luteocobalt, and xanthocobalt were described, with adequate 
analyses, and, in eleven cases, crystallographic measurements by 
J.D. Dana. The roseo- and purpureo-compounds were for the first 
time clearly discriminated, although they were supposed to be 
isomeric, a misconception which could hardly have been avoided at 
that time. There was also an elaborate theoretical discussion on 
the constitution of the bases, but that also was premature. The 
fundamental theories of structure were yet to be developed. 
Blomstrand, Jorgensen, and Werner, in later years, utilised the data 
of Gibbs and Genth, and Werner especially made the ammonio- 
cobalt compounds the base of his famous theory of the constitution 
of the metal-amines. Gibbs and Genth laid the foundations, on 
which later investigators have built an imposing structure. 

Gibbs was an experimentalist rather than a theorist, and yet he 
neither underrated nor avoided theory. In 1867 he published a 
paper on atomicities, or valences as they are now called, in which 
he developed the idea, then vaguely held by others, of residual 
affinities. He argued in favour of the quadrivalency of oxygen, 
and showed that on that supposition a molecule of water must be 
bivalent, and any chain of water molecules would be bivalent also. 
He then considered ammonia in the same way, with the two bonds 
of quinquevalent nitrogen unsatisfied. Ammonia, therefore, was 
weakly bivalent, and so, too, would be a chain of ammonia molecules. 
This conception he applied to the interpretation of the ammonio- 
cobalt bases, and so, too, did Blomstrand two years later. If we 
consider theories of this kind, not as finalities, but as attempts . 
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to express known relations in symbolic forms, we must admit that 
Gibbs’s conception was useful, and served well for the time being. 
That it has given way to other views more in harmony with modern 
discoveries, is not at all to the discredit of its author. In the later 
papers by Gibbs, published in 1875 and 1876, he made good use 
of his hypotheses, and described many more ammonio-cobalt com- 
pounds. Among them were the salts of an entirely new base, 
croceocobalt, in which two nitro-groups were present. In all, five 
distinct series were studied, their chlorides being represented, in 
modern notation, by the subjoined formule: 


Luteocobalt chloride, Co(NH,3),Cls. 
Roseocobalt chloride, Co(NHs3);*H,O0°Cls. 
Purpureocobalt chloride, Co(NH3);°Cl-Cl,. 
Xanthocobalt chloride, Co(NH3;),;-NO,°Cl,. 
Croceocobalt chloride, Co(NH3;),(NO,).°Cl. 


6 


Gibbs’s formule were somewhat different from these, being 
doubled, and with the water of roseocobalt regarded not as con- 
stitutional, but as crystalline. The simpler, halved expressions were 
established by cryoscopic methods which did not exist when Gibbs 
conducted his investigations. 

The researches on the platinum metals, published by Gibbs in 
the years 1861 to 1864, relate mainly to analytical methods. 
Processes for the solution of iridosmine were carefully studied, and 
various new separations of the several metals from one another 
were devised. Incidentally, a number of new compounds were 
prepared, which, with a few exceptions, Gibbs never fully described. 
In 1871, however, he published a brief note on the remarkable 
complex nitrites formed by iridium, and in 1881 he described a 
new base, osmyl-ditetramine, OsO,,4NHz, together with several of 
its salts. These researches were never pushed very far, and were 
discontinued for lack of proper facilities. They were, nevertheless, 
distinct additions to our knowledge of the platinum group. 

I have already mentioned the work done by Gibbs and his 
students in the laboratory of the Lawrence Scientific School. This 
covered a wide range, partly in developing and perfecting old 
analytical methods, partly in devising new ones. There were 
improvements in gas analysis, especially in the determination of 
nitrogen, and a great variety of analytical separations. I will not 
attempt to give a catalogue of these investigations, but will limit 
myself to a few of the more noteworthy. A new volumetric method 
for analysing the salts of heavy metals was worked out, in which a 
metal such as copper or lead was precipitated as sulphide, the acid 
being afterwards determined by titration. The estimation of 
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manganese as pyrophosphate was another of these contributions 
to analysis. But the most important of all was the electrolytic 
determination of copper, now universally used, which was first 
published from Gibbs’s laboratory. It is true that a German 
chemist, Luckow, claimed to have used the method much earlier, 
but so far as I can discover he failed to publish it. Gibbs, there- 
fore, is entitled to full credit for a process which was the progenitor 
of many others. The entire field of electrochemical analysis was 
thrown open by him, and it has been most profitably cultivated. 
Gibbs also, during this period of his activity, invented several 
instrumental devices of great convenience. The ring burner, and 
the use of porous septa when precipitates are to be heated in gases, 
are due to him. Furthermore, in co-operation with E. R. Taylor, 
he devised a glass and sand filter which was the forerunner of 
the porous cones invented by Munroe when the latter was a student 
in Gibbs’s laboratory. That, in turn, preceded the well-known 
perforated crucibles of Gooch, who was one of Gibbs’s assistants. 
The genealogy of these inventions is perfectly clear. 

We come now to the remarkable series of researches on the 
complex inorganic acids, which Gibbs began to publish in 1877, 
and continued well into the ’nineties. The ground had already 
been broken by others;  silicotungstates, phosphotungstates, 
phosphomolybdates, etc., were fairly well known, but they were 
commonly regarded as exceptional compounds rather than as 
representatives of a very general class. In his first, preliminary, 
communication upon the subject, Gibbs indicated the vastness of the 
field to be explored, and showed that the formation of complex 
acids was characteristic of tungsten and molybdenum to an extra- 
ordinary degree. The phenomena were general, not special; and 
no limit could be assigned to the possible number of acids which 
these elements might form. 

In his systematic work, following his preliminary announcement, 
Gibbs first revised the sodium tungstates in order to determine 
their true composition. Then, after preparing a number of 
phosphotungstates and phosphomolybdates, he studied the corre- 
sponding compounds containing arsenic in place of phosphorus. 
He next obtained similar vanadium compounds, and also showed 
that the phosphoric oxide of the first known acids was replaceable 
by phosphorous and hypophosphorous groups. Later still, he 
replaced the normal phosphates by pyro- and meta-phosphates, and 
also prepared complex salts containing arsenious, antimonious, and 
antimonic radicles. Stanno-phosphotungstates and molybdates, 
platinotungstates, and complex acids containing mixed groups were 
discovered, together with analogous compounds of selenium, 


1310 CLARKE: WOLCOTT GIBBS MEMORIAL LECTURE. 


tellurium, cerium, and uranium. One salt described, a phospho- 
vanadio-vanadico-tungstate of barium, had the formula 


60WO,,3P,0,,V,0;,V0,,18Ba0,150H,0, 


with a molecular weight of 20066. Compared with this substance, 
the supposed complexity of most organic compounds becomes 
simplicity itself, and their interpretation seems relatively like child’s 
play. In all, Gibbs described complex salts belonging to more than 
fifty distinct series, and did his work in a small private laboratory 
with only a single assistant. With greater resources at his 
command, what might he not have accomplished ? 

In 1898, in his address as retiring president of the American 
Association for the Advancement of Science, Gibbs summed up 
his views as to the constitution of the complex acids. His pre- 
sentation of the subject, however, can hardly be regarded as final. 
The problems involved are too complicated to be easily solved, and 
much future investigation is needed in order to determine the true 
character of these extraordinary substances. Gibbs was a pioneer, 
breaking pathways into a tangled wilderness; but the ways are 
now open, and he who wills may follow. Possibly some of the 
compounds so far obtained were double salts; others may have 
been isomorphous mixtures; and in some instances phenomena of 
solid solution perhaps obscured the truth. By physical methods, 
cryoscopic or ebullioscopic, the molecular weights of the salts must 
be determined; their ionisation needs to be studied, and in such 
ways their true nature can be ascertained. These methods of 
research have been mainly developed since the work of Gibbs was 
done; he, therefore, cannot be criticised for not employing them. 
Since his time chemists have come to recognise many compounds 
as salts containing complex ions, such as, for example, the oxalates, 
tartrates, etc., of iron, aluminium, chromium, and antimony with 
other bases of lower valency. Even many of the silicates are 
easiest to interpret as salts of alumino-silicic acids, although the 
physical proof of their nature is difficult to obtain. The con- 
stitution of the complex acids is one of the great outstanding 
problems of inorganic chemistry. 

Aithough he was distinctively an inorganic chemist, Gibbs did 
not entirely neglect organic chemistry. In 1868 he discussed the 
constitution of uric acid and its derivatives, and in 1869 he 
described some products formed by the action of alkali nitrites 
on them. He also produced several memoirs on optical subjects, 
such as one on a normal map of the solar spectrum, and another 
on the wave-lengths of the elementary spectral lines. Again, he 
devoted some time to the study of interference phenomena, and 
discovered a constant, which he called the interferential constant, 
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that was independent of temperature. One of Gibbs’s latest papers, 
published when he was seventy-one years old, related to that 
extremely difficult subject, the separation of the rare earths, a 
subject in which he had always taken a deep interest. In this 
paper he developed a new method for determining the atomic 
weights of the rare-earth metals, which was based upon analyses of 
their oxalates. The oxalic acid was determined by titration with 
permanganate solutions, and the oxides by ignition of the salts. 
From the ratios between the oxalic acid and the oxides, the 
molecular weights of the latter could be computed without reference 
to the amount of moisture in the initial substances. This method 
has since been employed by others, and especially by Brauner, in 
his work on the atomic weights of cerium and lanthanum. It is 
worth noting here that Gibbs had previously taken some part in 
atomic weight determinations. Those of Wing on cerium, and of 
Lee on cobalt and nickel, were made in Gibbs’s laboratory and 
under his guidance. Furthermore, Gibbs was one of the earliest 
American chemists, if not the first, to accept the modern or 
Cannizzaro system of atomic weights, and to use it in his teaching. 
His mind was never closed to new ideas. It welcomed light from 
all sources. 

Gibbs wrote no books and delivered no popular lectures. He 
was therefore little known to the public at large, but within scientific 
circles he received high honours. He was one of the founders of 
the National Academy of Sciences, and at one time its President, 
and he also presided over the American Association for the 
Advancement of Science. Honorary membership in the German, 
English, and American chemical societies, and in the Prussian 
Academy, was conferred upon him, and he received honorary 
degrees from several universities. His life was that of a devoted: 
scholar, caring most for research, and indifferent to popularity. 
Sensationalism and self-advertising were most obnoxious to him; 
indeed, in these respects, no man could be more fastidious. The 
approval of his fellows he fully appreciated, but only when it was 
spontaneous and deserved. It must not be inferred from these 
remarks that Gibbs was deficient in public spirit, for that would be 
most untrue. During the Civil War, from 1861 to 1865, he was 
strongly patriotic, and did much to help the Union side. The 
Union League Club of New York, organised to bring together the 
more patriotic citizens of that city, was founded at a meeting 
in his house, and is to-day a strong social institution. Gibbs was 
also active in the Sanitary Commission, an organisation modelled 
upon the work of Florence Nightingale in the Crimea, and the 
forerunner of the Red Cross Society of to-day. 

Wolcott Gibbs was a man of striking personality, tall, erect, and 
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dignified. As with most men of positive character, he had strong 
likes and dislikes, but the latter never assumed unworthy form. 
To his friends he was warmly devoted, and always ready to help 
them in their work with manifold suggestions. His breadth of 
mind is indicated by the range of his researches, and his liberality 
by the way in which he encouraged his students to develop his 
ideas. More than one important investigation was based upon 
hints received from him, and was carried out under his supervision, 
to appear later under another name. Gibbs never absorbed the 
credit due even in part to others, nor failed to recognise the merits 
of his assistants in the fullest way. Had he been more selfish, 
his list of publications would have lengthened; but his sense of 
justice was most keen, and therefore he held the esteem and 
confidence of his co-workers. No man, not even among his 
opponents, for such there were, could ever accuse him of unfairness. 
He deserved all honour, and his name will live long in the history 
of that science to which his life was given. 


CXLV.—Some Derivatives of Anthraquinone. 


By Dororny Harrop, Rotanp Victor Norris, and CHARLES 
WEIZMANN. 


In a previous communication (this vol., p. 279) the authors have 
described certain derivatives of naphthacenequinone obtained by 
condensing 3 : 6-dichlorophthalic anhydride with a-naphthol by means 
of boric acid, the 3: 6-dichloro-l’-hydroxy-2-8-naphthoylbenzoic acid 
being caused to undergo internal condensation by means of fuming 
sulphuric acid, producing 7 :10-dichloro-1-hydroxynaphthacene- 
quinone : 


C,H,Cl<60>O oH; -OH. 


It was found that by boiling this quinone with aniline or toluidine, 
the chlorine atoms were replaced by the anilino- or toluidino-residues. 
In the present communication the authors have extended their 
investigations to the dimethylanthraquinones, and find that the 
reactivity of the chlorine atoms is not restricted to amino-groups, but 
that phenol and thiophenol will react quite easily in presence of 
alkali, giving rise to the phenyl ethers of hydroxy- and thiol-anthra- 
quinones respectively. The dimethylanthraquinones which are here 
described have been prepared in the usual way by condensing 3 : 6- 
dichlorophthalic anhydride with the three xylenes by means of 


SOME DERIVATIVES OF ANTHRAQUINONE 1313 


aluminium chloride, furnishing the corresponding dichlorodimethyl- 
benzoylbenzoic acids in good yield. 


Cl ogo Me Cl co. Me 
ie of ‘ Me ‘aA ai 


. Jeon | con | /M 
ON Ni 


(1.) (II.) 


On bromination these acids form bromo-substituted derivatives, but 
only that derived from (II) has been isolated in the pure state. On 
warming the acids in fuming sulphuric acid in presence of boric acid, 
they yield the corresponding dichlorodimethylanthraquinones. 


Cl CO Me Cl CO Me Cl CO Me 
/\/N/ ite aaeon ANN 
Vase \/ A en yy \/ / 

Cl CO Cl Cl CO Me 

(IV.) a .) (VL) 


All these quinones crystallise wel], and the yields are good except in 
the case of (V), where the closing of the ring is very difficult, and never 
more than 5 per cent. of the theoretical amount has been obtained. 
With fuming nitric acid all three quinones form nitro-derivatives ; 
(V) and (VI) yield mononitro-compounds, but in the case of (IV) a 
dinitro-derivative is obtained. 

As previously stated, when boiled with aniline in the presence of 
boric acid, or with phenol or thiophenol in the presence of alkali, each 
chlorine atom is displaced by the anilino-, phenoxy-, or phenylthiol group 
respectively. The dianilinodimethylanthraquinones are dark blue, 
whilst the phenoxy- and phenylthiol derivatives are yellow and dark 
red respectively. 

The entrance of the auxochromic groups into the anthraquinone 
molecule and their influence on the colour of the quinone follow the 
general rule. The position of the methyl groups exerts practically no 
influence on the colour of the compounds or on the colour of their 
solutions in concentrated sulphuric acid, except in the case of the 
phenoxy- and phenylthiol compounds. In the former case the 
quinone derived from p-xylene gives in sulphuric acid a much bluer 
shade of violet, whereas in the latter the reverse seems to hold good. 
The quinone derived from p-xylene gives a green coloration in 
concentrated sulphuric acid, whereas that from o-xylene gives a blue 
solution. The quinone from m-xylene also forms a blue solution, 
but turns green on gentle warming. The influence of the auxochromes 
is shown in the following table. 
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Colour in 
Substance. Colour. sulphuric acid. 


Dimethyl: anthr aquinones hipapianonensamnsterscs Yellow 

wreenish-yellow Orange-red 
Dis anilinodimethy I anthr: AQUINONES .......06 06 Blue Green 
Diphenoxydimethylanthranones ............ Yellow Violet 
Diphenylthioldimethylanthr: aquinones . oeree Dark red 3lue 


EXPERIMENTAL. 
3 : 6-Dichloro-2' : 3'-dimethyl-2-benzoylbenzoie Acid (I, p. 1313). 


This acid is prepared by condensing 3 : 6-dichlorophthalic anhydride 
and o-xylene in presence of aluminium chloride. One hundred grams 
of 2:6-dichlorophthalic anhydride, purified by distillation in a 
vacuum, are mixed with 150 grams of o-xylene, and 200 grams of 
finely powdered aluminium chloride are gradually added. The 
reaction soon becomes vigorous, and the mixture assumes a dark red 
colour. After the addition of the aluminium chloride, the whole is 
heated on the water-bath until hydrogen chloride is no longer evolved 
(four hours). The semi-solid mass is then decomposed by ice and 
dilute hydrochloric acid, and the excess of o-xylene is removed by 
distillation in a current of steam. The dark brown oil remaining 
slowly solidifies on cooling. It is purified by dissolving in dilute 
aqueous sodium hydroxide, warming with animal charcoal, and de- 
composing the alkaline solution by ice and hydrochloric acid, when 
dichlorodimethylbenzoylbenzoic acid separates as a_ bulky, grey 
precipitate. After collecting and drying, it is washed with cold benzene 
to remove traces of oily products, and finally purified by crystallisation 
from glacial acetic acid : 

0°1141 gave 0:2478 CO, and 0:0402 H,O. C=59:21; H=3°9. 

01241 ,, 01089 AgCl. Cl=21°72. 

C,,H,.0,Cl, requires C=59°46 ; H=3°72 ; Cl=21°95 per cent. 

3 : 6-Dichloro-2' : 3'-dimethyl-2-benzoylbenzoic acid when anhydrous 
melts at 181°. It is readily soluble in alcohol, and crystallises from 
glacial acetic acid in minute, colourless needles. Its sodiwm salt is 
yellow. 

When its acetic acid solution is heated with a slight excess of 
bromine for twenty-four hours on the water-bath, 2 monobromo- 
derivative is produced, but so far this acid has not been obtained in a 
pure condition. 


5 : 8-Dichloro-1 : 2-dimethylanthraquinone (IV, p. 1313). 


This is prepared by heating a mixture of the acid just described 
(50 grams), boric acid (50 grams), and an excess of fuming sulphuric 
acid, containing 10 per cent. of sulphur trioxide, to 120° for ten 


SOME DERIVATIVES OF ANTHRAQUINONE. 1315 


minutes. The product is poured on ice, boiled, and filtered ; the green 
precipitate of the quinone is freed from traces of acid by boiling with 
dilute aqueous sodium hydroxide, filtering, and then washing with a 
little dilute hydrochloric acid. 

5 : 8-Dichloro-1 : 2-dimethylanthraquinone crystallises from glacial 
acetic acid in greenish-yellow needles, which melt at 269—270°: 

02454 gave 05643 CO, and 00785 H,O. C=62°'71 ; H=3°55. 

01413 ,, 01317 AgCl. Cl=23-04. 

C,,H,,0,Cl, requires C= 62:97; H=3:28 ; Cl= 23-25 per cent. 

This quinone is readily soluble in benzene or xylene, but only 
sparingly so in alcohol. Its solution in sulphuric acid is orange-red. 
When warmed with fuming nitric acid for about fifteen minutes and 
then poured into water it yields a dinitro-compound. 

5 : 8-Dichlorodinitro-1 : 2-dimethylanthraquinone crystallises from 
glacial acetic acid in pale yellow needles, which melt at 226°. It is 
practically insoluble in alcohol or benzene, but readily so in xylene : 

0°1085 gave 0°1926 CO, and 0:°0216 H,O. C=4840; H=2°21. 

01209 ,, 74. N, (moist) at 19° and 772 mm. N=7'14. 

071352 ,, 0°0958 AgCl. Cl=17°52. 

C,;H,O,N,Cl, requires C= 48°61; H=2:02; N=7:09; Cl=17°95 

per cent. 

5 : 8-Dianilino-1 : 2-dimethylanthraquinone, 

(NHPh),C,H,<¢,>C;HsMe,, 


is formed when 5 : 8-dichloro-1 : 2-dimethylanthraquinone, together with 
a little borie acid, is boiled with aniline for twelve hours. The 
original red solution gradually changes to blue. The solution is then 
treated with alcohol and hydrochloric acid, the precipitate collected, 
washed free from aniline hydrochloride, and crystallised from xylene, 
from which it separates in dark blue crystals. It is readily soluble 
in benzene, xylene, or nitrobenzene. Its solution in concentrated 
sulphuric acid is green : 

01003 gave 0°2949 CO, and 00501 H,O. C=80'18; H=6°61. 

01106 ,, 64 cc. N, (moist) at 20°and 757 mm. N=6°61. 

C,,.H,,0,N, requires C = 80°38 ; H=5:26 ; N=6°69 per cent. 
5 : 8-Diphenoxy-1 : 2-dimethylanthraquinone, 


(OPh),C,Hy<oy,>O; Mey, 


is prepared by boiling 10 grams of 5: 8-dichloro-1 : 2-dimethylanthra- 
quinone with 10 grams of sodium hydroxide and a large excess of 
phenol for twenty minutes. The liquid, which has an orange-yellow 
colour, is acidified with hydrochloric acid, and the excess of phenol 
removed by distillation in a current of steam, when the diphenoxy- 
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quinone is left as a brown oil, which solidifies on cooling. After 
drying, it is purified by crystallisation from glacial acetic acid, from 
which it separates in yellow needles melting at 214° It is readily 
soluble in benzene, xylene, or nitrobenzene, but sparingly so in alcohol. 
In concentrated sulphuric acid its solution possesses a fine violet 
colour, which becomes redder on the addition of fuming sulphuric 
acid ; 

0°1243 gave 0°3643 CO, and 0.0532 H,O. C=79'89; H=4 76. 

C,.H,,0, requires C= 80°00 ; H =4:76 per cent. 
5 : 8-Diphenylthiol-1 : 2-dimethylanthraquinone, 


(SPh),C,H,<ce>C,H,Me,, 


is prepared in an exactly similar manner to the above-mentioned 
phenoxy-derivative, replacing the phenol by thiophenol : 

0°1442 gave 0°3912 CO, and 0:0539 H,O. C=74:00; H=4:31. 

0°2013 ,, 02113 BaSO,. S=14-41. 

C,,H,,0,8, requires C = 74°33 ; H=4:42 ; S=14°15 per cent. 

5 : 8-Diphenylthiol-1 : 2-dimethylanthraquinone _ erystallises from 
acetic acid in beautiful dark red needles, is readily soluble in xylene 
or nitrobenzene, but only slightly so in alcohol. Its solution in con- 
centrated sulphuric acid is dark blue. 


3 : 6-Dichloro-2’ : 4'-dimethyl-2-benzoylbenzoic Acid (II, p. 1313). 


This acid is prepared by condensing 3 : 6-dichlorophthalic anhydride 
with m-xylene in presence of aluminium chloride as described in the 
preparation of 3: 6-dichloro-2’ : 3’-dimethyl-2-benzoylbenzoiec acid 
(p. 1314), which acid it resembles in properties. It melts at 164°: 

0°1166 gave 0°2417 CO, and 0:0303 H,O. C=59°60; H=3-64. 

01462 ,, 0°1249 AgCl. Cl=21°80. 

C,,H,.0,Cl, requires C=59°46 ; H=3'72 ; Cl=21:95 per cent. 

3 :6-Dichloro-5'-bromo-2’ : 4'-dimethyl-2-benzoylbenzoic acid is obtained 
when the acetic acid solution of the acid just described is heated on 
the water-bath with an, excess of bromine for twenty hours. 

On pouring the solution into water, a sticky, white precipitate is 
formed, which is collected, washed with sodium hydrogen sulphite, and 
crystallised from xylene : 

0°1053 gave 0°1835 CO, and 00285 H,O. C=4751; H=3°00. 

01343 ,, 0°1569 AgCland AgBr. Cl + Br=37°24. 
C,,H,,0,Cl,Br requires C= 47-77; H= 2-73; Cl + Br=37'54 percent. 

3 :6-Dichloro-5'-bromo-2 : 4'-dimethyl-2-benzoylbenzoic acid crystallises 
in small], colourless needles, which dissolve readily in alcohol, benzene, 
or xylene. Its sodiwm salt is yellow. 
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5 :8-Dichloro-1 : 3-dimethylanthraquinone (V, p. 1313). 


This quinone is prepared in a similar manner to the quinone derived 
from o-xylene (p. 1314) by heating 3 : 6-dichloro-2’ : 4’-dimethyl-2- 
benzoylbenzoic acid with boric acid and fuming sulphuric acid. The 
yield, however, is extremely poor, a large quantity of resinous matter 
being invariably formed. The best results are obtained by using 
sulphuric acid containing about 30 per cent. of sulphur trioxide, and 
keeping the temperature below 110°. It is also advisable to carry out 
the operation with very small quantities (5 grams) at a time. In no 
case, however, was the yield more than 5 per cent. The quinone is 
purified by crystallisation from acetic acid, from which it separates in 
pale greenish-yellow needles melting at 208°. Its properties are 
similar to those of the quinone derived from o-xylene (p. 1315): 

0°1249 gave 0°2879 CO, and 0:0392 H,O. C=62°86; H=3°49. 

01443 ,, 01349 AgCl Cl=23:11. 

C,,H,,0,Cl, requires C=62°97 ; H=3°28; Cl=23°25 per cent. 

On warming this compound with fuming nitric acid for fifteen 
minutes and pouring the solution into water, a mononitro-derivative is 
obtained. 

5 : 8-Dichloronitro-1 ; 3-dimethylanthraquinone crystallises from acetic 
acid solution in yellow needles : 

0°1102 gave 0°2198 CO, and 0°0237 H,O. C=544; H=2°39. 

00750 , 28ec. N, at 14° and 749mm. N=4°32. 

0'1554 ,, 01264 AgCl. Cl=20°12. 

C,,H,O,NCI, requires C=54:87; H=2°57; N=4:00; Cl=20°26 
per cent. 

5 : 8-Dianilino-1 : 3-dimethylanthraquinone, 


‘ ee 
(NHPh),C,H,<609>C,;H.Me,, 


is obtained by boiling aniline and 5: 8-dichloro-1 : 3-dimethylanthra- 
quinone under the same conditions as those described previously 
(p. 1315). It crystallises from xylene in dark blue needles. When 
dissolved in concentrated sulphuric acid it forms a green solution : 

0°1063 gave 0°3125 CO, and 0°0514 H,O. C=80:17; H=5:37. 

01241 , 7:2cc. N, at 20° and 758 mm. N=6-62. 

C.,H,.0,N, requires C= 80°38 ; H=5:26 ; N =6°69 per cent. 
5 : 8-Diphenosy-1 : 3-dimethylanthraquinone, 


(OPh).C,H<p0>C;H,Me,, 


is prepared in exactly the same manner as 5 : 8-diphenoxy-1 :2- 
dimnethylanthraquinone (p. 1315). It crystallises from acetic acid in 
yellow needles, which melt at 186°: 
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01336 gave 0°3904 CO, and 0°0558 H,O. C=79°69; H=4-64. 
C.3H 0, requires C= 80-00 ; H=4-76 per cent. 
Its solution in concentrated sulphuric acid is reddish-violet. 
5 : 8-Diphenylthiol-1 : 3-dimethylanthraquinone, 
(SPh),0,H,<po>C,H,Mey, 

is prepared by boiling thiophenol and 5: 8-dichloro-1 :3-dimethyl- 
anthraquinone in presence of alkali (see p. 1316). It erystallises from 
acetic acid in dark red needles, which melt at 207°. Its solution in 
sulphuric acid is blue, but turns green on gentle warming : 

0°1136 gave 0°3103 CO, and 0°0462 H,O. C=7449; H=4:52. 

01879 ,, 01961 BaSO, S=14°32. 

C,,H,,0,8, requires C=74°33 ; H=4:42; S=14°15 per cent. 


3 : 6-Dichloro-2' : 5'-dimethyl-2-benzoylbenzoie Acid (III, p. 1313). 


This acid is prepared by condensing 3 : 6-dicblorophthalic acid with 
p-xylene in presence of aluminium chloride (see p. 1314). It erystallises 


from acetic acid in colourless needles melting at 152°: 


01458 gave 0°3182 CO, and 0:0514 H,O. C=5952; H=3°91. 
071567 ,, 01375 AgCl. Cl=21°69. 
C,,H,,0,Cl, requires C=59°46 ; H=3°72; Cl=21-95 per cent. 
It forms a bromo-derivative on prolonged treatment with bromine 
in acetic acid solution, but, so far, this has not been obtained in a 
condition sufticiently pure for analysis. 


5 : 8-Dichloro-1 : 4-dimethylanthraquinone (VI, p. 1313). 


This is obtained in almost quantitative yield by heating 3: 6- 
dichloro-2’ : 5’-dimethyl-2-benzoylbenzoic acid with concentrated 
sulphuric acid containing 10 per cent. of sulphur trioxide. 

It crystallises from acetic acid in pale yellow needles melting at 
244°. It has similar properties to the two dimethylanthraquinones 
already described. Its solution in sulphuric acid is orange-red : 

0°1064 gave 0°2449 CO, and 0:0335 H,O. C=62°75; H=3-47. 

071539 ,, 01453 AgCl. Cl=23°35. 

C,,H,,0,Cl, requires C=62°97 ; H=3'28; Cl= 23°25 per cent. 

5 :8-Dichloronitro-1 : 4-dimethylanthraquinone is obtained by treating 
the above compound with fuming nitric acid. It crystallises from 
acetic acid in pale yellow needles melting at 243°: 

0°1156 gave 0°2321 CO, and 0°0259 H,O. C=54:75; H=2°49. 

00886 , 30cc. N, at 19° and 764mm. N=3-91. 
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0:1663 gave 071348 AgCl. Cl=20-04. 

C,sH,90,NCl, requires C=54'87 ; H=2°57; N=4:00; Cl= 20°26 
per cent. 

5 : 8-Dianilino-1 : 4-dimethylanthraquinone, 


(NHPh),O,H,<po>C,H.Me,, 


is prepared by boiling the corresponding dichloro-quinone with aniline 
in presence of boric acid (see p. 1315). It erystallises from xylene in 
dark blue needles, and forms a green solution in concentrated sulphuric 
acid : 

0°1062 gave 0°3122 CO, and 0°0572 H,O. C=8019; H=5°35. 

01503 ,, 88cc. N, at 19° and 765 mm. N=6°65. 

C,,H,,0,N, requires C = 80°38 ; H=5:26; N=6°69 per cent. 
5 :8-Diphenoay-1 : 4-dimethylanthraquinone, 


(OPh),C,H,<po>C,HMe,, 


is prepared in the same way as the previously described diphenoxy- 
derivatives, It crystallises in yellow needles melting at 154°. Its 
solution in sulphuric acid is much bluer than the two previously 
mentioned diphenoxy-quinones : 

0°1045 gave 0°3062 CO, and 0:0457 H,O. C=79°87; H=4°86. 

C,,H,,0, requires C=80-00 ; H = 4°76 per cent. 
5 : 8-Diphenylthiol-1 : 4-dimethylanthraquinone, 
(SPh),CpH, <p >CoHMey, 

prepared as described in the case of the corresponding compounds 
derived from o-and m-xylene (p. 1316), crystallises in dark red needles. 
Its solution in concentrated sulphuric acid is green : 

0°1263 gave 0°3432 CO, and 0°0484 H,O. C=74:12; H=4:24, 

01661 ,, 01741 BaSO, S=14:38. 

C.,H90,8, requires C= 74°33 ; H=4:42 ; S=14°15 per cent. 


THe UNIVERsITY, 
MANCHESTER. 


CXLVL—The Colour and Constitution of Diazonium 
Salts. Part I. 


By Gitpert T. Morgan and Mary A cock, B.Se., A.R.C.S. 


In accordance with the hypothesis first put forward by Cain (Trans., 
1907, 91, 1040), diazonium salts must be regarded as substances of a 
hemi-quinonoid type, and this view receives confirmation from the 
following circumstances: the fact that only aromatic amines can be 
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diazotised, the great reactivity of diazonium salts, the readiness with 
which these substances lose their diazo-nitrogen, and the not infrequent 
appearance of colour among this class of compounds. 

The static para-configuration (I1) for diazonium salts has, however, 
been adversely criticised by those who contend that substances having 
the second nitrogen atom attached to the para-carbon atom of the 
nucleus should yield para-diamines on reduction, a result which has 
not hitherto been observed. The connexion between the tervalent 
diazo-nitrogen and the para-carbon atom can, therefore, scarcely have 
the stability generally associated with a single linking. 

This criticism is equally applicable to the ortho-quinonoid configura- 
tion (I and IIT) suggested as a possible alternative (Trans., 1907, 91, 
1315), for such compounds should, in like manner, yield ortho- 
diamines. 

This objection is met by the hypothesis put forward by one of the 
authors in conjunction with Miss Micklethwait, according to which these 
static ortho- and para-configurations may be regarded as successive 
phases in the life history of a diazonium salt. It is assumed that the 
direction of the third valency of the tervalent nitrogen atom under- 
goes a rhythmical change, so that it is directed successively towards 
the carbon atoms in positions 2, 4, and 6 in the nucleus * (Trans., 


1908, 93, 618). 


(II.) (ilI.) 


This conception of shifting valency directions has already afforded 
an explanation of the chemical reactions of compounds of very varied 
type. It forms an essential part of Kekulé’s hypothesis of the 
constitution of benzene, and quite recently has been systematically 
employed under the name of “ isorropesis”” by Baly and his collaborators 
as a working hypothesis of the structure of compounds displaying 
certain spectroscopic peculiarities. 

With the object of gaining further information as to the behaviour 
of diazonium derivatives, experiments have been made on benzoyl- 


* This dynamic formulation can be readily illustrated by the simple mechanical 
models devised by Mr. A. Clayton to meet this case and also that of the oscillating 
bonds of the Kekulé formula for benzene. 
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p-phenylenediamine and its homologues, inasmuch as these bases furnish 
exceptionally stable diazonium salts. 

Benzoyl-p-aminobenzenediazonium hydroxide has already been shown 
to yield a nitrite and a carbonate (Trans., 1905, 87, 933), and in this 
research the chloride, acetate, and perchlorate have been shown to be 
stable in the dry state. The last of these is, therefore, remarkably 
different from benzenediazonium perchlorate, which is described as 
extremely explosive even in a moist condition (Vorlander, Ber., 1906, 
39, 2715). 

It might accordingly be supposed that the presence of the p-benzoyl- 
amino-group brings about a variation in the configuration of the 
diazonium complex, whereby a more stable molecule results. This 
structural variation could only be produced by a migration of the 
labile hydrogen atom from the benzoylamino-group, C,H,*CO-NH, to 
the diazonium complex, leading to the formation of a salt having the 
following formula : C,H,-CO*N:C,H,:N, HCl. 

This possibility is now quite excluded, because it has been shown that 
the bases in which this hydrogen is replaced by methyl and ethyl give 
rise to diazonium salts having the same chemical properties as those 
containing the group C,H,-CO-NH. 

as-Benzoylmethyl-p-phenylenediamine and as-benzoylethyl-p-phenylene- 
diamine have been prepared and studied from this standpoint. These 
bases are more fusible than benzoyl-p-phenylenediamine, and a 
similar fall in the melting point is noticed in their corresponding 
derivatives. This difference is most pronounced in the case of the 
diazonium salts, for whereas the benzoyl-p-aminobenzenediazonium 
salts are crystallisable solids, the benzoylalkyl-p-aminobenzenediazonium 
salts, with few exceptions (for example, the molybdates and tungstates) 
are oily at the ordinary temperature. In other respects, these solid 
and oily diazonium salts are similar ; they are colourless and stable when 
dry, and undergo similar transformations on treatment with alkalis. 

Sodium hydroxide and these diazonium salts interact in accordance 
with the following equation : 
2C,H,°CO-NX:C,H,°N,Cl + 2NaOH = 2NaCl+N,+ H,0+ 

C,H,*CO'NX:C,H,°N,*O°C,H,-NX°CO-C,H,, 
where X = H, CH,, or C,H,. 

With ammonia the course of the change depends, to some extent, on 
the nature of the radicle X in the foregoing formula, for, when this 
symbol represents CH, or C,H,, a diazoamine is the main product : 

20,H,-CO-NX:-C,H,°N,Cl+ 3NH, =2NH,Cl1+N, + 

C,H,"CO-NX°C,H,-N,-NH°C,H,-NX°CO-C,H,. 

When X is hydrogen, the reaction leads partly to the diazoamine, 

but also to the diazo-oxide. The nitrogen eliminated in these decom- 
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positions is set free as such, and no trace of nitrite could be detected. 
These diazonium salts differ, therefore, from p-nitrobenzenediazonium 
chloride, which has recently been found to regenerate nitrite under 
treatment with alkalis (Ber., 1909, 42, 881). 


Summary. 


These experiments show that the diazonium salts of benzoyl-p-phenyl- 
enediamine and the as-benzoylalky]-p-phenylenediamines are similarly 
constituted, so that their stability must be attributed to the introduc- 
tion into the nucleus of the heavy substituent C,H,-CO-NX (where 
X is H, CH,, or C,H;), and not to any modification of the ordinary 
diazonium configuration. When treated with aqueous sodium hydr- 
oxide and ammonia, these diazonium salts lose half their diazo-nitrogen, 
yielding diazo-oxides and diazoamines respectively. 


EXPERIMENTAL 


Preparation of the N-Alkyl Homologues of Benzoyl-p-phenylene- 


diamine. 


as-Benzoylmethyl-p-phenylenediamine, COPh*NMe:C,H,-NH,.— 
Methyl-p-nitroaniline, obtained by methylating 4 : 4’-dinitrodiazo- 


aminobenzene and decomposing the resulting alkyldiazoamine with 
concentrated hydrochloric acid (Meldola and Streatfeild, Trans., 1888, 
53, 667), was benzoylated with benzoyl chloride in boiling toluene 
(compare Meldola and Salmon, Trans., 1888, 53, 776), and the 
benzoylmethyl-p-nitroaniline thus produced was reduced with iron 
filings and very dilute hydrochloric acid, the following quantities 
being convenient proportions for this experiment: 12 grams of nitro- 
compound, 750 c.c. of water, 6 c.c. of concentrated hydrochloric acid, 
and 15 grams of iron filings. After one hour’s heating, the mixture, 
rendered distinctly alkaline with sodium carbonate, was rapidly 
filtered while hot, and the residue of iron and iron oxide was repeatedly 
extracted with hot water. The diamine separated in colourless 
needles, the yield being about 87 per cent. When crystallised 
successively from toluene and light petroleum (b. p. 80—100°), the 
base, which is only very sparingly soluble in the latter solvent, melted 
at 153—154° : 

01814 gave 0°4896 CO, and 0°1049 H,O. C=73°60; H=6-43. 

03349 ,, 366 cc. N, at 20° and 748:4 mm. N=12°31. 

C,,H,,ON, requires C=74°33 ; H=6:19 ; N=12°39 per cent. 

as - Benzoylethyl - p-phenylenediamine, COPh:NEt:C,H,-NH,.— 
Benzoylethyl-p-nitroaniline, prepared by the method already employed 
for benzoylmethyl-p-nitroaniline, was also reduced in a similar manner. 
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The resulting base resembled the foregoing diamine, and was 
crystallised successively from water, benzene, and light petroleum ; it 
then separated in colourless needles, and melted at 117°: 


0°1577 gave 04372 CO, and 0:0956 H,O. C=75°61; H=6°75. 
0°2594 ,, 263 cc. N, at 23° and 773 mm. N=11°66. 
C,,H,,ON, requires C= 75:00 ; H=6°67 ; N=11°67 per cent. 

as-Benzoylethyl-p-phenylenediamine and the foregoing base are 
very sensitive to the action of water or moist solvents, particularly in 
the presence of alkalis. In these circumstances they darken very 
perceptibly, this action taking place more readily in the presence of 
light. Benzoyl-p-phenylenediamine is itself oxidised with similar 
readiness, and the colourless preparations required for the following 
experiments were obtained by crystallisation from dry solvents, such as 
benzene, toluene, and light petroleum. 


The Diazonium Salis of Benzoyl-p-phenylenediamine and its 
as-N-Alkyl Homologues. 


Benzoyl-p-phenylenediamine hydrochloride, COPh:NH-C,H,°NH,,HCI, 
is a white solid obtained by passing hydrogen chloride into a warm 
solution of the base in benzene or toluene : 


0°3314 gave 0°1861 AgCl. Cl=13-90. 
C,,H,,ON,Cl requires Cl = 14°29 per cent. 


This salt is insoluble in ether, but dissolves readily in alcohol or 
water. When diazotised with amyl nitrite in glacial acetic acid, ether 
precipitates benzoyl-p-aminobenzenediazonium chloride, 

COPh:NH:C,H,°N,Cl, 
as a colourless, crystalline solid very soluble in water or alcohol, the 
aqueous solution having a neutral reaction to litmus : 


0:2028 gave 0°1089 AgCl. Cl=13:29. 

C,,H,,ON,Cl requires Cl= 13°68 per cent. 

The dry salt decomposes at about 139°, and when boiled in aqueous 
solution it evolves nitrogen and yields benzoyl-p-aminophenol (m. p. 
206°). The corresponding diazonium nitrate obtained from this 
chloride and potassium nitrate by double decomposition separates in 
lustrous, colourless crystals. 

Benzoyl-p-aminobenzenediazonium acetate, COPh*NH’C,H,'N,"OAc, 
is obtained by diazotising with amyl nitrite a glacial acetic acid 
solution of benzoyl-p-phenylenediamine and precipitating with dry 
ether. As thus obtained the diazonium acetate is a colourless, 
crystalline substance, which turns yellow and then changes to brown on 


exposure to the atmosphere : 
4R 2 
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0°1181 gave 14:3 cc. N, at 21° and 7665 mm. N=13°91. 
C,;H,,0,N, requires N = 14°84 per cent. 

Benzoyl-p-aminobenzenediazonium perchlorate, obtained from the 
diazonium chloride and potassium perchlorate in warm aqueous 
solution, crystallises on cooling in colourless needles, which turn yellow 
on exposure to light and air. This salt explodes on heating or on 
percussion : 

Found, N=11°70. ©,,H,,O;N,Cl requires N = 12-98 per cent. 

Benzoyl-p-aminobenzenediazonium sulphate, prepared in the same way 
as the chloride, is precipitated in colourless crystals by ether. The 
product appeared to be a mixture of normal and acid sulphates, the 
estimations of sulphur and nitrogen both giving numbers in accordance 
with this view. 

The foregoing diazonium salts are all colourless when freshly 
prepared from pure benzoyl!-p-phenylenediamine, but become coloured 
on exposure to the atmosphere. They couple readily with alkaline 
B-naphthol, giving rise to benzoyl-p-aminobenzeneazo-B-naphthol. 

The diazonium chloride reacts with potassium chromate, 
potassium ferricyanide, and barium platinocyanide, giving rise to yellow, 
crystalline, sparingly soluble diazonium salts. The diazonium tung- 
state and molybdate of benzoyl-y-phenylenediamine, unlike the corres- 
ponding salts of the V-methyl and JV-ethyl bases, are very unstable, 
and cannot be preserved ; the diazonium azide is a sparingly soluble, 
white substance, which rapidly evolves nitrogen. 

Benzoyl-p-aminodiazobenzene cyanide, COPh:NH:C,H,°N,°CN, 
produced by the interaction of molecular proportions of the diazonium 
chloride and potassium cyanide in aqueous solution, separates as an 
orange-coloured precipitate, which is quite stable on drying : 

01823 gave 0°4457 CO, and 0:0792 H,O. C=66°68; H=4:52. 

02197 ,, 43°8c¢.c. N, at 245° and 768 mm, N=22°55. 

C,,H,,ON, requires C= 67:20; H=4:00 ; N = 22°67 per cent. 

Only this modification of the diazo-cyanide could be obtained ; 

it does not couple with alkaline 6-naphthol. 


Diazonium Salts of the as-Benzoylalkyl-p-phenylenediamines. 


The diazonium salts from as-benzoylmethyl-p-phenylenediamine and 
as-benzoylethyl-p-phenylenediamine and the commoner acids are oily 
substances. The diazonium chlorides are produced by dissolving the 
base in glacial acetic acid, passing in a slight excess of hydrogen 
chloride, and adding amy] nitrite to the cooled solution. The addition 
of dry ether determines the precipitation of the diazonium chloride as 
a viscid, colourless oil. 

Diazotisation with ethyl nitrite gives a similar result. The least 
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coloured products are obtained by diazotising with dry reagents in 
the dark, as the newly prepared compounds are very sensitive to light 
and moisture. The diazonium sulphates and acetates are also viscid 
oils. With the object of obtaining solid diazonium salts of these two 
bases, the diazonium chloride was treated in aqueous solution with 
the alkali salts of a large selection of inorganic and organic acids. 
These attempts were unavailing, except in the case of the molybdates, 
tungstates, phosphomolybdates, and phosphotungstates, when solid, 
colourless diazonium salts were precipitated. 

Benzoylmethyl-p-aminobenzenediazonium molybdate, 

COPh-N Me:C,H,°N,*HMo0,,H,Mo0,, 
was obtained as a white precipitate from benzoylmethy|-p-amino- 
benzenediazonium chloride and sodium molybdate in aqueous solution: 
0°1424 gave 0:0722 MoO,. Mo=33°80. 
C,,H,,0,N,Mo, requires Mo= 34°22 per cent. 

When dried over phosphoric oxide, this substance retained its white 
colour for an indefinite time. The corresponding diazonium tungstate 
was similarly prepared, but owing to its greater solubility in water or 
aqueous sodium tungstate it was not isolated in a state of pusity. 

Benzoylethyl-p-aminobenzenediazonium molybdate, 

COPh:NEt-C,H,°N,*HMo0,,H,Mo0,, 
was also obtained as a white sesatalbete : 


0°3421 gave 19:2 c.c. N, at 25° and 771 mm. N=6°36. 

01291 ,, 0°0651 MoO,. Mo=33°62. 

C,,H,,0,N,Mo, requires N = 7°30 ; Mo= 33°39 per cent. 

The corresponding tungstate was obtained as a white precipitate, 
which, owing to its greater solubility, could not be completely freed 
from sodium tungstate. 

The diazonium salts of the two alkylated benzoyl-p-phenylene- 
diamines, whether solid or oily, couple readily with alkaline 
B-naphthol. 

Benzoylmethyl-p-aminobenzeneazo-B-naphthol, 

COPh‘N Me:C,H,'N,°C,,H,°OH, 
is insoluble in water, but dissolves readily in alcohol, from which 
solvent it separates in dark crimson crystals with a green reflex ; its 
melting point is 152°: 

01739 gave 16°5 c.c. N, at 20°5° and 750 mm. N=10-69. 

C,3H,,0,N, requires N = 11-02 per cent. 

Benzoylethyl-p-aminobenzeneazo-B-naphthol, 

COPh:NEt:-C,H,-N,°C,,H,°OH, 
is a scarlet-red compound, crystallising somewhat indefinitely from 
acetic acid, alcohol, or ethyl acetate, and melting at 174—175°: 


1326 MORGAN AND ALCOCK: THE COLOUR AND 


0°2695 gave 26°4 c.c. N, at 20° and 764 mm. N=11°27. 
C,,H,,0,N, requires N = 10°63 per cent. 
These azo-derivatives develop deep purple colorations with 
concentrated sulphuric acid. 


Diazoamines from Benzoyl-p-phenylenediamine and its N-Alkyl 
Homologues. 


Dibenzoyl-4 : 4'-diaminodiazoaminobenzene, 
COPh’NH:C,H,°N,-NH-C,H,*NH°COPh. 
—This compound was obtained by the interaction of benzoyl- 
p-phenylenediamine and its diazonium chloride, the former being 
dissolved in alcohol and the latter in water. A development of 
colour indicates the production of the diazoamine, and the product is 
deposited as an orange-brown precipitate on the addition of sodium 
acetate, which decomposes rapidly in contact with aqueous solutions. 
When quickly collected and dried it decomposed at 186°: 
01058 gave 14°6 c.c. N, at 20° and 7676 mm. N=15°95. 
C,,H,,0,.N, requires N =16°09 per cent. 
Although insoluble in water, the diazoamine dissolved readily in 
alcohol. 
Dibenzoyldimethyl-4 : 4'-diaminodiazoaminobenzene, 
COPh:N(CH,):C,H,°N,*NH°C,H,*N Me:COPh. 
—The oily benzoylmethylaminobenzenediazonium chloride was dissolved 
in water and added to an alcoholic solution of as-benzoylmethyl-p- 
phenylenediamine. The mixture remained clear, and the diazoamine 
was slowly precipitated by the addition of aqueous sodium acetate. 
The product was a pale yellow substance, readily soluble in alcohol, 
and decomposing at 146°: 
0°1699 gave 21:7 c.c. N, at 19°2° and 76433 mm. N=14:77. 
C,,H,,0,N, requires N = 15°12 per cent. 


Dibenzoyldiethyl-4 : 4’-diaminodiazoaminobenzene, 
COPh:NEt:C,H,°N,°-NH°C,H,*NEt*COPh. 
—This diazoamine resembled the preceding compound, and was produced 
in a similar manner ; it decomposed at about 104°: 
0°2289 gave 27:4 c.c. N, at 19°7° and 764°9 mm. N=13°80. 
C,,)H,,0,N,, requires N = 14°26 per cent. 

These diazoamines were resolved into their generators on treatment 
with cold concentrated hydrochloric acid, the presence of the diazonium 
chloride being detected by the interaction with alkaline B-naphthol. 
The diazoamines themselves do not couple with this reagent. 
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Interaction of the Foregoing Diazonium Salts with Ammonia and 
Sodium Hydroxide. 


1. Benzoyl-p-aminobenzenediazonium Chloride. 


(a) Action of Aqueous Sodium Hydroxide.—The addition of this alkali to 
an aqueous solution of the diazonium chloride producesa yellow coloration, 
and gradually a brown solid separates, this change being accompanied 
by the evolution of nitrogen. After several hours the generation of gas 
ceases, and an electrolyte, such as sodium chloride or acetate, is added to 
coagulate the colloidal precipitate. The product is collected after 
twelve hours, and is then sufficiently granulated to be washed without 
dissolving again to a colloidal solution. The dried diazo-oxide is very 
easily electrified ; it decomposes indefinitely at 162°, and dissolves 
readily in alcohol, but does not crystallise easily : 

0°1269 gave 0°3298 CO, and 0:0608 H,O. C=70°87; H=5:32. 

01868 ,, 198cc. N, at 20° and 754mm. N=12-03. 

C,,H,,O,N, requires C=71'57; H=4°59; N=12°84 per cent. 

(b) Action of Ammonia.—The interaction of ammonia and benzoyl- 
p-aminobenzenediazonium chloride in aqueous solution gives rise to a 
change similar to that observed in the reaction with sodium hydroxide, 
but in this case the yellowish-brown product is a mixture of diazo- 
amine and diazo-oxide, decomposing at about 135°. The nitrogen 
estimations were made on different preparations : 

0°1462 gave 0°3772 CO, and 0°0752 H,O. C=70°34; H=5°71. 

0:2041 ,, 248c.c. N, at 22° and 766°7 mm. N=13°89. 

01038 ,, 13:leec. N, ,, 20° ,, 742mm. N=14:09. 

The diazoamine, C,,H,,0,N,, requires C= 71°73 ; H=4°83 ; N=16-09 
per cent., whilst the diazo-oxide should contain 12°84 per cent, 
of nitrogen. 

These experiments with sodium hydroxide and ammonia were 
repeated in the volumeter, when it was found that in the former case 
1:7 atoms, and in the latter 1:8 atoms, of nitrogen were liberated from 
two molecular proportions of the diazonium chloride. 


2. Benzoylmethyl-p-aminobenzenediazonium Chloride. 


(a) With Sodium Hydroxide.—The alkali determined the gradual 
separation of an orange-brown solid from the aqueous solution of this 
diazonium salt, the change being accompanied by the evolution of 
nitrogen. The product was left to coagulate, and then collected and 
dried. It was soluble in alcohol, but did not erystallise readily. 
Analysis showed that the substance was a diazo-oxide : 
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0°1233 gave 0:3268 CO, and 0:0623 H,O. C=72°30; H=5-71. 
01072 ,, li6cc. N, at 24° and 759mm. N=12°'11. 
C,,H,,0,N, requires C=72°41 ; H=5:17; N=12°07 per cent. 

The diazo-oxide decomposed indefinitely at 145°. 

(b) With Ammonia.—The addition of ammonia to the solution of the 
diazonium chloride leads to the production of a bright orange precipi- 
tate, which decomposed at 146°, and was apparently identical with the 
diazoamine obtained synthetically (p. 1326) : 

0°1292 gave 0°3426 CO, and 0:0674 H,O. C=72°31; H=5:80, 

0°2643 ,, 34:2 c¢.c. N, at 24° and 763mm, N=14'55. 

C,,H,,O,N, requires C= 72°56 ; H=5:'40; N=15-12 per cent. 


3. Benzoylethyl-p-aminobenzenediazonium Chloride. 


(a) With Sodium Hydroxide.—The addition of the alkali to an aqueous 
solution ofthe diazonium salt gave rise to the evolution of nitrogen (one 
molecule from two molecules of salt) and the formation of a brown pre- 
cipitate, which was soluble in alcohol, ether, or benzene. 

This diazo-oxide decomposed at about 90° : 

0°1264 gave 0°3425 CO, and 0:°0672 H,O. C=73°87; H=5°91. 

02157 ,, 215¢.c. N, at 21° and 743mm. N=11°09. 

C,)H,,0,N, requires C= 73°16; H=5°69 ; N=11°39 per cent. 

(b) With Ammonia.—In this case the product was probably identical 
with the diazoamine obtained synthetically (see p. 1326). This pre- 
paration, which decomposes at about 99°, was soluble in alcohol, 
ether, or benzene ; it did not, however, crystallise readily from any of 
these solvents : 

01047 gave 0°:2792 CO, and 0:0584 H,O. C=72°73; H=6-20. 

01230 ,, 0°3282 CO, ,, 0°0683 H,O. C=72'78; H=6:17. 

05139 ,, 62cc. N, at 23° and 7575 mm. N=13°'55. 

C,,H,,0,N, requires C= 73°31; H=5-91 ; N=14:26 per cent. 

Although these diazoamines and diazo-oxides were not produced in 
a definitely crystalline condition, nevertheless satisfactory analytical 
results were obtained from the thoroughly dried substances, owing to 
the fact that in every case very carefully purified base was employed 
in their preparation. 

Neither the diazoamines nor diazo-oxides coupled directly with 
alkaline B-naphthol, but when previously treated with mineral acid 
(especially hydrochloric acid in glacial acetic acid solution) the 
presence of a diazonium chloride was indicated by the azo-condensation 
with the B-naphthol. 

In the reactions with sodium hydroxide, the amount of nitrogen 
liberated was measured in the volumeter, and found to correspond 
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with one molecular proportion of the gas from two molecules of 
diazonium salt. The mother liquors were carefully tested for nitrite, 
but in no case could any be detected. Half the nitrogen originally 
present in the diazonium salt is liberated as such, the remainder being 
present in the diazo-oxide. 


Roya CoLLEGE OF SCIENCE, LONDON, 
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CXLVII.—isolminazolone. 


By Henry Jonn Horstman Fenton and Wriiitam ARTHUR 
Ree@inatp Winks, B.A. 


SEVERAL observations have already been recorded on the condensa- 
tion of dihydroxymaleic acid with organic bases. In the examples 
so far studied, the changes take place with elimination of either 
one or two molecules of carbon dioxide, so that the resulting 
products may be regarded as if they were derived from either 
tartronic semi-aldehyde (hydroxypyruvic acid or dihydroxyacrylic 
acid) or from glycollaldehyde. 

Thus, the action of phenylhydrazine yields, in the first place, 
Nastvogel’s osazone, CH(-N,HPh):C(°N,HPh)-CO,H. and after- 
wards, the dihydrazone of glyoxal, CH(:-N,HPh)-CH(:N,HPh). 
With ammonia, in aqueous solution, the result is pyrazine-2: 5- 
dicarboxylic acid, and the formation of this substance from 
tartronic semi-aldehyde is easily intelligible (compare Trans., 1905, 
87, 808). 

When dihydroxymaleic acid is oxidised by mercuric chloride, 
or by ferric salts, the initial product is mesoxalic semi-aldehyde, 
and this readily condenses with carbamide, with loss of carbon 
dioxide, to give glycoluril. There is some probability that in 
this case the initial product is_ glycolurilearboxylic acid, 
C,H;0,N,°CO,H, which differs in composition from uric acid by 
one molecule of water. It appeared to be a matter of interest, 
therefore, to study the condensation of dihydroxymaleic acid itself 
with carbamide in the hope of obtaining a purine derivative, 
possibly, for example, an isomeride of xanthine. It is expected that 
with certain modifications of detail it may yet be possible to attain 
this object ; the direct experiments so far carried out have, however, 
yielded a different result, the nature of which is briefly described in 
the present communication. 

When an intimate mixture of anhydrous dihydroxymaleic acid 
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(1 mol.) and dry carbamide (2 mols.) is heated on a water-bath 
for about two hours, a rather vigorous reaction takes place in 
the first instance, carbon dioxide and ammonia being evolved in 
abundance, with considerable frothing of the mixture. A colour- 
less, transparent liquid eventually results, which sets to a glassy 
solid on cooling; this dissolves very easily in water, but only to 
a limited extent in absolute alcohol, and proves to be a mixture 
of at least two compounds. If this product is repeatedly extracted 
with boiling alcohol, the alcoholic solution on evaporation leaves 
a somewhat gummy residue, which, when treated with small quan- 
tities of cold water, leaves a mass of transparent crystals. These 
are very sparingly soluble in cold water, but dissolve easily in 
hot water, from which the substance separates in large, lustrous, 
and well-defined pyramids. When heated, they darken at about 
225°, and melt completely at 245°. 

Dr. A. Hutchinson has very kindly undertaken the examination 
of these crystals, and the following is his report: 

System.—Tetragonal, probably holohedral. 

ec’ = 0°7063., 

Forms present: a{100} quite small and not found on all crystals, 
pi111} large. Owing to the predominance of the form p, the crystals 
are of pyramidal octahedral habit. The crystals are remarkable in 
that the angle ay=100:111 is 60°. Hence it follows that the angle 
pp” =111:111 is 90°. 

Optically the crystals are uniaxial and negative. 

Aqueous solutions of this substance give an intense blood-red 
colour with ferric chloride; when heated with hydrochloric acid 
and a drop of hydrogen dioxide, a beautiful pink colour is obtained. 
The most striking reaction, however, is obtained when a solution 
of the substance is evaporated to dryness on a water-bath with 
chlorine water, or with hydrochloric acid and a trace of potassium 
chlorate. The residue so cbtained has a brilliant pink colour, and 
this, when treated with ammonia, is changed to violet. Sodium 
hydroxide changes it to a bright rose-red. 

This behaviour so closely resembles that of uric acid and of 
certain other purine derivatives that the authors were, not un- 
naturally, inclined in the first instance to infer that a compound 
of this nature had been obtained. It is considered probable that 
some of the older observers may, in fact, have been dealing with 
the substance now described when they assumed, from the colour 
reaction mentioned, the presence of uric acid. 

The analytical results clearly demonstrate, however, that the 
substance is a condensation product of carbamide and a compound 
containing two atoms of carbon: 
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I. 0°1237 gave 01951 CO, and 0:0552 H,O. C=43:01; H=4°95. 
II. 01214 ,, 346 cc. N, at 16° and 766mm. N=33°74. 
C,H,ON, requires C=42°85; H=4'76; N=33°33 per cent. 

Molecular-weight determinations by the cryoscopic method, using 
acetic acid as solvent, gave the following result: 

0°1281 in 17°31 acetic acid gave At= —0°378. M.W.=75. 

01951 ,, 17°31 “a » At=—0569. M.W.=76. 

C,H,ON, requires M.W.= 84. 

The known substances which have this molecular formula are 
the following: Ruhemann’s pyrazolone (m. p. 156°), Rothenberg’s 
pyrazolone (oil), cyanoacetamide (m. p. 120°), methylparacyano- 
formamide (m. p. 260°), acetylecyanamide (syrup), Angeli’s keto- 
diazopropane (oil), Letsche’s hydroxypyrazole, Abel’s compound 
from epinephrin (not isolated), and lastly, Marckwald’s 
peiminazolone (Ber., 1892, 25, 2357). With the exception of the 
last-named compound all these substances are obviously excluded 
by their properties or mode of formation. (The colour reaction 
with ferric chloride did, indeed, suggest the possibility that the 
substance might be pyrazolone, but comparison with a specimen 
kindly supplied by Dr. Ruhemann showed that there is no real 
resemblance. ) 

Marckwald (with Ellinger) obtained p-iminazolone by heating 
the hydrochloride of aminoacetal in concentrated aqueous solution 
with slight excess of potassium cyanate; a crystalline product 
melting at 105° is thus obtained, which proves to be acetalyl- 
carbamide, NH,*CO-NH:°CH,°CH(OEt),; this, when dissolved in 
water and heated with a few drops of sulphuric acid, yields the 
iminazolone. The change is represented in the following way, the 
acetal of hydantoic aldehyde being an intermediate stage: 

CO:NH:-CH 
wHO+ Ne—CH 


NH, 
CO<NH-CH:CH-OH 


The possibility of the tautomeric formula 


is also suggested. This product is described as_ indistinctly 
crystalline, easily soluble in hot water, and as possessing weakly 
acidic and basic properties; it decomposes above the boiling point 
of concentrated sulphuric acid. No mention is made of any colour 
reactions. 

The mode of formation of the compound now obtained by the 
present authors would at once suggest that it has the constitution 
which Marckwald assigns to his p-iminazolone. It might be 
supposed, for example, that the initial stage consists in the 
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formation of glycollaldehyde, and that this then condenses with 
carbamide. Or, that dihydroxyacrylic acid is first produced, 
which by condensation with carbamide gives iminazolonecarboxylic 
acid, and that the latter subsequently loses carbon dioxide: 


Q(CO,H)OH | CH-OH 
C(CO,H)-OH C(CO,H)-OH 
CH———-N 


aos 
CH-NH 


H 
G(co,H):NH? CO > GH-nH? 


The latter view appears to be more probable, since experiments 
made with pure glycollaldehyde and carbamide have so far failed 
to give the product in question under conditions similar to those 
employed in its formation from dihydroxymaleic acid. 

It appeared desirable, therefore, to make a close comparison 
between this product and Marckwald’s compound, especially as 
the properties seemed to differ notably in certain respects. The 
authors have been enabled to make this comparison owing to 
the kindness of Professor Marckwald, who has supplied them with 
a small specimen of p-iminazolone. As a result, it is found that 
the two compounds are markedly different; repeated purification 
fails to show any distinct crystalline form of p-iminazolone, and 
no acetyl compound could be obtained from it by the treatment 
mentioned below. It does, however, show faint indication of the 
colour reactions referred to, and, since Professor Marckwald does 
not guarantee that the specimen he sends is the same as the 
product analysed, the question as to identity cannot be con- 
clusively settled. Owing to the very considerable difference in 
properties observed, the present authors consider that for their 
product the title tsoiminazolone is perhaps the most appropriate. 

Acetyl Derivative-—When the substance just described is heated 
for a few minutes with excess of acetic anhydride, and the excess 
of the reagent is then removed by distillation, a residue is left 
which, on cooling, sets to a crystalline mass. This, when re- 
crystallised from ether, is obtained in silky needles which melt 
at 106°: 

0°1471 gave 0°2593 CO, and 0°0662 H,O. C=48°07; H=5:00. 

C,;H,ON,(CH,°CO) requires C=47°62; H=4°76 per cent. 

In addition to isoiminazolone, the condensation of dihydroxymaleic 
acid with carbamide may give rise to at least three other products: 

(a) The mixture obtained by heating the substances together 
in the proportion of two molecules of carbamide to one of the acid 
is extracted with alcohol in the manner described above in order 
to obtain the isoiminazolone. The residue is extremely easily 
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soluble in cold water, and if the aqueous solution is poured into 
an excess of alcohol, a very voluminous, white precipitate is 
obtained, which appears, under the microscope, to be indistinctly 
crystalline. After repeated purification by solution in water and 
precipitation with alcohol, this product gives no colour with ferric 
chloride, but if kept for some days it gives a colour corresponding 
with that produced by tsoiminazolone, although it is much less 
intense. When boiled with barium hydroxide, a bulky, brown 
precipitate separates, and the filtrate, after neutralisation, now 
gives a fairly intense blood-red colour with ferric chloride. 
Analysis of this product, dried in a vacuum desiccator, gave 
C=35'1, H=5'59, N=26°8 per cent. Other specimens, however, 
prepared in a similar way, gave somewhat different numbers, and 
it is therefore rather doubtful whether the product is a definite 
substance. The numbers mentioned correspond fairly well with 
the formula C,H,O,N., which requires C=35°3, H=5°88, N=27°4 
per cent.; it is therefore not improbable that the product consists 
essentially of hydantoic aldehyde, NH,"CO-NH-CH,°CHO, but 
that, owing to the instability of this compound, the products 
analysed had a somewhat variable composition. 

(6) When dihydroxymaleic acid and carbamide are heated 
together in equal molecular proportions, a certain amount of 
isoiminazolone is produced, and may be extracted as before from 
the mixture. But in this case the principal product is a substance 
which dissolves very easily in hot water, and immediately separates 
on cooling as a milky, colloidal suspension. The mixture remains 
in this condition even after keeping for twenty-four hours or 
longer, but coagulation almost immediately takes place on the 
addition of a minute quantity of an electrolyte, such as ammonium 
chloride. The solid so obtained appears to be amorphous, and is 
practically insoluble in cold water; its solutions give no colour 
with ferric chloride. 

(c) When dihydroxymaleic acid and carbamide are heated in 
aqueous solution with a few drops of concentrated hydrochloric 
acid, a dark brown powder separates, which dissolves in concen- 
trated hydrochloric acid, giving a red solution. This colour is 
intensified if an oxidising agent, such as hydrogen dioxide, is 
added, whereas reduction with zinc and dilute acid destroys the 
colour. Addition of hydrogen dioxide to the reduced solution 
immediately restores the colour, and the operations may be 
repeated almost indefinitely without material diminution of the 
colour intensity. The same brown substance is obtained if glycoll- 
aldehyde is condensed with carbamide in a similar way, and the 
colour effects mentioned may serve as a fairly delicate test for the 


1334 FENTON AND ROBINSON: 


identification of glycollaldehyde or of substances which give rise 
to it on decomposition. 


It is the intention of the authors to make a further investigation 
of the various products here mentioned when sufficient material 
can be prepared. 

The principal part of the expense incurred in carrying out this 
investigation has been defrayed by means of a grant kindly supplied 
by the Government Grant Committee of the Royal Society. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. 


CXLVIIl.—Homologues of Furfuraldehyde. 
By Henry Jonn Horstman Fenton and Frep Rosinson, B.A., B.Sc. 


Ir has been shown in previous communications (Fenton and Gostling, 
Trans., 1899, 75, 423; 1901, '79, 807) that the chloro- and bromo- 
derivatives of methylfurfuraldehyde are readily obtained by the action 
of the corresponding halogen acids on keto-hexoses or on cellulose. 
The yield from these. carbohydrates is about 20 per cent. of the 
theoretical amount, whereas the aldo-hexoses give rise to mere traces 
only. The halogen atom in these compounds is extremely reactive, 
the interaction with silver nitrate, for example, being quantitative 
and practically instantaneous ; when boiled with water in presence of 
barium carbonate, they are completely hydrolysed, yielding the 
hydroxy-derivative. Finely divided metallic silver readily removes 
the halogen from the bromo-derivative, the residual groups uniting to 
form difurylethanedialdehyde. Treatment with sulphurous acid con- 
verts the halogen compounds into a substance having the molecular 
formula C,,H,O,, to which the constitution of methylfuril is pro- 
visionally assigned. This compound shows remarkable colour reactions 
with primary amines, with carbamides, and with strong bases, and 
various applications of these reactions have already been suggested 
(Proc. Camb. Phil. Soc., 1906, 13, 298). The action of malonic ester 
on the halogen derivatives in presence of alcoholic potash gives rise 
to a compound, still under investigation, which has strongly marked 
fluorescent properties ; the formation of this compound affords a very 
delicate test for the mono- and poly-hexoses, and serves to distinguish 
them from the pentoses, etc. (Joc. cit., 1907, 14, 24). 
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Investigation of the properties and relations of the various com- 
pounds here mentioned is now being continued, and in the present 
communication a brief account is given of some of the results which 
have recently been obtained. 


Application of the Friedel and Crafts Reaction. 


A mixture of chloromethylfurfuraldehyde (10 grams), anhydrous 
aluminium chloride (7 grams), and excess (25 cc.) of benzene was 
heated in a reflux apparatus for about two hours. Reaction began at 
about 40° with copious evolution of hydrogen chloride, and the tem- 
perature was regulated so as to keep the liquid in a state of gentle 
ebullition. The resulting dark, nearly opaque mixture was then 
allowed to cool, poured on to powdered ice, and submitted to steam 
distillation. The first portions of the distillate contained some of the 
product of the reaction dissolved in excess of benzene ; afterwards the 
main portion of the product passed over as an oil, which, on keeping, 
solidified to a crystalline mass. After recrystallisation several times 
from a mixture of ether and light petroleum, the product was obtained 
in large, colourless prisms, melting without decomposition at 30:'5—31°. 
The total yield was about 6 grams: 

0°1229 gave 0°3452 CO, and 0°0602 H,O. C=76°65; H=5°44. 

01917 ,, 05403 CO, ,, 0°0926 H,O. C=76'86; H=5:37. 

C,,H,,0, requires C=77°41 ; H=5°37 per cent. 

The molecular weight was determined by the cryoscopic method, 
using acetic acid and benzene as solvents : 

With benzene the results were as follows : 

0:2946, in 16°34 benzene, gave At= —0°495. M.W.=182. 

05043 ,, 16°34 —,, » At= -0°875. M.W.=176. 

01390 ,, 15°18 acetic acid, gave A¢é= —0°205. M.W.=174. 

C,,H,,0, requires M. W. = 186. 

‘he mode of formation and molecular formula of this compound 
clearly indicate that it is benzylfurfuraldehyde, the change being 
represented thus : 

C(CH,Cl):CH CH,Ph):-CH 
°<0(CHO)-CH cHo)—cx * HO 

Benzylfurfuraldehyde has a faint aromatic odour, somewhat resemb- 
ling that of nitrobenzene; it is almost insoluble in cold water, but 
dissolves readily in alcohol, benzene, ether, petroleum, or acetic acid. 

The aldehydic character is evidenced by the usual reactions ; it 
yields a silver mirror on warming with ammoniacal silver nitrate, and 
reduces Fehling’s solution only, however, on heating. Its solution in 
acetic acid yields with phenylhydrazine a milky precipitate, which 


C 
+ O,H,=0< oe 


1336 FENTON AND ROBINSON: 


settles only to an oil ; if, however, the alcoholic solution is mixed with 
phenylhydrazine in slight excess and left in a vacuum desiccator, a 
crystalline mass is obtained, which, when washed with ether and 
recrystallised from a mixture of alcohol and toluene, melts at 
199—204°. 

The phenylbenzylhydrazide is more easily obtained ; acetic acid solu- 
tions of phenylbenzylhydrazine and benzylfurfuraldehyde when warmed 
together yield, after a time, a white or yellow precipitate, which, after 
washing with acetic acid and ether and recrystallising from benzene 
and light petroleum, melts at 133°: 

0:2440 gave 16°6 c.c. N, at 15° and 760 mm. N=8:09. 

C,;H,.ON, requires N = 7°66 per cent. 

The oximes of benzylfurfuraldehyde are obtained in a manner 
analogous to that employed by Goldschmidt and Zanoli (Ber., 1892, 25, 
2573) in the preparation of the oximes of furfuraldehyde. 

A solution of 3:14 grams of sodium hydroxide in 20 ec. of water 
was mixed with 1:1 grams of hydroxylamine hydrochloride in 5 c.c. of 
water, and to the well-cooled mixture, 2 grams of benzylfurfuraldehyde, 
dissolved in a little ether, were gradually added. The resulting 
mixture was continuously shaken, and a stream of carbon dioxide was 
passed into it, during which process the liquid becomes yellow. 
After extraction with ether and evaporation of the ethereal solution, 
the product separates in pale yellow needles or prisms, which melt at 
96—97°; these when repeatedly crystallised from light petroleum 
become colourless and then melt at 99°. This product is practically 
insoluble in water, but dissolves easily in organic solvents : 


0°2695 gave 15°7 c.c. N, at 12° and 757 mm. N=6'95. 
C,,H,,0,.N requires N = 6°99 per cent. 

By this method of treatment Goldschmidt and Zanoli (loc. cit.) 
obtained the anti-aldoxime of furfuraldehyde ; Fromherz and Meigen, 
proceeding in the same way with methylfurfuraldehyde, obtained a 
product which was at first considered to be a mixture, but which on 
further investigation was shown in all probability to be the anti- 
aldoxime. In order to prepare methylfurfuraldehyde syn-oxime, the 
authors named treated the wnti-compound in ethereal solution with 
hydrogen chloride, and decomposed the resulting salt with 
sodium hydroxide. The benzylfurfuraldehyde compound obtained in 
the manner described above was therefore subjected to a similar treat- 
ment; on passing the gas into the colourless solution, crystals 
separated, and the liquid became pale yellow. The ethereal solution on 
evaporation deposited a mass of crystals; these were washed with a 
little ether and with water, mixed with excess of aqueous sodium 
hydroxide, and warmed for five minutes on a water-bath. The rather 
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yellow liquid so obtained, on cooling, deposited lustrous, silver- 
white prisms, which melted at 121—122° and, after recrystallisation 
from light petroleum, at 124°: 


0°2245 gave 13°7 c.c. N, at 22° and 755 mm. N=7:04. 
C,,H,,0,N requires N = 6°99 per cent. 


From analogy to the methylfurfuraldehyde compounds, there appears 
to be little doubt therefore that the two compounds here described are 
the anti- and syn-oximes respectively of benzylfurfuraldehyde. Both 
compounds when dissolved in dry ether, mixed with slight excess of 
phenylcarbimide, and kept for twenty-four hours, yield crystalline pro- 
ducts ; the properties of the derivatives appear also to be different, 
but they have not yet been thoroughly studied. 

The properties of benzylfurfuraldehyde are in many other respects 
analogous to those of methylfurfuraldehyde ; thus, when concentrated 
sulphuric acid is carefully added to a dilute solution of benzylfurfur- 
aldehyde in alcohol, a bright blue colour is developed (Maquenne’s 
reaction for methylfurfuraldehyde gives a green colour). Phloro- 
glucinol in presence of concentrated hydrochloric acid gives an orange- 
red colour ; resorcinol produces a somewhat similar effect, and with 
pyrogallol the colour is crimson; when warmed with carbamide and 
hydrochloric acid a violet colour results. Aniline acetate gives a 
yellow colour changing to red. 

The oxidation of benzylfurfuraldehyde to benzylpyromucic acid has 
been attempted in various ways; the method of oxidation by silver 
oxide in presence of sodium carbonate, which was employed by Hill in 
the preparation of methylpyromucic acid from methylfurfuraldehyde, 
yields a colourless, crystalline acid, which has a penetrating frankin- 
cense-like odour. The same product is obtained by oxidation of the 
aldehyde with alkaline potassium permanganate at 20°, according to 
the method used by Volhard in the preparation of pyromucic acid 
(Annalen, 1891, 261, 379); also, by heating the aldehyde with 
alcoholic potassium hydroxide, evaporation, extraction with ether, and 
acidification of the aqueous solution which remains. In all cases, how- 
ever, the yield is extremely poor and the purification difficult. The 
partly purified acid melted at 167—169°. The authors intend to make 
a further study of this acid, when a further supply of material is 
available, with the object of obtaining benzylfurane. 

It is evident that this synthetical method of preparing substituted 
furfuraldehydes may, if desired, be greatly extended, and the authors 
propose to make further experiments in this direction. 

When toluene and chloromethylfurfuraldehyde interact in presence 
of aluminium chloride, a product is obtained, on steam distillation, 
which solidifies to a white solid melting at 74°5°. It is nearly insoluble 

VOL. XCV. 48 


1338 FENTON AND ROBINSON 


in water, but dissolves easily in most organic solvents, and its solutions 
show aldehydic properties. From its mode of formation and properties, 
this product is presumably tolylmethylfurfuraldehyde, 
dp bas, ital ta 
C(CHO) ———-CH 


Constitution of Hydroxymethylfurfuraldehyde. 


It was shown by Dull in 1895 (Chem. Zeit., 19, 216) that inulin when 
heated with a solution of oxalic acid under pressure yields hydroxy- 
methylfurfuraldehyde as a colourless syrup. This substance was 
afterwards more thoroughly examined by Kiermayer (/oc. cit., p. 1003), 
who obtained it also from sucrose. No positive evidence was forth- 
coming to indicate the position of the hydroxy-group, but the author 
considered it probable that it occupied the B-position ; this constitution, 

CMe——C-0H 
<ciono):6H ‘ 
has since been universally accepted. 

Later it was found by Fenton and Gostling (Trans., 1899, 75, 430) 
that bromomethylfurfuraldehyde when treated with the calculated 
quantity of silver nitrate in aqueous-alcoholic solution, or when boiled 
with water in presence of barium carbonate, yields a syrup, the 
properties of which are closely analogous to those of Dull’s hydroxy- 
methylfurfuraldehyde. When oxidised with silver oxide, however, 
the bromo-derivative and the hydroxy-derivative both yield a hydroxy- 
methylpyromucic acid melting at 162-——163°, which is identical with 
that obtained by Hill and Jennings (Amer. Chem. J., 1893, 15, 
162) from the bromo-acid, and was shown to be the w-hydroxy- 
compound. From this result, and also from the extremely reactive 
character of the bromine atom in bromomethylfurfuraldehyde, there 
appears to be little doubt that the hydroxymethylfurfuraldehyde 
obtained by Fenton and Gostling is also the w-hydroxy-compound, and 
it was concluded therefore that it must differ from Dull’s product. 
This conclusion was supported by the fact that Kiermayer obtained, 
by oxidation of the latter product, a hydroxymethylpyromucic acid 
melting at 148°. Further, the phenylhydrazone obtained from this 
hydroxyaldehyde was crystalline, melting at 138°, whereas the 
corresponding product obtained from Fenton and Gostling’s compound 
appeared to be a liquid. Further investigation now shows, however, 
that the phenylhydrazone from the latter compound is also crystalline, 
and that the melting point is the same. 

There still remains the fact that the hydroxymethylpyromucic acids 
derived from the two products appear to be different, and some further 
evidence is therefore desirable in order to clear up the discrepancy, 
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especially since the two modes of formation of the hydroxy-aldehyde 
are so closely allied. 

The present authors have now obtained a result which affords a 
fairly conclusive proof of the correctness of the formula previously 
assigned to chloro- and bromo-methylfurfuraldehyde, and consequently 
to the hydroxy-compound which these compounds yield on hydrolysis. 
When the chloro-derivative is warmed with excess of nitric acid 
(D about 1°3), a violent action ensues, and the resulting liquid, on 
evaporation, yields a white, crystalline mass. This product, which is 
free from chlorine, is very sparingly soluble in cold water, but 
dissolves easily in boiling water; it crystallises from the latter in 
needles or prisms, which partly sublime when heated, and show no 
signs of melting at the boiling point of concentrated sulphuric acid : 

0°1005 gave 0°1697 CO, and 0°0258 H,O. C=46°05; H=2°85. 

C,H,0, requires C= 46:15 ; H = 2°57 per cent. 

The properties of this product agree entirely with those of furan- 
2 :5-dicarboxylic acid (dehydromucic acid) ; ferric chloride, for example, 
gives the well-known characteristic reaction ; an aqueous solution of 
the acid is mixed with a few drops of the reagent and warmed, when 
a transparent jelly separates. 

This result then clearly indicates that the halogen must have occu- 
pied the w-position, and is altogether irreconcilable with the formula 
suggested for Dull’s compound. 

The authors consider that, on the whole, the balance of evidence 
strongly favours the view that the two hydroxymethylfurfuraldehydes 
mentioned are identical, and that the position commonly assigned to 
the hydroxyl group in Dull’s compound is incorrect. 


Preparation of Chloromethyl/urfuraldehyde. 


Many attempts have been made to improve on the methods pre- 
viously given for the preparation of the halogen derivatives of 
methylfurfuraldehyde. Although the yield obtained by these methods 
is good, the process of extraction is very troublesome when levulose or 
sucrose is used, owing to the presence of tarry “ humus” substances, 
and also to the large excess of acid which is necessarily present. The 
preparation from cellulose avoids these difficulties to some extent, but 
in this case the operation has to be performed under pressure, and is 
attended with some danger. Although no substantial improvement 
has been effected in the preparation of the products on a fairly large 
scale, the following simple process is found to be very rapid and con- 
venient when only small quantities are required, since it permits the 
use of aqueous acids. 

Levulose is mixed with about twice its weight of solid calcium 
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chloride, and the mixture is made into a thin paste by stirring it with 
concentrated aqueous hydrochloric acid. It is then warmed for a few 
minutes on a water-bath with constant stirring, until the whole mass 
is dark brown or nearly black, and is suddenly cooled before actual 
charring takes place. The excess of acid is then removed by careful 
addition of solid sodium carbonate, and the mixture is extracted with 
chloroform. On distilling off the chloroform, the chloromethylfurfur- 
aldehyde remains as a syrup, which, when well cooled and rubbed with 
a rod, often sets to a crystalline mass, In most cases, however, it is 
best to purify the product by recrystallisation from hot petroleum, and 
to promote crystallisation by contact with a trace of the compound 
which has been previously prepared. 

The bromo-compound can be prepared in a similar way, using 
calcium bromide, or even potassium bromide, and concentrated 
aqueous hydrogen bromide. 

An attempt to obtain the fluoro-compound in this way, using 
potassium hydrogen fluoride and hydrofluoric acid, has not so far been 
successful. If calcium chloride and hydrofluoric acid are used, the 
chloro-compound only results. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE, 


CXLIX.—Studies of Dynamic Isomerism. Part IX. 
The Relationship between Absorption Spectra and 
Isomeric Change. Absorption Spectra of Sulphonie 
Derwatives of Camphor. 


By Tuomas Martin Lowry and Cecit Henry Descu. 


In a recent paper on the ‘‘ Absorption Spectra of the Halogen, Nitro- 
and Methyl Derivatives of Camphor” (this vol., p. 807) it was shown 
that the isomeric changes which several of these substances undergo 
are not directly associated with the presence or absence of bands in 
their absorption spectra. Thus, to quote the two most striking cases, 
nitrocamphor, which changes readily in neutral and in alkaline solu- 
tions, produces an absorption band only under the latter conditions, 
but a-bromocamphor, which undergoes isomeric change only in presence 
of alkalis, gives a strong absorption band in acid, neutral, and alkaline 
solutions indifferently. 

The investigation of the isomeric changes of the sulphonic deriva- 
tives (Trans, 1906, 89, 1042) had presented several points of interest— 
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especially in reference to the interaction of the carbonyl group of the 
camphor molecule with the sulphonic group of the Reychler or B-series 
of compounds—and it was thought desirable to study their absorption 
spectra in order to corroborate and extend the conclusions arrived at 
from the study of the simpler compounds described in the previous 
paper. Observations were therefore made with representatives both 
of the z- and of the B-series of sulphonic compounds. 

In accordance with the scheme described in the earlier paper, the 
absorption spectra were photographed in such a way that each 
exposure represented a change of thickness in the ratio 1:26 to 1, an 
alteration in the ratio 10 to 1 being thus accomplished by means of 
ten equal geometric intervals. This interval, 1/10 or antilog. 0°1, 
forms a very convenient unit for measuring the persistence of a band, 
and is made use of throughout the present paper. 


a-Sulphonic Derivatives of Camphor. 


Three members of the series were examined (Fig. 1) : 
(a) Ammonium a-Bromocamphor-z-sulphonate, 
NH,0'S0,-0,H,,<1, 

—This compound is capable of existing in stereoisomeric a- and 
a’-forms, but does not undergo isomeric change when alkali is added 
(Trans., 1906, 89, 1043), probably because the potash merely dis- 
places ammonia from the salt, and this base is not sufficiently strong 
to cause enolisation in the *CHBr:CO- complex. In spite of its 
resistance to isomeric change, extending to alkaline as well as to 
neutral solutions, the salt shows a strong band persisting over five 
exposures in V/100-solution, as compared with four exposures for the 
parent substance, a-bromocamphor. 


H 
(b) a-Bromocamphor-x-sulphonamide, NH 1'80,-0H <i 0 wa? is, like 


the preceding compound, stable in neutral solutions, but differs from it 
in that it undergoes isomeric change to the extent of 15 per cent. 
when a trace of sodium ethoxide is added to the alcoholic solution (oc. 
cit.,p. 1044). The addition of alkali is not necessary, however, for the 
development of an absorption band, which appears with a persistence 
of four exposures in the neutral alcoholic solutions. 


(c) The acetyl derivative, CH,-CO-N H-$0,CHy<le or perhaps 


CBr 
‘SO,"C, Hu 
i inte Da s<G.0-C0-CH, 
undergo isomeric change either alone or on the addition of a trace of 
alkali; its alcoholic solution shows, however, an absorption band per- 


, of the preceding compound does not 
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sisting over five exposures. As its spectrum is almost identical with 
that of the amide, it is probable that it is correctly represented by the 
former rather than by the latter formula, and that its failure to 
undergo isomeric change on the addition of a trace of sodium ethoxide 
is due to the elimination of the alkali in the form of sodium acetate, 
rather than to the removal of the mobile hydrogen atom by fixing in 
the enolic form as shown in the second formula, 


B-Sulphonic Acids and their Salts. 


The potassium salts, KO-80,OH<ie of a-bromocamphor- 


and a-chlorocamphor-B-sulphonic acids are stable in neutral solutions, 
but undergo stereoisomeric change on the addition of alkali (Trans., 
1906, 89, 1045). The absorption spectra show well marked bands, 
but these are actually weakened and not strengthened by the addition 
of an excess of alkali. Thus the chlorocamphor band at 1/d 3400, 
which has a persistence of four exposures in the parent substance, is 
intensified to a persistence of nine exposures by the introduction of 
the -SO,,OK group, but falls back to seven exposures when two 
additional equivalents of alkali are added to the V/100-aqueous 
solution (Fig. 2). 


CH 
Camphor-B-sulphonic acid, HO*SO,*C,H,.< dbo 2 although unable, in 


the absence of an a-substituent, to undergo stereoisomeric change, 
behaves otherwise in the same way as the a-chloro-compound. As in 
the preceding case, the introduction of the sulphonic group causes an 
intensification of the band from a persistence of three exposures in 
camphor to six exposures in the f-sulphonic acid and its sodium salt, 
but the addition of two further equivalents of alkali reduces the 
persistence again to four exposures only. 

A similar repression of the band from eight to six units of persistence 
by the addition of two equivalents of alkali was noticed in the case of 
NV/100-aqueous solutions of ammonium a-chloro-z-sulphonate, and the 
phenomenon appears therefore to be a general one in this group of 
compounds, 

B-Sulphonamides and Anhydramides. 


The amides and anhydramides are the most interesting of the 
B-sulphonic compounds, owing to the evidence which they afford of the 
special contiguity of the -position to the x-position occupied by the 
‘CO: group in camphor. The conversion of the amides into anhydr- 
amides by the elimination of a molecule of water is not readily 
effected by dehydrating agents, but is quickly brought about by 
acids (Trans., 1902, 81, 1448), or in the case of the parent 
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sulphonamide by minute traces of sodium ethoxide (Trans., 1906, 89, 
1046). In the case of the a-bromo- and a-chloro-sulphonamides the 
C,H. — f C,H); “en 

CO C C 
SO,"NH, SO, NH 
addition of alkali brings about a partial conversion into the stereo- 
isomeric a’-compounds, and a similar change of smaller magnitude is 
effected in the anhydramides, probably as in other instances, through 
the intervention of an “enolic” (sulpholactam) isomeride as 
formulated above. In contrast to the mono-halogen derivatives, the 
anhydramides of the aa’-dichloro- and dibromo-sulphonic acids can 
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Fig, 3.—Camphor-B-anhydramide and the B-sulphonamides of camphor, a-methyl- 
camphor, and a-chlorocamphor ; N/100 solutions in alcohol. 
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only exist in one form, and do not undergo isomeric change whether 
alone or in presence of alkali. 

The spectra of this series of compounds proved to be of special 
interest owing to the steady disappearance of the power to produce 
absorption bands on passing from bromo- to chloro- and to methyl 
derivatives, and finally to derivatives of camphor itself (Fig. 3). This 
is well brought out in the following table. 


Methyl- Chloro- Bromo- 
Camphor. camphor, camphor. camphor. 
Band Band Band Band 
No band No band a as 
Anhydramides . ss e No band ©) 
Disubstituted 
anhydramides — — No band 
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From this table it appears that the absorption band which is 
developed by all the salts and by the sulphonamides of a-chloro- and 
a-bromo-camphor can be eliminated quite as effectively by displacing the 
halogen atom of the sulphonamides by methyl or by hydrogen, as by 
the more usual process of displacing the remaining hydrogen by a 
second halogen atom. In the case of the amides the disappearance of 
the absorption band might be attributed to an internal condensation 
of the sulphonamide, which would give rise to a completely saturated 
molecule : 

OF 
| C-OH. 
$0,—NH 

This explanation cannot, however, be given in the case of the 
anhydramides, which must all be formulated as : 


6 ae we 
C | Cc . 
$0,——N $0,—NH 

Of the six anhydramides examined, the dichloro- and dibromo- 
compounds on the one hand and the camphoranhydramide on the 
other show no band; of the mono-substituted anhydramides the a-bromo- 
compound gives a band, but the a-chioro- and a-methyl compounds 
give rise only to general absorption. 

These observations appear to indicate that the development of a band 
is influenced to a very large extent by substitution, but in a way that 
bears no direct relationship to the occurrence or even to the theoretical 
possibility of isomeric change. 


Anilides of B-Sulphonie Acids. 


The anilides of this series possess the curious property of dissolving 
in alkalis, possibly owing to the formation of a ring compound, for 
example : 


CHB ay -CHBr 
4 CyAy 3 I 


C.H,. 
° bo _ -ONa 
S0,-NH-C,H, $O,——N-C,H, 

The absorption curves for the alkaline solutions are characterised 
by the presence of a band in the far ultra-violet at 1/A 4000. This 
band, which was observed in the case of camphor-8-sulphonanilide, 
camphor--sulpho-p-bromoanilide, a-bromocamphor-f-sulphonanilide, 
and a-bromocamphor-{-sulpho-p-bromoanilide, is of great intensity, 
persisting to a thickness of a few millimetres only of V/10,000 solution, 
but does not appear in the neutral solutions, which are one hundred 
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times less absorbent. It resembles somewhat closely one of the bands 
noted by Baly and Collie (Trans., 1905, 8'7, 1342) in the spectrum of 
dimethylaniline, and is identical in position with a band which they 
observed (at a thickness of solution 400 times greater) in the spectrum 
of aniline hydrochloride. It will probably be correct to refer this band 
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Fig. 4.—(1) Camphor-8-sulphonanilide in neutral N/100 
solution and (2) in N/10,000 solution with N/1000 NaOEt. 


(3) a-Bromocamphor-B-sulpho-p-bromoanilide in N/10,000 
solution with N/1000 NaOEt. 


to the :N°C,H, group, although it is not easy to say to what its 
exceptional intensity is due. 

The neutral solutions, which give complete transmission at a 
concentration of 4/100, are also characterised by the presence 
of absorption bands. Thus a neutral solution of camphor- 
8-sulphonanilide, 

CH, 
C,H, NH-80,°C,H3< 45 5 
shows a band at 1/A 3700 at a thickness of 3 mm. of 1/100 solution, 
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that is, at a concentration 100 times greater than that at which a 
band appears in presence of alkalis; we are at present unable to offer 
any opinion as to its significance, 


Piperidides of B-Sulphonic Acids. 


Camphor--sulphonic acid is characterised by the formation of two 
isomeric piperidides melting at 56° and at 140°, which have been 
formulated as : 

Oh: ee On i 
CO and C-NC,H,,. 
S0,-NO,H,, s0,—O 

The a-bromo-compound also exists in two distinct forms melting at 
75° and 123°, each of which exhibits a change of solubility on the 
addition of alkali, and must therefore be capable of undergoing 
reversible isomeric change (Trans., 1906, 89, 1051). These isomeric 
compounds are not easy to prepare,* and up to the present we have ex- 
amined only the absorption spectra of the camphorsulphopiperidide 
(piperidolactone) melting at 140° and the bromocamphorsulpho- 
piperidide melting at 75°. The former compound shows no selective 
absorption, but the latter compound gives the bromocamphor band at 
1/A 3350 with a persistence of four exposures, These observations are 
in accord with the formule that have been assigned to the two 
compounds, but in view of the somewhat slender evidence on which 
these formule are based, we do not feel justified in drawing any 
theoretical deductions from the presence or absence of bands in the 
spectra. 


We are indebted to the Research Fund of the Chemical Society for 
a grant which defrayed a portion of the cost of this investigation, and 
desire to take this opportunity of expressing our thanks. 


130, HorseFErrRY Roan, THE UNIVERSITY, 
WESTMINSTER. GLASGOW. 


* The camphorsulphopiperidide of lower melting point can be obtained in a crys- 
talline form by slow evaporation of the solvent, but as it liquefies again on the 
addition of alcohol or petroleum, it is very difficult to purify. Attempts to prepare 
further quantities of the bromopiperidides have given rise to a new product melting 
at 86°, the nature of which is under investigation. 
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CL.—Studies of the Carbonates. Part I. The Equi- 
librium between Calcium Carbonate and Carbonic 


Acid. 
By CiarENcE ARTHUR SEYLER and Percy Vivian Luoyp. 


THE object of this investigation was to study the equilibrium between 
calcium carbonate and carbonic acid under conditions applicable to 
geological problems. Schléssing’s results have been examined by 
Bodlinder (Zettsch. physikal. Chem., 1900, 35, 32), who has shown how 
the law observed by Schléssing may be deduced from first principles. 
Natural waters, however, contain salts which modify the equilibrium, 
and we have therefore studied their effect. 


Method of Experiment. 


The solid carbonate, reduced to a coarse powder, was kept with 
occasional shaking in contact with the solution of carbonic acid and 
the various salts contained in stoppered bottles completely filled. The 
temperature was that of the laboratory. Several weeks were required 
for the attainment of equilibrium. The dissolved carbonate was then 
titrated with /20-acid, using methyl-orange as indicator, and the 
free carbonic acid determined by titration with V/20-sodium carbonate 
and phenolphthalein as indicator, using the precautions described by 
Seyler (Analyst, 1897, 22, 312). This method is rapid, and has 
been shown by Ellms and Beneker (./. Amer. Chem. Soc., 1901, 23, 
405) to be more accurate than the original Pettenkofer method or 
Trillich’s modification of it, and to be trustworthy to about 0°02 x 10~% 
gram-molecule per litre. This mode of experiment has the advantage 
over Schléssing’s, in which a current of carbon dioxide of known 
partial pressure is used, since the carbonic acid is directly determined, 
and the temperature does not require to be kept more than approxi- 
mately constant. 


Equations Governing Equilibrium in Absence of Salts. 


We use Bodlinder’s symbols as follows : 

HCO,, Ca, etc., in equilibrium equations stand for the concentration 
of the respective substances in gram-molecules or ions per litre. 

k, is the dissociation constant of carbonic acid according to the 
scheme H,CO, = H + CO,. 

k, is the dissociation constant of bicarbonates according to the 
scheme HCO, = H + CO,. 
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k, is the, “solubility product” of calcium carbonate, namely, 
k, = Ca°CO,. 


kw is the dissociation constant of water. 


The ratio ky is the dissociation constant of bicarbonates into 


8 
carbonates and free carbonic acid according to the scheme 2HCO,= 


CO, + H,CO,. 
The condition of equilibrium for this is: 
HCO,? ky 
CL eee (> 
H,CO,°CO, ke, 
Since CaCO, =k,, we have : 


(0). 


This is the fundamental equation. If no other lime salts or 
bicarbonates be present except those due to the dissolved limestone, 
practically the whole of the calcium will exist in solution as bicar- 
bonate, since CO, is always very small. The concentration of the 
calcium ions (Ca) will always be half that of the bicarbanions 
(HCO,), since there are two of the latter for each one of calcium. 
Hence we have the concentrations Ca= — 


Therefore substituting in equation (6) we have: 
(c). 
This is Schlissing’s law as deduced by Bodliinder. The values of 


the constants ., and k, are open to discussion, and for the present we 
3 


shall put an, = Fx 10~°, where /’should be constant. We call it the 
3 


“ saturation factor,” since it is a criterion as to whether a water is 
saturated with limestone or not. We have calculated its value from 
Schléssing’s experiments in which the temperature was 16°, corre- 
sponding with a molecular solubility of carbonic acid of 43:5 x 107° 
gram-molecules per litre. It decreases from about 137 for V/50- to 
about 107 for V/600-solutions (with respect to calcium), the mean 
being 124. 

Experiments were first made on marble and pure limestone with 
solutions of carbonic acid in order to test our method of working, and 
the results are given in table I. 
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TABLE I, 
Time 
Solid. (days). HCO, x 10%. 2Ca x 10%. Ionisation. HCO;x 10°, F. 
Marble 2°687 7°41 0°88 6°52 103°1 
3°62 8°29 0°88 7°29 107°0 
10°00 12°08 0°87 10°51 116°1 
11°40 13°14 0°86 11°30 126°5 


The average value of Fis 113, and the results show a decrease in 
dilute solutions, as in Schléssing’s experiments. 


Effect of Other Calcium Sults. 


The general equation (6) should hold good, Ca being the total 

concentration of the calcium ions. We shall have: 
H1O0,*-200 _ 7 19-6, 
H,CO, 

The presence of other calcium salts will therefore diminish the 
solvent action of water containing carbonic acid upon limestone. 

Caleitum Chloride.—The solution of this salt was V/80, that is, it 
contained 125x107? gram-equivalents per litre. The degree of 
dissociation of calcium bicarbonate is assumed to be the same as that 
of calcium chloride. 


Tas.eE II. 


Calcium as Calcium Total 
bicarbonate as calcium, 
Time. HgCO3 x10%. = =108. TIonisation. HCO; x 103, chloride. Ionisation. Ions. 2Ca. 


12 0°95 6'13 0°845 5°18 12°5 0°845 10°56 15°74 107 


Calcium Sulphate-—The concentration of this salt was from 
2382 x 10-%, corresponding with about 84 degrees of permanent 
hardness on Clark’s scale, to 12°5 x 107%, or 44 degrees of hardness, 
The degree of dissociation was calculated approximately by dividing 
the water between the bicarbonate and sulphate in such proportions as 
to give isohydric solutions, and finding the degree of dissociation 
which each would have if dissolved in its respective volume of water.* 


* An example will make clear the method of calculating the degree of ionisation 
in the case ot mixtures. Let the solution contain 2°38 mg. equivalents of calcium 
sulphate and 6°33 of calcium bicarbonate. The ionisation was calculated from the 
conductivity as given in Landolt-Bérnstein’s tables, 3rd Ed., the ionisation of the 
bicarbonate being assumed to be the same as that of calcium chloride. Divide the 
water by trial between the two salts so that the solutions are approximately iso- 
hydric. Thus, 2°88 mg. equivalents of sulphate in 210 c.c. of water give a con- 
centration of 11°33 mg. equivalents per litre, corresponding with ionisation of 0°622 
and concentration of calcium ions 7°05 mg. equivalents per litre. The 6°33 mg. 
equivalents of bicarbonate dissolved in the rest of the water (790 c.c.) give a con- 
centration of 8°01 mg. equivalents per litre, corresponding with ionisation 0°89 and 
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Taste III. 
Calcium Total 


Ionis- as calcium, 
Time. HgCO3. (Ca/2°HCO3). ation. HCO3. CaSO4y. Ionisation. sulphate. 2Ca. F, 
43 1°04 4°89 0°91 4°45 2°382 0°642 1°53 5°98 114 
16 1°81 6°08 0°895 = "44 2°382 0°630 1°50 6°94 113 
43 2°06 6°33 0°89 5°63 2°382 0°622 1°48 7‘11 = 109 
16 3°15 7°25 0°88 6°38 2°382 0°60 1°43 781 101 
43 4°55 8°83 0°88 7°77 2°382 0°59 1°40 9°17 121 
16 6°56 9°85 0°872 8°59 2°382 0°58 1°39 9°98 112 
— 3°562 7°00 0'875 6:12 6°25 0°57 3°62 9°74 102 
—_ 4°94 7°58 0°897 6°80 12°50 0°54 6°81 13°61 127 


The average value of / is 113, the same as in the absence of 
extraneous calcium salts. 

Effect of Sodium Bicarbonate.—The same general law should hold 
good, but the solubility of the limestone should be reduced in a still 
greater measure, namely, inversely as the square of the total 
bicarbonate when the free carbonic acid is kept constant. The degree 
of dissociation of the sodium bicarbonate was assumed to be the same 
as that of calcium bicarbonate. 


TABLE LV. 


HCO; HCO3 
Tonis- as as Total 
Time. H»yCO3. (Ca/2*HCO;). ation. calcium. NaHCO 3. Ionisation. sodium. HCOs3. 
54 4°75 5°57 0°869 4°84 6°25 0°869 5°43 = 10°27 
54 4°06 3°40 0°850 2°89 12°50 0°85 10°62 13°51 


Effect of Salts Containing no Common Lon with Calcium Bicarbonate. 


The effect of sodium chloride, sodium sulphate, and magnesium 
sulphate was examined. These salts should somewhat increase the 
value of /, that is, the solvent action on calcium carbonate. This 
was found to be the case. 

TaBLeE V 
Ionis- 


Salt. Time. H,CO;. (Ca/2*HCO;). ation. HCO, F. 
NaCl: 12°5x 107% 54 3°10 8°25 0°89 7°34 127 
Na,SO,: 12°5x10-8...... 54 1875 7°32 0:90 659 152 
MgsSO,: 6°25 x 10-* 53 4°44 9°22 0°885 8°16 122 
MgSO,: 6°25 x 10- 538-256 8°12 0°89 7°23 = (147 
For ordinary fresh waters the effect of these salts on F is 
slight, but in mineral waters or sea-water it would have to be 
considered. 
Value of the Constants.—The value of k,, the “solubility product” 


concentration of calcium ions 7°13 mg. equivalents per litre. The solutions are 
therefore approximately isohydric, and the degree of ionisation will not alter on 
mixing. Therefore, the ionisation of the sulphate in the original solution is 0°622, 
and of the bicarbonate, 0°89. 


———— ee a ee ee a ae oe 
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of calcium carbonate, could be calculated if &,/k, were known. h, is 
known to be 3:°04x10-? from the experiments of Walker and 
McCormack. Bodlinder has calculated £, from the experiments of 
Shields on the hydrolysis of sodium carbonate, but McCoy (Amer. 
Chem., J., 1903, 29, 437) has pointed out that some error has crept into 
the calculations of Shields, so that Bodlinder’s value for k,, and hence 
for k,, is wrong. McCoy (loc. cit.) determined the value of k,/k, 
directly. It increases very considerably on dilution, and was found to 
be 5300 for V/10-solutions. McCoy assumes that it would become 
constant beyond this dilution, but we have found that this is not the 
case. We have extended McCoy’s determinations to higher dilutions, 
and also repeated and amplified Shields’ experiments, and prefer to 
leave the discussion of the value of &, until the publication of these 
results. In any case, the value of / should be proportional to k, for 
different forms of calcium carbonate, and should also be a function of 
the solubility of the carbonate in pure water. The “solubility 
product” cannot be inferred from the latter unless the degree of 
hydrolysis is known. 

Since k,=CaxCO,, we should, supposing no hydrolysis, have 
Ca=CO, and k, =Ca?, where Ca is the concentration of the calcium in 
a saturated solution of the carbonate in pure water. But calcium 
carbonate is undoubtedly hydrolysed to a large extent according to 
the scheme : CaCO, + 2H,O=Ca(HCO,), +Ca(OH),. Here the con- 
centration of the bicarbonate is equal to that of the hydrate, and we 
have the concentrations : 


Ca=CO,+— 


or Ca = CO, + ma 
If the percentage of hydrolysis be 100x, then HCO,=#Ca and 
=(l-a)Ca, so that k,=CaxCO,=(1-—«x)Ca*% For different 
forms of calcium carbonate, say calcite and aragonite, # will be 
practically the same, since the solubilities are not widely different. 
Let k,, Ca, and F apply to calcite, and /,', Ca’, and /” to aragonite, 
then : 


= god 


Ff _ky _Ca? p™ Ca’ _ F 
Ff k, Ca? Ca KF’ 

Whatever the actual value of &, or of the hydrolysis, the square 
roots of /’ should be proportional to the solubilities of the two forms. 
We have tested this conclusion by experiments on calcite and aragonite 
under identical conditions. 

TaBLe VI. 


lonis- 
Substance. Time. H,CO, (Ca/2*HCO,). ation. HCO,. 
Calcite 173 1°605 6°37 0°91 5°796 
i 173 1°145 6°29 0°9] 5°723 
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The ratio ”’ is 1:35, and the square root, 1°162. .According to 


Kohlrausch, the relative solubilities of aragonite and calcite are at 
18° as 15 to 13, and the ratio, 1:154. The agreement is satisfactory. 
Evidently aragonite, being the more soluble form, must gradually pass 
into calcite if both forms are present. 


Conclusions. 


(1) The equilibrium between calcium carbonate and fresh waters is 
governed by the law : 


HCO,” x Ca 
H,CO 


—' = # x 10-8, 


where F is a constant. 

(2) The mean value of / is about 113 for calcite. It is a criterion of 
the saturation of a water in contact with limestone, and may be called 
the “saturation factor” of the water. If less than 113, the water is 
not saturated, if over 113 it is supersaturated. 

(3) This law has been verified in the presence of calcium chloride, 
calcium sulphate, sodium bicarbonate, sodium chloride, sodium sulphate, 
and magnesium sulphate in quantities such as occur in natural fresh 
waters. For mineral or sea-waters the factor would be increased. 

(4) The law may be stated in familiar terms as follows, the hard- 
ness referred to being that produced by lime salts, and correction for 
ionisation being supposed. In general, when a water is in equilibrium 
with the limestone through which it percolates : 

(a) The square of the alkalinity is directly as the free carbonic acid 
and inversely as the total hardness. 

If there is no alkalinity or hardness except that due to the 
dissolved limestone, then : 

(6) The cube of the temporary hardness (dissolved limestone) is 
directly as the free carbonic acid. 

If permanent hardness (due to lime) is present, then : 

(c) The square of the temporary hardness (dissolved limestone) is 
directly as the free carbonic acid and inversely as the total hardness. 

If permanent hardness is absent and other bicarbonates are present, 
then : 

(d) The hardness (dissolved limestone) is directly as the free 
carbonic acid and inversely as the square of the alkalinity. 

(5) The constant / is proportional to the “solubility product” of 
the solid calcium carbonate, and to the square of the solubility in pure 
water in the case of calcite and aragonite. 

Pusiic ANALYs1’s OFFICE, 
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DOUBLE AND TRIPLE FERROCYANIDES. 


CLI.—Double and Triple Ferrocyanides of Magnesium, 
Aluminium, and Cerium with Potassium and 
Ammonium. 


By Frepreric Witi1Am Roprnson. 


THE object of this work was to ascertain which metals form double 
ferrocyanides with potassium, the nature, composition, and properties 
of these salts, and the effect of the presence of ammonium salts on 
their formation and composition. Further, in the case of triple salts, 
to determine whether they are definite salts, or whether the composition 
varies with the conditions under which they are prepared. 

It has already been shown that, in the case of the double ferro- 
cyanides of calcium, the presence of ammonium salts causes the 
precipitated salts to contain ammonium, but not in definite quantity 
(Campbell Brown, Trans., 1907, 91, 1826), and the metals strontium 
and barium (Campbell Brown, loc. cit.), zinc and cadmium (Miller, 
J. Amer. Chem. Soc., 1902, 24, 226, 823; 1904, 26, 952), and 
thallium (T. Fischer and Benzian, Chem. Zeit., 1902, 26, 49) have 
also been previously investigated. 


Preparation of Potassium Magnesium Ferrocyanide. 


Equivalent quantities of cold concentrated solutions of potassium 
ferrocyanide and magnesium chloride were mixed. After a short time 
a white, microcrystalline precipitate was formed, which was collected, 
washed with cold water, and dried in a desiccator. Under the micro- 
scope the crystals were seen to consist of square plates, and these 
were not altered by drying or by heating to 120°. 

The air-dried salt, after being heated for five hours at 105°, and 
then at 120° for two hours, lost no weight. The salt as precipitated 
is therefore anhydrous. When pure it is white, but, unless quite dry, 
soon becomes cream-coloured, owing, probably, to the action of 
atmospheric carbon dioxide. Gigli, in 1898 (Chem. Zeit., 22, 866), 
showed that carbon dioxide decomposes aqueous solutions of ferro- 
cyanides. 

Solubility. A. saturated aqueous solution of the salt contains 
1:95 grams per litre at 17°. 

Analysis.—The method of analysis adopted was the same as that 
employed by Campbell Brown for the analysis of potassium calcium 
ferrocyanide (loc. cit.), namely, by treatment with lead chloride and 
estimating the magnesium and potassium in the filtrate from the lead 
ferrocyanide : 

VOL. XCV. 4 T 
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Found, Mg=7°72; K = 24°45. 
K,MgFeC,N, requires Mg=7°64 ; K = 24°84 per cent. 


Preparation of Ammonium Magnesium Ferrocyanide. 


Ammonium ferrocyanide was mixed with a concentrated solution of 
magnesium chloride in equivalent proportion. Small, white crystals 
were obtained, having the same form as the potassium salt. The salt 
lost no water at 105° or 120°. 

Solubility.—A. saturated aqueous solution of the salt contains 
2°48 grams per litre at 17°. 

Analysis gave the following results : 

Found, Mg=8°68 ; NH, = 13:06. 

(NH,),MgFeC, N, requires Mg=8'92; NH, =13°20 per cent. 


Preparation of Triple Salts under Varying Conditions. 


Precipitates were formed by mixing potassium ferrocyanide, 
magnesium chloride, and ammonium chloride in the proportions shown 
in the accompanying table. 

The precipitated salt was in each case collected, washed with cold 
water, acetone, and ether, and kept in a desiccator. 

The percentages of ammonium in these salts were determined. It 
was found that the proportion of ammonium to potassium in the 
precipitate varies with the amount of ammonium chloride present at 
the time of precipitation, but is not in the simple ratio of NH,:K in 
the solution. When the proportion NH,:K in the solution is less 
than about 1‘7:1, the proportion NH,:K in the precipitate is less 
than in the solution, but as this ratio approaches 2:1, the proportion 
of ammonium in the precipitate becomes greater than in the 
solution. 


Table Showing Influence of Varying Proportions of Ammonium and 
Potassium on Composition of Salis. 


Ratio —_ Percentage Percentage 
NH,:K NH,:NH,+K NH,:NH,+K 
Mols. Mols. Mols. in initial in in initial 
Salt. MgCl,. K,FeC,;N,;. NH,Cl. solution. precipitate. solution. 
1 : 13°9 20°0 


2 : 25°4 33°3 

4 : 45°3 50°0 

8 $ 68°1 66°6 
20 $ 86°2 83°3 
20 - 87°0 83°3 

6°8 7? 63°1 63°0 
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As the time of precipitation might influence the composition of the 
precipitate, the salt C was collected fractionally. The solutions of 
potassium ferrocyanide and ammonium chloride were well mixed, and 
the magnesium chloride solution then added, the mixture being 
quickly stirred and kept for fifteen minutes. The precipitate was 
collected, and the filtrate kept for an hour, when the bulk of the 
precipitate had formed. After collecting this, the solution was kept 
overnight, when a further quantity of salt was precipitated. The 
fractions were called C,, C,, and C,. 

As it was possible that these fractions were not equally soluble in 
water, they were washed with a mixture of equal parts of acetone and 
water, then with pure acetone, and finally with ether.* 

The ammonium in these fractions was estimated, with the following 
results : 

C,, NH, = 4°63, equal to 38°9 per cent. of (NH,),.MgFeC,N,. 

C,, NH, = 4°65, * 39°1 ” ” 

C,, NH, = 4°83, ~ 40-6 ‘s 0» 

When a large excess of ammonium chloride is present in the 
solution from which the salt is precipitated, ammonium begins to 
displace magnesium before it has displaced all the potassium. The salt 
E gave Mg =8°65, NH,=11°41, and K =3°47 per cent., corresponding 
with 46°8 per cent. of Mg,FeC,N,, 45°0 per cent. of (NH,),FeC,N,, 
and 8°2 per cent. of K,FeC,N,. 

Salt /’, prepared from the same proportions of ammonium chloride 
and potassium ferrocyanide, but with one-half the proportion of 
magnesium chloride as compared with /, gave Mg=8-60, NH,=11°52, 
and K=3-:34 per cent., corresponding with 46°5 per cent. of 
Mg,FeC,N,, 45:4 per cent. of (NH,),FeC,N,, and 8°1 per cent. of 
K,FeC,N,. 

Aluminium Salis. 


Wyrouboff (Ann. Chim. Phys., 1879, [v], 18, 446) described the 
preparation of aluminium ferrocyanide by mixing cold concentrated 
solutions of potassium ferrocyanide and alum, to which he assigned 
the formula Al,(FeC,N,),,17H,0. 

In order that the salt may be precipitated in a filterable form, it is 
necessary that a large quantity of electrolyte be present; the 
probability is that Wyrouboff prepared the salt in presence of excess 
of alum. Had he not done so he: would have obtained a double salt, 
KAIFeC,N,,2H,O, similar to the double salts which have been 
investigated by the present author. 


* These salts are insoluble in a mixture of acetone and water, and in the time 
taken to filter off, the mixture does not precipitate any salts from the mother liquor, 
although it does so after some minutes. 


47323 
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Preparation of Potassium Aluminium Ferrocyanide. 


V/2-Aqueous solutions of pure aluminium chloride and potassium 
ferrocyanide were mixed in molecular proportions, and, on keeping, the 
whole set to a stiff jelly. The preparation was therefore repeated, 
using W/4- and .V/8-solutions, and in each case a similar result was 
obtained ; the jelly did not settle, and passed easily through a filter 
paper, Other methods of precipitation were therefore tried. ‘The 
double ammonium salt prepared in the same way was found to be a 
similar jelly. With the aid of a microscope, it was just possible to 
perceive the granular nature of the jelly. 

The action of coagulants on the jelly was tried, but heat had no 
effect on it, and alcohol, acetone, ether, or other organic liquids did not 
flocculate it even on boiling. 

The salts were also precipitated in presence of ions of high valency, 
alike positive and negative, but flocculation was not effected with either 
platinum tetrachloride or ammonium hydrogen phosphate. 

When the potassium salt was prepared in presence of a large 
quantity of potassium chloride, it settled on standing, and could be 
filtered off by the aid of a pump. As, however, it was desirable to 
isolate the salts precipitated in presence of an amount of potassium 
or ammonium equivalent only to that required for the formation of 
the salt KA] FeC,N,, other methods were tried, and finally two were 
successfully employed. 

Method [.—By means of a porous porcelain flask immersed in the 
jelly, the inside of the flask being connected to a filter pump, the salt 
could be slowly filtered off, and washed successively with water, alcohol, 
and ether. The dried salts are dark green in transparent masses, and 
when powdered are light bluish-green. 

Method II.—Yhe jelly was centrifugated at 3000 revolutions per 
minute, when the precipitate collected at the bottom of the tubes, 
leaving a clear liquid above, but the precipitate on suspension in 
distilled water did not settle again when centrifugated, so that 
it was impossible to wash the sali with water. It was therefore 
centrifugated after suspension in N-aqueous potassium thiocyanate, 
from which it readily settled, and again after suspension in 
acetone.* 

Potassium thiocyanate is soluble in acetone, and the solution 
does not decompose the salt. After centrifugating with acetone, 
the salt was collected, washed with acetone and then ether, and dried 
in a vacuum, 


* The suspension of the jelly in acetone is effected by rubbing in a mortar, but is 
a rather tedious operation. 
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Analysis.—A known weight of the salt was fused with potassium 
hydrogen sulphate, and the cooled product was dissolved in water, 
oxidised by nitric acid, and the mixed hydroxides of iron and aluminium 
precipitated by ammonia, calcined, and weighed. Iron was estimated 
volumetrically in the product of a separate fusion. 

Analysis shows that the potassium salts isolated by centrifugation 
(I) and filtration (II) possess the same composition: 


Found, (I) Fe= 15°36 ; Al=7-95. 
(II) Fe=15°5 ; Al=7°97. 
KAIFeC,N,,4H,O requires Fe=16°0 ; Al=7-‘72 per cent. 
As indicated, the salts contain 4 molecules of water; this is lost at 
100°. 
The ammonium aluminium salt was also analysed : 
Found, NH, = 5:22. 
NH,AIFeC,N,,4H,O requires NH,= 5-47 per cent. 


These salts therefore possess the composition: RAIFeC,N,,4H,0, 
where R is the alkali metal. 


When anhydrous they have a deep blue colour, resembling that of 
Prussian-blue. 

As the salts prepared in the presence of a large quantity of 
electrolyte could be readily filtered, the double salts were prepared by 
mixing concentrated solutions containing the molecular proportions of 
potassium ferrocyanide, aluminium chloride, and ammonium chloride 
indicated below, and the precipitates were washed with a mixture of 
equal parts of acetone and water, then with acetone, and finally with 


K,FeC,N,. AIC]. NA,Cl. KCl. 
1 1 ae 20 
1 1 4 sind 
1 1 12 —_ 


In the case of the potassium salt A, prepared in the presence of a 
large excess of potassium chloride, it was found that some of the 
aluminium had been displaced by potassium, the amount of aluminium 
found being only 6:20 per cent., approaching the value for 

(K,Al),(FeC,N,),,20H.0, 
which requires Al=5°8 per cent. 

The triple salts, or mixed double salts, exhibit very similar 
phenomena to those observed in the case of the corresponding mag- 
nesium salts, as is shown by the following table. 

Percentage Percentage 
NH,:Kin NH,:NH,+Kin NH,:NH,+K 
initia! solution. initial solution. in salt. 


50 47°5 
75 70°4 
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These results point to the fact that, as in the case of magnesium, 
the ammonium double salt is more soluble in water than that of 
potassium. 


T* allium. 


Attempts were made to prepare a double ferrocyanide of thallium 
and potassium of the formula K,TlFeC,N,, but without success, the 
salt Tl,FeC,N,,2H,O always resulting. This salt was first prepared 
by Kuhlmann (Compt. rend., 1862, 55, 607), who found that it was 
soluble in excess of potassium ferrocyanide, but he did not analyse it. 

Lamy and Descloizeaux (Compt. rend., 1868, 66, 1146) prepared the 
same salt, and assigned to it the formula T],FeC,N,,2HO. They found 
that it loses water at 100°. The salt has been found to crystallise in 
well-defined, yellow, quadratic pyramids, sparingly soluble in cold, but 
readily so in hot, water. It is stable in'air, but loses its water of 
crystallisation on keeping over calcium chloride. A cold saturated 
solution of this salt ina ./2-solution of potassium ferrocyanide was 
prepared and allowed to evaporate isothermally over sulphuric acid, 
when only the original salt, T],FeC,N,,2H,O, was deposited. 

Fischer and Benzian (loc. cit.) have also tried without success to 
prepare this double salt, but obtained one of the composition 
K,FeC,N,,K,TlFeC,N,,6H,0. 


Cerium. 
Preparation of Potassium Cerium Ferrocyanide. 


Equivalent quantities of cold concentrated solutions of potassium 
ferrocyanide and pure cerium chloride (Kahlbaum’s) were mixed, when 
a white salt was precipitated. This was collected, washed with water, 
and dried in the air. Under the microscope it appeared to be crystal- 
line, but the shape of the crystals could not be determined. 

When heated at 100° and finally at 120°, the salt lost no weight, 
and is therefore anhydrous. 

Analysis.—A known weight of the cerium salt was fused with 
potassium hydrogen sulphate, the mass being then cooled and extracted 
with dilute hydrochloric acid. A small quantity of nitric acid was 
then added to oxidise ferrous salts, and, after cooling, the solution was 
rendered nearly neutral with ammonia and the cerium precipitated as 
oxalate by ammonium oxalate. The precipitate was collected, dried, 
ignited, and weighed as CeO, : 

Found, Ce = 35°6. 

KCeFeC,N, requires Ce = 35°8 per cent. 

The salt is therefore analogous to the potassium aluminium ferro- 

cyanide already described. 
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Sodium and ammonium cerium ferrocyanides were also prepared, and 
were found to possess compositions analogous to that of the potassium 
cerium salt. 

Sodium cerium ferrocyanide : Found, Ce = 36'9. 

NaCeFeC,N, requires Ce = 37:3 per cent. 

Ammonium cerium ferrocyanide : Found, Ce = 38°4. 

NH,CeFeC,N, requires Ce = 379 per cent. 


Influence of the Presence of Ammonium Chloride on the Composition of 
the Precipitated Salt. 


Precipitates were formed by mixing potassium ferrocyanide, cerium 
chloride, and ammonium chloride in the proportions shown in the 
accompanying table. The precipitated salt was in each case washed 
with a mixture of acetone and water, then with acetone, and finally 
with ether, and was kept in a desiccator. 

The percentages of ammonium in these salts were determined, and 
were found to vary with the proportion NH,:K in the original solu- 
tion, but were not strictly proportional to it. 

NH, : K Percentage Percentage 


ratio NH,:NH,+K NH,:NH,+K 
Mols. Mols. Mols. in initial in in initial 


Salt. CeCl,, K,FeCgN,. NH,Cl. solution. _ precipitate. solution. 


1 2 i ee 25°54 33°3 
1 4 Es2 41°82 50°06 
1 8 ee | 56°24 66°6 
10 10 Ls4 14°48 20°0 
When the proportion of cerium to the alkali metals is small, as in 
the salts C and D, the same behaviour is observed as with magnesium 
and aluminium, namely, that the cerium is displaced by the alkali 
metals, tending to form the salt (R,Ce),(FeC,N,);, R being the alkali 
metal : 
Salt C contains Ce = 33-2, and Salt D, Ce =29°6. 
KCeFeC,N, requires Ce = 35°8 per cent. 
(K,Ce),(FeC,N,), 4, Ce=29°0 ” 
It is seen, therefore, that the triple salts are really mixtures of 
double salts. 


My best thanks are due to Prof. Campbell Brown for facilities for 
conducting this work, and for valuable help and suggestions during its 
progress. 
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CLII.—The Action of Bromocyclohexane and of 4-Bromo- 
\-methyleyclohexane on the Sodium Derivative of 


Ethyl Malonate. 


By Epwarp Hope and Witut1AM Henry PERKIN, jun. 


THis investigation was commenced in the hope of finding a convenient 
method for the preparation of 1-methyleyclohexylidene-4-acetic acid, 


CH,°CH 
CH, *CH, 


The first synthesis of this acid was carried out in the following 
way (Perkin and Pope, Trans., 1908, 93, 1076): Ethyl 1-methyl- 
cyclohexane-4-carboxylate (I) was reduced by sodium and alcohol to 
1-methyleyclohexylearbinol (II) ; this was then converted into 1-methyl- 
cyclohexylearbinyl bromide (III), from which 1-methyleyclohexyl-4- 
acetic acid (IV) was obtained by the action of potassium cyanide and 
subsequent hydrolysis. 


CH,°CH, 
OH, ‘CH, 


CHMe<.~ 2>C:CH:CO,H. 


CH,°CH 
CH,-CH, 
(IL.) 


OH,:CH 
CH: OH CH CH,°CO,H 


(Iv. ) 


2>CH:-CH,:0OH 


CHMe<a 2>CH:CO,Et CHMe<. 


- OCHMe< 


This acid was next converted, by the action of bromine, into a-bromo- 
1-methyleyclohexy1-4-acetic acid (V), the ester of which, on treatment 
with diethylaniline and subsequent hydrolysis, yielded 1-methyleyclo- 
hexylidene-4-acetic acid (VI). 

CH,°CH, 


CH: ‘CH, 2 >CH-CHBr:-00,H 


“(V.) 


CHMe< 


CH,°CH 
OH, ‘CH, 
(VL) 


CHMe<a 2>0:CH-CO,H 


This process had many disadvantages. In the first place the number 
of operations which had to be carried out rendered the preparation a 
very laborious one, but the most serious drawback was the fact that 
the 1l-methyleyclohexylidene-4-acetic acid ultimately obtained was far 
from pure. This was found to be due to the presence of considerable 
quantities of 1-methyleyclohexyl-4-acetic acid, the ester of which is 
produced during the action of diethylaniline on ethyl a-bromo-1- 
methyleyclohexyl-4-acetate by a process of reduction which is not 
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easily followed. In the present series of experiments the first step was 
the study of the action of bromocyclohexane on the sodium derivative 
of ethyl malonate, a decomposition which leads to the formation of 
ethyl cyclohe-ylmalonate, 
OH, OH-OH? CH CH (CO,Rt), 

This ester yields, on hydrolysis, cyclohexylmalonic acid (m. p. 
176—178°), and this is decomposed at 180° into carbon dioxide and 
cyclohexylacetic acid (m. p. 29°), 


OH < oH OH? >CH:-CH, CO, H, 


Ethyl cyclohexylmalonate reacts readily with bromine with 
evolution of hydrogen bromide and formation of ethyl a-bromocyclo- 
hexylmalonate, 

CHL<o “OH? > CH-CBr(CO, Et), 
and a-bromocyclohecylmalonic acid (m. p. 149—151°) is readily 
obtained when the free acid is similarly treated. 

Contrary to expectation, great difficulty was experienced in 
bringing about the elimination of hydrogen bromide from ethyl 
a-bromocyclohexylmalonate, such reagents as diethylaniline and 
pyridine producing secondary decompositions, which caused reduction 
and resulted in the formation of ethyl cyclohexylmalonate, whereas 
methyl-alcoholic potassium hydroxide yielded ethyl a-methoxycyclo- 
hexylmalonate, 


CH,"CH 
CH <on? CH CH-C(OMe)(CO, Et)» 


and sodium ethoxide the corresponding ethoxy-derivative. 

When, however, the bromo-ester was digested with barium 
hydroxide, the decomposition proceeded with elimination of hydrogen 
bromide and formation of cyclohexylideneacetic acid (m. p. 90°), but 
even in this case some reduction took place, and the product contained 
cyclohexylmalonic acid. 

In the second series of experiments, we prepared ethyl 1-methyl- 
cyclohexyl-4-malonate (VII) from 4-bromo-1-methyleyclohexane by the 
action of the sodium derivative of ethyl malonate, and from this, by 
hydrolysis, 1-methyleyclohexyl-4-malonic acid (VIII), which melts at 
177—178° with elimination of carbon dioxide and formation of 
1-methyleyclohexyl-4-acetic acid (m. p. 73°; IX), which had already 
been prepared by Perkin and Pope (Trans., 1908, 93, 1079) by a 
different process. 

In the hope of converting ethyl 1-methyleyc/ohexyl-4-malonate, or 
the free acid, into 1-methyleyclohexylidene-4-acetic acid, we prepared 
the bromo-derivatives of these substances and treated them with 
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diethylaniline and pyridine under different conditions, but in all cases 
a complicated process took place, with formation of considerable 
CH,°CH 
CHMe OH CH CH: CH(CO,Et), 
(VII) 


CH,°CH ; 
CH: cH CH CH(CO,H), 


(VIII). 
CH,:OH., 
CH OH CH CH,-CO,H. 


ax. ) 
quantities of 1-methyleyclohexy]-4-acetic acid, and we were unable to 
isolate the unsaturated acid from the product of any of these 
reactions. Treatment with methyl-alcoholic potassium hydroxide 


converted the bromo-ester into a-methoxy-1-methyleyclohexylmalonic 
acid, 


CHMe<a 


CHMe<t 


CH,°CH 
CH, ‘CH, 
(compare p. 1368). When, however, ethyl a-bromo-l-methylcyclo- 
hexyl-4-malonate was hydrolysed with barium hydroxide, it was 
readily decomposed, with formation of 1-methylcyclohexyl-4-tartronic 
acid and 1-methylceyclohexylidene-4-acetic acid, 
CHMe Coy” CH? CH C(OH)(CO,H), and 
CH,°CH. ° 
CH:-CH,>C:CH-CO,H, 
but the yield of the latter acid was quite unsatisfactory. 

The most remarkable point in connexion with this and previous 
researches on the same subject is the difficulty which has been 
experienced in eliminating hydrogen bromide from a-bromo-esters of 
the types : 

- 
—CH, 
that is, containing a closed ring, whereas it is well known that this 
process takes place with great ease in the case of open-chain a-bromo- 
esters. Thus, for example, ethyl a-bromoisovalerate, 
CHMe,*CHBr:CO,Et, 
is very readily converted into ethyl dimethylacrylate, CMe,:CH:CO,Et, 
when it is digested with diethylaniline. 

It is fortunate that, owing to the elegant method of formation 
recently devised by Wallach (Annalen, 1909, 365, 263), 1-methyl- 
cyclohexylidene-4-acetic acid may now be prepared in considerable 
quantities with comparative ease. 


CHMe<a 


2>CH-C(OMe)(CO,H), 


CHMe<a 


2>CH-CBr(00, Et), and (Top > cH: CHBr-00,Et, 
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EXPERIMENTAL. 
Ethyl cycloHexylmalonate. 


The bromocyclohexane required for the synthesis of this substance 
is readily prepared by heating a mixture of cyclohexanol (100 grams) 
with acetic-hydrobromic acid (200 grams, saturated at 0°) for half an 
hour on the water-bath. The product is poured into water, the heavy 
oil extracted with ether, the ethereal solution washed with 
water and then with sodium carbonate until free from acetic acid, 
dried, and distilled, when almost the whole quantity passes over at 
113—116°/150 mm., and consists of bromocyclohexane mixed with 
small quantities of unchanged cyclohexanol. 

The preparation of ethyl cyclohexylmalonate is carried out as 
follows: Sodium (8°7 grams) dissolved in alcohol (150 c.c.) is well- 
cooled, mixed with ethyl malonate (60 grams) and bromocyclohexane 
(62 grams), and the whole heated on the water-bath for twenty-four 
hours. After adding water, the product is extracted with ether, the 
ethereal solution well washed, dried, evaporated, and the residue 
repeatedly distilled under diminished pressure, when, after an oil of 
low boiling point, consisting chiefly of cyclohexene, cyclohexanol, and 
ethyl malonate, has passed over, a considerable fraction is obtained 
distilling constantly at 163—165°/20 mm. : 

0:1777 gave 0:4193 CO, and 0:1438 H,O. C=643; H=9-0. 

C,,H,,0, requires C = 64:4 ; H = 9-1 per cent. 

Ethyl cyclohexylmalonate is a colourless, viscid oil, and is obtained 
in the above process in a yield of about 33 per cent. of that 
theoretically possible. Although it probably yields a sodium 
derivative, attempts to introduce a second cyclohexyl group by treating 
the pure ester with sodium ethoxide and bromocyclohexane gave a 
negative result. 


cycloHexylmalonic Acid and cycloHexylacetic Acid. 


The hydrolysis of ethyl cyclohexylmalonate takes place readily when 
the ester is digested with a slight excess of methyl-alcoholic potassium 
hydroxide on the water-bath, and, after one hour, the crystalline 
potassium salt which will have separated is collected, dissolved in 
water, and acidified with hydrochloric acid. 

The solid acid is well washed and crystallised from formic acid, 
from which it separates in long, glistening prisms : 

0:1242 gave 0°2653 CO, and 0°0866 H,O. C=58:2; H=7°7. 

C,H,,0, requires C=58°0 ; H=7°5 per cent. 
cycloHexylmalonic acid melts at 176—178° and decomposes into 
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carbon dioxide and cyclohexylacetic acid; it is moderately readily 
soluble in warm water, and separates on cooling in small prisms. It 
is readily soluble in ether, slightly so in chloroform, and almost 
insoluble in benzene or light petroleum. The basicity of this acid was 
determined by titration with V/10-sodium hydroxide, when 0°362 gram 
neutralised 0°0146 NaOH, whereas this amount of a dibasic acid, 
C,H,,0,, should neutralise 0-0153 NaOH. 

If the pure acid is heated at 180°, a vigorous evolution of carbon 
dioxide takes place, and when this has ceased, the residual, nearly pure 
cyclohexylacetic acid solidifies, and may be purified by crystallisation 
from formic acid : 

0°1700 gave 0°4175 CO, and 0°1529 H,O. C=669; H=9°9. 

C,H, ,0, requires C=67°6 ; H=9°8 per cent. 
cycloHexylacetic acid separates from formic acid in ill-defined plates, 
and, after pressing on porous porcelain and drying over sulphuric acid, 
the acid melts at about 28—29°. 


a-Bromocyclohexylmalonic Acid. 


This acid is best prepared by adding bromine (0°4 c.c.) to a solution 
of cyclohexylmalonic acid (1 gram) in carefully dried ether. 
After remaining for four hours, the solution is warmed for a short 


time on the water-bath and the ether allowed to evaporate at the 
ordinary temperature, when a solid residue is obtained which crystal- 
lises from formic acid in magnificent rhombic plates : 

0°1385 gave 00970 AgBr. Br=29°8. 

C,H,,0,Br requires Br = 30:2 per cent. 
a-Bromocyclohexylmalonic acid melts at 154—156°, and is very 
soluble in ether, moderately so in chloroform, and very sparingly so in 
water or benzene. 

Considerable quantities of ethyl a-bromocyclohexylmalonate were 
prepared by adding bromine (4°7 c.c.), drop by drop, to pure ethyl 
cyclohexylmalonate (21 grams) at the ordinary temperature. 

The bromine was rapidly absorbed, with the evolution of hydrogen 
bromide, and, after remaining for three hours, the whole was dissolved 
in ether, the ethereal solution washed with dilute sodium carbonate, 
dried, evaporated, and the residual syrup fractionated under diminished 
pressure : 

0°1234 gave 00736 AgBr. Br= 25-4. 

C,,H,,0O,Br requires Br = 24°9 per cent. 
Ethyl a-bromocyclohexylmalonate distils at 183—185°/20 mm. 
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Attempts to Eliminate Hydrogen Bromide from 
Ethyl a-Bromocyclohexylmalonate. 


These experiments were undertaken with the object of determining 
the conditions under which cyclohexylideneacetic acid, 
CH,°CH , 
CHy<oH?.CH > C:CH-00,H, 
is produced from ethyl a-bromocyclohexylmalonate. 

I. The Action of Diethylaniline and of Pyridine.—In the first experi- 
ment the bromo-ester (15 grams) was added to boiling diethylaniline 
(25 grams), and, after continuing the boiling for four hours, the dark 
opaque liquid was cooled, poured into dilute sulphuric acid, and 
extracted with ether. The dark ethereal solution was washed with 
dilute sodium carbonate, dried, evaporated, and the residue distilled, 
when a smal) quantity of oil was obtained boiling at 155—165°/20 mm. 
This, on hydrolysis with methyl-alcoholic potassium hydroxide, yielded 
an acid melting at 175—176°, which, on examination, proved to be 
cyclohexylmalonic acid. Ina second experiment, the same quantities 
were heated at 120° for five hours, when the product was found to 
consist of about two-thirds unchanged bromo-ester and tarry matter, 
from which nothing definite could be isolated. 

The bromo-ester (20 grams) was next digested with pyridine (80 c.c.) 
for five hours on the water-bath, when the product, extracted in the 
usual manner, distilled at 180—185°/20 mm., and consisted of 
unchanged bromo-ester, almost the whole quantity being recovered. 
When the experiment was repeated at the boiling temperature for six 
hours, about 40 per cent. of the bromo-ester was recovered, and the 
remainder consisted principally of uninviting tarry matter. 

Il. The Action of Potassium Hydroxide.—Ethyl a-bromocyclohexyl- 
malonate is scarcely attacked by boiling with 30 per cent. aqueous 
potassium hydroxide, but weaker alkali gradually decomposes it, 
with the formation of considerable quantities of cyclohexylmalonic 
acid. 

When the bromo-ester (23 grams) was digested with a strong 
solution of potassium hydroxide (40 grams) in methyl alcohol, 
potassium bromide soon separated, but the potassium salt of the 
organic acid remained dissolved in the alcohol. In order to isolate 
this acid, the product was evaporated to dryness, the residue powdered, 
suspended in alcohol, and saturated with hydrogen chloride, and, after 
remaining for several hours, water was added and the ester extracted 
with ether. 

The ethereal solution was washed with sodium carbonate, which 
removed considerable quantities of an acid-ester, and the latter was 
again esterified. The combined esters were then fractionated, when 
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a considerable quantity of an oil was obtained, which distilled at 
about 165°/20 mm., and evidently consisted of ethyl a-methoxycyclo- 
heaylmalonate : . 

0:2144 gave 0°4890 CO, and 0:1678 H,O. C=62:2; H=8°7. 

0'2006 ,, 04548 CO, ,, 0:1524H,0. C=617; H=8-4. 

C,,H,,0, requires C= 61-7 ; H =8'8 per cent. 

On hydrolysis with alcoholic potassium hydroxide, this ester yielded 
a syrupy acid, which was not further investigated. 

The nature of this change was confirmed by the investigation of the 
action of sodium ethoxide on ethy] a-bromocyclohexylmalonate. 

The bromo-ester (16 grams) was poured into a solution of sodium 
(3°5 grams) in alcohol (45 c.c.), when immediate decomposition took 
place, the liquid became quite warm, and a yellow solid separated. 

After heating for half an hour on the water-bath, the product was 
isolated in the usual manner and fractionated, when almost the whole 
quantity distilled at about 165°/20 mm., and evidently consisted 
of ethyl a-ethoxycyclohexylmalonate : 

0°1704 gave 0°4016 CO, and 0:1379 H,O. C=643; H=9°0. 

C,,H,,0, requires C=64'0 ; H=9°3 per cent. 

III. The Action of Barium Hydroxide. Formation of cyclo- 
Hexylideneacetic Acid.—In this experiment ethyl a-bromocyclohexyl- 
malonate (15 grams) was digested with a strong aqueous solution 
of barium hydroxide (45 grams) for five hours. The product was 
kept until cold, filtered from excess of barium hydroxide, mixed 
with ice, and acidified, when an immediate separation of needle- 
shaped crystals took place. The precipitate was collected, washed, 
recrystallised from dilute methyl alcohol, and analysed, with the 
following result : 

0°1434 gave 0°3616 CO, and 0°1158 H,O. C=68°8; H=8°9. 

C,H,,0, requires C=68°6 ; H=8'6 per cent. 

This acid melted at 89—90°, and proved, on examination, to be 
cyclohexylideneacetic acid, since when mixed with a sample of this 
acid which had been obtained by another process (Wallach, Annalen, 
1909, 365, 261), there was no alteration in melting point. 

The aqueous liquors from which this acid had separated yielded, on 
extraction with ether, an oily acid, which gradually solidified, and 
after crystallisation, first from formic acid and then from water, 
melted at 175—176° and consisted of cyclohexylmalonic acid : 

0°1394 gave 02937 CO, and 0:0937 H,O. C=575; H=7-4. 

C,H,,0, requires C=58-0 ; H=7°5 per cent. 
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1-Methyleyclohexyl-4-malonic Acid and its Derivatives. 


Since the experiments on the preparation, properties, and decom- 
positions of this acid were carried out on the same lines as those 
described in detail in the case of cyclohexylmalonic acid, it will only 
be necessary to refer to them briefly. 

4-Bromo-1-methyleyclohexane was prepared by the action of acetic- 
hydrobromic acid on 1-methyl-4-cyclohexanol, and distilled at 
124—126°/150 mm. In preparing ethyl 1-methylcyclohexyl-4- 
malonate, ethyl malonate (80 grams), mixed with sodium (11°6 grams) 
dissolved in alcohol (200 c.c.), was digested with bromomethyleyclo- 
hexane (90 grams), and the product isolated in the usual manner. 
It distilled at 163—165°/20 mm., and gave, on analysis, the following 
result : 

0'1924 gave 0°4612 CO, and 0°1672 H,O. O=65:3; H=9°6. 

C,,H,,0, requires C=65°6 ; H=9°6 per cent. 

When this ethereal salt was hydrolysed with methyl-alcoholic 
potassium hydroxide, it yielded a sparingly soluble potassium salt, 
from which the free acid was obtained by acidifying with hydrochloric 
acid : 

0:1395 gave 0:3038 CO, and 00998 H,O. C=59:4; H=7°9. 

C,)H,,0, requires C=60°0 ; H=8-0 per cent. 

The basicity was determined by titration with V/10-sodium 
hydroxide, when 0°244 gram neutralised 0°0972 NaOH, whereas this 
amount of a dibasic acid, C,,H,,0,, should neutralise 0°0976 NaOH. 

1-Methyleyclohexyl-4-malonic acid melts at 177—178°, and decom- 
poses into carbon dioxide and 1-methylcyc/ohexyl-4-acetic acid; the 
latter separated from formic acid in pearly plates, melted at 73°, and 
was identical with the acid of this constitution which Perkin and 
Pope (Trans., 1908, 93, 1075) had prepared by a different method. 
In preparing ethyl a-bromo-l-methylcyclohexyl-4-malonate, ethyl 1- 
methyleyclohexyl-4-malonate (20 grams) was gradually treated with 
pure bromine (4°2 c.c.), and, as soon as the reaction was complete, the 
product was extracted with ether, the ethereal solution washed with 
sodium carbonate, dried, and distilled, when almost the whole quantity 
passed over at 182—185°/20 mm. as a viscid, colourless syrup : 

01330 gave 0°0758 AgBr. Br=24:2. 

C,,H,,0,Br requires Br = 23-9 per cent. 
a-Bromo-1-methyleyclohexyl-4-malonic acid was obtained by the 
action of bromine on the pure acid, and separated from formic acid 
in glistening prisms melting at 149—151°: 
01183 gave 0°0800 AgBr. Br=28°7. 
C,,H,,0,Br requires Br = 28°7 per cent. 
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Attempts to Eliminate Hydrogen Bromide from Ethyl a-Bromo-1-methyl- 
cyclohexyl-4-malonate. 


When this bromo-ester was treated with diethylaniline or pyridine 
under the conditions described in the case of ethyl a-bromocyclohexy]- 
malonate (p. 1365), much tarry matter was produced, and the only 
definite substance which could be isolated was ethyl 1-methylcyclohexy]- 
4-malonate. The bromo-ester reacts readily with methyl-alcoholic 
potassium hydroxide at the temperature of the water-bath, yielding 
potassium bromide and a sparingly soluble potassiwm salt, and, when 
this salt is acidified, a gum separates, which doubtless censists of 
a-methoxy-1-methylcycl/ohexy]-4-malonic acid, but as it did not solidify, 
the whole was esterified with alcohol and hydrochloric acid (compare 
p. 1365) and the ester fractionated. The oil distilling at about 
168—173°/20 mm. consists of ethyl a-methoxy-1-methylcycloheryl-4- 
malonate : 

0°1571 gave 0°3640 CO, and 0°1235 H,O. C=632; H=8°7. 

0°2158 ,, 05010 CO, ,, 0:1726H,O. C=63:3; H=8'8. 

C,;H,,0, requires C= 62°9; H=9°l per cent. 

The Action of Barium Hydroxide on Ethyl a-Bromo-1\-methylcyclohexyl- 
4-malonate.—As this action proceeds in a different manner from the 
corresponding decomposition of ethyl a-bromocyclohexylmalonate 
(p. 1366), it is necessary to describe it in detail. 

The bromo-ester (15 grams) was boiled for five to six hours with a 
strong solution of barium hydroxide (45 grams), when a sparingly 
soluble barium salt gradually separated. This was collected, decom- 
posed by hydrochloric acid, and extracted with ether, when a syrupy 
acid was obtained, which, over sulphuric acid in a vacuum desiccator, 
partly crystallised. In contact with porous porcelain the oily portion 
was readily absorbed, leaving a colourless, crystalline residue, which 
separated from formic acid in rhombic plates, and consisted of 
1-methyleyclohexyl-4-tartronic acid : 

0°1267 gave 0:2567 CO, and 0:0849 H,O. C=55:2; H=7-4. 

C,,H,,0,; requires C=55'5; H=7°4 per cent. 

The constitution of this acid was demonstrated by heating it at 
160°, when it decomposed with elimination of carbon dioxide and 
formation of a mixture of a-hydroxy-l-methyleyclohexyl-4-acetic acid 
and 1-methyleyclohexylidene-4-acetic acid. The product was distilled 
in a current of steam and the residue extracted with ether, when a 
solid acid was obtained, which, after crystallisation from formic 
acid, melted at 143°, and was identical with a-hydroxy-1l-methyleyclo- 
hexyl-4-acetic acid described by Perkin and Pope (Trans., 1908, 93, 
1075) : 
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0:1196 gave 0:2725 CO, and 0:0979 H,O. C=62:1; H=9-1. 
C,H,,0, requires C=62°8 ; H=9°3 per cent. 

The steam distillate (and also the soluble barium salt from the 
hydrolysis described above) contained an oily acid, which, although it 
did not solidify, evidently consisted largely of 1-methyleyc/ohexylidene- 
4-acetic acid. This was shown by analysis and by the fact that, 
when oxidised by permanganate, it yielded considerable quantities of 
1-methyl-4-cyclohexanone, which was easily identified by its general 
properties and by the melting point of its semicarbazone. 

THE ScHuNCK LABORATORY, 
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CLIIL.—The Hydrolysis of Amygdalin by Aevds. 
Part I. 


By J. Wattace WALKER and VERNON K. KRIEBLE. 


A.tHouGH this subject has been studied by several investigators, 
and varying results have been obtained according to the different 
experimental conditions employed, we find that, as yet, no com- 
pletely systematic examination has been made, and consequently 
have commenced to carry it out in detail. The fact that 
amygdalin, when heated with dilute aqueous solutions of the 
strong acids, yields the same products as when treated with 
emulsin, namely, dextrose, benzaldehyde, and hydrocyanic acid, 
was first established by Ludwig (Jahresb., 1855, 699). In a com- 
paratively recent communication, Caldwell and Courtauld (Trans., 
1907, 91, 666) have shown that this change involves a succession 
of reactions, the first of which consists in the hydrolytic elimination 
of one molecule of dextrose, and they have succeeded in isolating 
Fischer’s /-mandelonitrile glucoside as an intermediate product, 
thus showing that the first point of the amygdalin molecule, 
C,H;-CH(CN)-O-C,H,,0;°C,H,,0;, to be attacked by dilute hydro- 
chloric acid is the biose junction, just as when maltase is employed 
as hydrolyst (Fischer, Ber., 1895, 28, 1508). There are, however, 
two other points in the molecule of amygdalin susceptible of 
hydrolysis, namely, the junction between the biose and the 
mandelonitrile groups, and also the nitrile group itself. The well- 
known formation of /-mandelic acid when concentrated hydro- 
chloric acid is substituted for dilute, might therefore be assumed 
to indicate an entirely different behaviour on the part of the 
VOL. XCV. 4uU 
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concentrated acid, or it might mean that both dilute and con- 
centrated acids act similarly at first, hydrolysing amygdalin to 
dextrose and /-mandelonitrile, but differ in their subsequent action 
on this substance, the latter hydrolysing it further to ammonium 
chloride and /-mandelic acid, whilst the former decomposes it to 
benzaldehyde and hydrocyanic acid. The conclusion was, however, 
deduced by one of us (Walker, Trans., 1903, 83, 472) that the 
first point attacked by concentrated hydrochloric acid (D 1°1) 
is the nitrile group, which suffers hydrolysis to carboxyl, the 
elimination of the dextrose groups taking place subsequently. The 
entire course of the decomposition of the amygdalin molecule is 
thus different, according as weak or concentrated hydrochloric 
acid is employed as hydrolyst. 

The above conclusion suggested the advisability of examining 
the behaviour of other strong acids in aqueous solution, for, 
although no difference in their action was to be anticipated on 
theoretical grounds, the same might be said of a single acid, such 
as hydrochloric, when employed at different concentrations. 
Although the statement that all concentrated acids behave alike 
in this respect has been generally accepted, it appears to be based 
entirely on analogy, for we cannot find that znyone has examined 
the behaviour of any acid other than hydrochloric acid. Experi- 
mentally, we find that a concentrated aqueous solution of sulphuric 
acid behaves in a totally different manner from one of hydro- 
chloric acid, inasmuch as the former shows very little tendency 
to attack the nitrile group, which, as already stated, is the 
first point attacked by the latter. So slight indeed is this 
tendency that a large amount of /-mandelonitrile separates from 
the solution as an oil, and it seems to be only very slowly acted 
on further. Dilute sulphuric acid shows points of resemblance 
both with dilute hydrochloric acid and with concentrated sulphuric 
acid, inasmuch as it first removes one molecule of dextrose, pro- 
ducing Fischer’s /-mandelonitrile glucoside, and then liberates 
l-mandelonitrile, on which it acts very slowly. Oxalic acid 
probably behaves mainly in the same way as dilute hydrochloric 
acid. Trichloroacetic acid has thus far only been examined in 
fairly concentrated solutions. Its behaviour is entirely anomalous, 
for it does not appear to effect the hydrolysis of amygdalin at all 
under conditions which enable hydrochloric acid to act fairly rapidly. 


EXPERIMENTAL. 


Hydrolysis by Dilute Hydrochloric Acid.—The hydrolytic action 
of normal acid has been quantitatively studied by Caldwell and 
Courtauld (loc. cit.). They have shown that at temperatures of 
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60° and 80° the junction of the two dextrose groups is first 
attacked with the formation of dextrose and Fischer’s /-mandelo- 
nitrile glucoside, which on further hydrolysis yields a second 
molecule of dextrose and the decomposition products of /-mandelo- 
nitrile, namely, benzaldehyde and hydrocyanic acid. 

Hydrolysis by Concentrated Hydrochloric Acid.—The action of 
concentrated hydrochloric acid solution (D 11) on J-amygdalin, 
r-amygdalin, and r-amygdalinic acid at 20° was examined by one 
of us (loc. cit.), the accompanying change of rotation being 
followed polarimetrically. In the case of /-amygdalin there was 
a large and rapid increase of levorotation, followed by a much 
slower but greater decrease, whereas r-amygdalin showed prac- 
tically no change during the first period, but an equal diminution 
of levorotation during the second. There are three possible initial 
paths by which the hydrolysis may proceed, namely: 


(a) Amygdalin —> mandelonitrile + biose, 
(6) Amygdalin —> mandelonitrile glucoside + dextrose, 
and (c) Amygdalin —> amygdalinic acid + ammonia. 


Of these three, (b) is at once excluded by the observed large 
initial increase of levorotation when using J/-amygdalin, since 
l-mandelonitrile glucoside has a smaller levorotation than that 
substance. Finally, (c) was indicated as the path selected by 
observing the behaviour of r-amygdalinic acid when similarly 
hydrolysed. Its rotatory power changed in a manner corresponding 
with the second period of r-amygdalin. Attempts to isolate the 
l-amygdalinic acid having been unsuccessful, the hydrolysis by 
concentrated hydrochloric acid has been further studied with 
different concentrations of acid and at different temperatures, and 
confirmation of the above conclusion has been sought and obtained 
in other ways. A solution was prepared containing 10 grams of 
l-amygdalin in 50 c.c. of hydrochloric acid (D 1°118), and allowed 
to reach the condition of maximum lzvorotation. It was then 
extracted with benzene, but gave no trace of /-mandelonitrile. The 
acid solution was then neutralised with sodium hydroxide 
to decompose any possible compound of hydrochloric acid 
with the nitrile, and again extracted with benzene, but no 
mandelonitrile was obtained on evaporation of the benzene. A 
similar solution, after attaining the maximum activity, was diluted 
with sufficient water to reduce the strength of the hydrochloric 
acid to normal, and then heated for eight hours in a closed vessel 
on the boiling-water bath. Neither benzaldehyde nor hydrocyanic 
acid could be detected in it after this treatment. These experi- 
ments prove conclusively that the hydrolysis does not take place 
according to (a). In the former communication the change of 
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rotation was not followed far past the maximum point, con- 
sequently there was no evidence obtained of the subsequent course 
of the hydrolysis of the /-amygdalinic acid, which may proceed by 
one of two paths, either: 
(d) /-Amygdalinic acid —> /-mandelic acid + biose, 

or (e) -Amygdalinic acid —> /-mandelic acid glucoside + dextrose. 

To gain information on this point, a series of observations have 
been made, covering the whole time of action or the major part 
of it. Some of the results obtained are given in the following 
tables. The material employed in (I) was Kahlbaum’s, having 
the composition C,)H,,0,,N,2H,O, that in (II) and (III) had 
been recrystallised from water and had the composition 
C,)H.,0),N,3H,O. In comparing the maximum rotation attained 
in (I) with those in (IT) and (III), the former must therefore be 
multiplied by 493/511. Each solution contained 10 grams of 
material in 50 c.c., and was examined in the 2-dem. tube: 


TaBeE I. 
Temperature 28°. Hydrolyst: Hydrochloric acid (D 1°089). 


Time in hours. Gp. Time in hours. Gp. 
0°5 —13°5° 90 — 38°5° 
3°75 15°4 97 39°22 

18°25 24°34 | 115 39°88 
24°5 26°5 140 39°14 
42°0 32°1 | 161 39°14 
67°0 36°4 186 38°0 
72°0 36°9 


Tase IT. 
Temperature 28°. Hydrolyst: Hydrochloric acid (D 1°118). 


Time in hours. Ge. Time in hours. 
—15:0° | 23°16 

27°3 29°9 
35:1 39°17 
40°4 43°0 
41°8 §2°25 
41°9 55°50 
41°5 72°75 
40°4 84°0 


Taste ITI. 
Temperature 60°. Hydrolyst: Hydrochloric acid (D 1°118). 


Time in minutes, —_ Time in minutes. 
— 14°3° 56 
19°2 68 
21°9 83 
22°4 96 
23:7 115 
21°4 135 
19'7 175 


AMYGDALIN BY ACIDS. PART I. 1373 


The observations in table III, where the hydrolysis has been 
carried to completion, do not, even when plotted in the form of a 
curve, show a separation into the three distinct reactions which 
must take place, consequently two of them must proceed with 
approximately the same velocity. Experiments were therefore 
made to determine the amount of chemical change which had 
taken place corresponding with definite changes in optical power. 
The solutions employed contained 10 grams of the compound 
C,,H,,0,,N,2H,O in 50 cc., and the diluent was hydrochloric 
acid (D 1°118). In the first experiment, the rotation was 
a, —30°25° after the solution had remained at 35° for ninety-six 
minutes, and it was found to contain reducing sugar equivalent to 
8 per cent. of the total quantity of dextrose which 10 grams of 
amygdalin could yield. <A portion of it, after neutralisation with 
sodium hydroxide, was heated for twenty-two hours at 40° with 
emulsin, and the liberated hydrocyanic acid was titrated with 
V/50-iodine solution in order to determine how much remained 
as cyanogenetic glucoside. It was found that only 8 per cent. of 
the hydrocyanic acid, corresponding with 10 grams of amygdalin, 
was thereby liberated. Up to this point, therefore, the reaction 
had consisted mainly in the production of /-amygdalinic acid, 
although the formation of some reducing sugar shows that another 
slower reaction is proceeding contemporaneously. In a second 
experiment, the rotation in the 2-dem. tube after the solution had 
remained at 38°5° for 230 minutes was —35°9°, and this was the 
maximum reading attained at that temperature. Estimations 
similar to the above showed that the solution now contained 
reducing sugar equivalent to 21 per cent. of the total quantity 
of dextrose obtainable from 10 grams of amygdalin, and that there 
still remained 5 per cent. of the amygdalin as a cyanogenetic 
glucoside. These observations, while confirming: the conclusion 
regarding the first action of hydrochloric acid in producing 
l-amygdalinic acid, are not in themselves decisive as to whether a 
biose is liberated or not in the second stage. If liberated, however, it 
must be very strongly levorotatory to account for the great observed 
increase of levorotation as the reducing sugar increases in amount, 
but, since there is no corresponding increase of levorotation during 
the hydrolysis of r-amygdalinic acid under the same conditions, it 
follows that biose is not liberated, and consequently that (c) and 
(e) represent the course of the hydrolysis. The point of maximum 
optical activity of the solution, however, does not correspond with 
that of maximum content of /-amygdalinic acid, and the difficulty 
which, as already stated, was experienced in our attempts to 
isolate that substance by stopping the hydrolysis at the point of 


1374 WALKER AND KRIEBLE: THE HYDROLYSIS OF 


maximum optical effect is thus entirely explained, for the solution 
then contains, besides that acid, an amount of free dextrose and 
of l-mandelic acid glucoside equivalent to 42 per cent. of the 
amygdalin employed. It is also evident, from the above tables, 
that the change in the velocity of the reaction for a comparatively 
small change in the concentration of the hydrolyst is very great. 
The concentrations of hydrochloric acid in the two experiments at 
28° are in the ratio of 10 to 13, but the more dilute solution takes 
ten times longer to reach its maximum. Further, the maximum 
rotation attained is highest at low temperatures and with stronger 
acid, but whether this points to a change in the relative velocities 
of the several reactions has not yet been determined. 

Hydrolysis by Concentrated Aqueous Solutions of Sulphuric 
Acid.—A solution containing 40 grams of sulphuric and 20 grams 
of amygdalin in 60 grams of water was heated on the water-bath 
to 90°. After a quarter of an hour it had become turbid, and 
on heating for an hour longer a layer of dark oil was found 
floating on its surface. This was extracted with benzene, and 
found to be strongly dextrorotatory in that solvent. On evapora- 
tion of the benzene there remained 4°573 grams of oil without any 
odour of benzaldehyde. The theoretical yield of mandelonitrile 
is 5°4 grams. On cooling, it crystallised and melted a little above 
20°. It was hydrolysed by heating with concentrated hydro- 
chloric acid solution, and evaporated to dryness on the water-bath. 
The mandelic acid was extracted from the residue with ether, and 
the ammonium chloride collected. It weighed 1°823 grams instead 
of the theoretical 1°8395 grams. The oil was therefore nearly 
pure /-mandelonitrile, and was obtained in 85 per cent. yield. 
The aqueous sulphuric acid solution was twice extracted with ether, 
and gave 0°8 gram of mandelic acid, which showed [a],—74°. It 
had therefore’ been racemised to a considerable extent. This 
experiment shows that the first point in the amygdalin molecule 
attacked by a concentrated aqueous solution of sulphuric acid is 
totally different from that acted on by concentrated hydrochloric 
acid ; in fact, what the one attacks first the other attacks last, and 
apparently with difficulty. In a second experiment a lower con- 
centration of sulphuric acid was employed. On heating 10 grams 
of amygdalin with 50 c.c. of 2°77N-sulphuric acid to 98° for 
three hours, a dark oil separated, which was extracted with benzene. 
This solution, having a volume of 50 c.c., showed a rotation of 
@,+1°1° in the 1-dem. tube, and left on evaporation of the benzene 
1°75 grams of oil, which was shown, as before, to be /-mandelo- 
nitrile. From the above data its specific rotation in benzene 
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solution is approximately [a],,+31°4°. The yield in this instance 
was only 65 per cent, 

Hydrolysis by Dilute Aqueous Sulphuric Acid—The strength 
of sulphuric acid employed in the three following experiments was 
101354. A solution containing 2 grams of amygdalin in 10 c.c. 
of this acid, afte- heating at 98° for three hours, remained quite 
clear when cooled. When heated at the same temperature for one 
hour longer it became milky when cold, and, after two hours’ 
further heating, there were beads of oil floating on the solution, 
and it had acquired a distinct odour of oil of bitter almonds. A 
similar solution was heated at 98° for two hours. It was then 
neutralised, and the reducing sugar estimated. It corresponded 
with 0°86 gram of dextrose, whereas 2 grams of the amygdalin 
employed, having the composition C,,H,,O,,N,2H,O, should yield 
on complete hydrolysis 1°488 grams of dextrose. On repeating 
this experiment with a larger amount of material, its rotation in 
the 1-dem. tube was a,+0°85°, whereas, had hydrolysis to dextrose 
and /-mandelonitrile glucoside been quantitative, it should have 
been approximately +0°7°. The solution was exactly neutralised 
with a standard solution of barium hydroxide, and, after the 
barium sulphate had settled, the clear liquid was decanted and 
evaporated to a thick syrup in a vacuum. It was then extracted 
with a small quantity of boiling alcohol, and this solution frac- 
tionally precipitated by ethyl acetate. The first crop was obviously 
impure /-mandelonitrile glucoside, as its specific rotation was 
[a],—18°1°, but subsequent crops approximated more closely to 
the value for that substance, namely, [a],—26°5°, and on re- 
crystallisation the correct value was obtained. The results of 
these experiments show that the biose junction in the molecule of 
amygdalin is the point most susceptible of attack by sulphuric 
acid at all concentrations, just as when dilute hydrochloric acid 
is employed. They demonstrate, however, the striking difference 
between the comparative facility with which the latter acid decom- 
poses benzaldehydecyanohydrin and the difficulty with which that 
is accomplished by sulphuric acid. After heating to 80° for two 
hours with W-hydrochloric acid, Caldwell and Courtauld (loc. cit.) 
estimated that the solution contained hydrocyanic acid equivalent 
to 14 per cent. of the amygdalin employed, whereas in our experi- 
ments with dilute sulphuric acid the amount present must have 
been extremely small, for the odour of oil of bitter almonds could 
not be detected with certainty. 

Hydrolysis by a Concentrated Aqueous Solution of Oxalice Acid. 
—This acid has only been examined in concentrated solution, and 


1376 WALKER AND KRIEBLE: THE HYDROLYSIS OF 


even thus at a temperature of 98° its action is very slow relatively 
to that of hydrochloric and sulphuric acids. An aqueous solution, 
containing 9°45 grams of crystallised oxalic acid and 10 grams of 
amygdalin in 50 c.c., was heated on the water-bath at 98° for 
intervals of three, five, and seven hours, and estimations were 
made of the liberated hydrocyanic acid and reducing sugar. The 
results were as follows: 
Time. Dextrose. Hydrocyanic acid. 

38 40°0 14°8 

5 51°7 24°5 

7 59°5 30°0 

The results are expressed in percentages of the total amounts 
which 10 grams of amygdalin could yield. It seems probable from 
these figures that oxalic acid resembles dilute hydrochloric in its 
action, producing first /-mandelonitrile glucoside, which it subse- 
quently hydrolyses to dextrose, and the decomposition products of 
mandelonitrile, but the production of /-mandelic acid in small 
amount is not excluded. To test for this, an experiment was 
performed, using six times the quantity of material, and the heating 
was continued for four hours longer. It was then thoroughly 
extracted with ether, and the residue left on evaporation of the 
ether was converted into the barium salt. After filtration from 
a considerable quantity of barium oxalate, the filtrate was 
evaporated to dryness, and the soluble acid again extracted with 
ether after acidifying with hydrochloric acid. There were thus 
obtained 1°387 grams melting at 118—126° and _ showing 
[a],,—136°. The corresponding values for pure /-mandelic acid are 
132° and —154°. It was therefore mainly /-mandelic acid con- 
taminated with a little of the racemic acid, which melts at 118°, 
and the yield was about 8 per cent. of the theoretical. Although 
Caldwell and Courtauld did not succeed in demonstrating the 
production of this substance when N-hydrochloric acid is employed 
as hydrolyst, it is not improbable that a small quantity is produced 
in that case also. 

Trichloroacetic Acid.—A_ solution containing 10 grams of 
amygdalin, 36 grams of acid, and 25 c.c. of water, having a total 
volume of 55 c.c., was kept at 18°. It required several hours for 
total solution. Its rotation in the l-dem. tube was a,—8'3°, and 
this remained constant for four weeks. The solution is 4 
with respect to acid, and, as no determinations had been made 
with a corresponding strength of hydrochloric acid at that tem- 
perature, a solution was made up containing 10 grams of amygdalin 
in 55 c.c., the diluent being 4°4V-hydrochloric acid. In contrast 
to the above, its rotation in the l-dem. tube varied in sixteen 
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days from a,—7'7° to —20°05°. The solution containing tri- 
chloroacetic acid was then heated for twenty-four hours at 45°, 
but when cooled and again examined its rotation was found to be 
unaltered. Thinking that the relatively small quantity of water 
present in this solution might be responsible for such an anomalous 
result, we diluted 10 c.c. of it to 20 c.c. The observed angle was 
now a@,—4°15°, and it remained constant during nineteen days 
at 18°. Trichloroacetic acid, therefore, does not appear to hydro- 
lyse amygdalin at all under conditions similar to those at which 
hydrochloric acid effects complete hydrolysis. 

The hydrolytic activity of acids is commonly ascribed to the 
hydrogen ion which they contain, and this property has been 
employed in a great number of well-known instances as a measure 
of the relative affinity of the acids. Further, a large number of 
other methods have been developed for measuring the affinities of 
acids, and these, although not yielding absolutely concordant 
results, nevertheless give values for any particular acid which are 
at least of the same order of magnitude. All of these methods 
indicate that trichloroacetic acid is not quite, but nearly, as strong 
as hydrochloric acid. However, as regards their power of hydro- 
lysing amygdalin, we find that the two do not even appear in the 
same category. The amygdalin molecule is, however, exceptional 
among the hydrolysts which have been examined, in that it has 
several points, totally different from each other in their chemical 
nature, susceptible to the action of the hydrolyst, and it may well 
be that a similar examination of other substances presenting such 
features will show parallel behaviour. In a recent investigation, 
Adrian J. Brown (Proc. Roy. Soc., 1909, B, 81, 82) has found an 
instance of selective action on the part of some acids. He has 
observed that whilst the coverings of the seeds of Hordeum vulgare 
are readily permeable to trichloroacetic acid in aqueous solution, 
they are quite impermeable to hydrochloric and sulphuric acids. 

It would be idle at present to suggest an explanation of this 
anomaly, but a much more extended investigation will be made 
embracing many other acids as well as derivatives of amygdalin 
to discover, if possible, something of the nature of this selective 
affinity. 

MACDONALD CHEMISTRY AND MINING BUILDING, 
MvGiL_ UNIVERSITY. 
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CLIV.—2 : 3: 5-Trinitro-4-amunophenol and Derivatives. 


By Rapnwaet Metpota, F.R.S., and James Gorpon Hay, A.I.C. 


THE acetyl derivative of the above compound has been fully described 
in a series of papers published during the last few years (Trans., 1906, 
89, 1935; 1907, 91, 1477; 1908, 93, 1659; 1909, 95, 1033), but 
the corresponding trinitroaminophenol has only been incidentally 
referred to (loc. cit., 91,1477). As no trinitro-derivative of para- 
aminophenol has hitherto been prepared, and as the acetyl derivative 
has proved to be of especial interest on account of its reactivity, the 
parent trinitro-compound seemed worthy of detailed study from several 
points of view. In the first place, with respect to the possibility of 
catenation products being formed from this compound by interaction with 
amines in the same way as with the acetyl derivative, it may be pointed 
out that, as no ring-formation would be possible in this case, the 
products would be ortho-amino-derivatives of substituted diaryl- or 
arylalkyl-amines : 


Compounds of this type have hitherto been but little studied on 
account of the difficulty of preparing them, and it was therefore hoped 
that the new trinitroaminophenol would prove to be a convenient 
material for synthesising them according to the above scheme. Our 
experiments in this direction have, however, so far led to negative 
results, and no definite compound has been obtained by the interaction 
of trinitroaminophenol and amines under any conditions. The addition 
of the amine to the alcoholic solution of the trinitro-compound leads in 
the first place to the formation of a highly coloured (generally violet) 
salt, which rapidly decomposes at the ordinary temperature. The 
trinitro-compound is apparently completely decomposed by amines, with 
the formation of resinous products. Although the study of these 
products of decomposition has for the present been abandoned, the 
research will be continued at some future time, as it is not improbable 
that by modifying the conditions under which the reaction takes place 
the required catenation products may be obtained. 

The other direction in which the trinitroaminophenol has been 
studied is its behaviour on diazotisation, as the conditions are apparently 
most favourable for the elimination of a nitro-group in accordance 
with the rule which has been found to hold good in the case of the 
dinitroanisidines. It will be seen in the experimental part of this 
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paper that the 3-nitro-group in the trinitro-compound is not eliminated 
on diazotisation, a fact of considerable interest when considered in 
connexion with the results made known in a former paper (Trans., 
1907, 91, 1482). It was shown in this last paper that 2 : 3-dinitro- 
4-aminophenol does not lose the 3-nitro-group on diazotisation, 
although the latter is in a favourable ortho-position with respect 
to the amino-group. From this fact it was concluded that it is 
the methoxy-group which is the “loosening” substituent in this 
and analogous cases, since the corresponding dinitroanisidine 
readily parts with the 3-nitro-group on diazotisation (loc. cit., 
p. 1484). This conclusion receives confirmation from the fact made 
known in the present paper that 2:3: 5-trinitro-4-aminophenol also 
retains the 3-nitro-group on diazotisation, since in this case the amino- 
group (and therefore the diazonium group) is ortho with respect to 
two nitro-groups. The corresponding trinitro-p-anisidine has not been 
obtained by us, although attempts have been made to prepare this 
compound by the direct methylation of the silver salt of the trinitro- 
acetylaminophenol (Trans., 1906, 89, 1937), and by the extreme 
nitration of aceto-p-anisidide. In the mean time a trinitroanisidine 
of the required constitution appears to have been obtained in small 
quantity by Reverdin by the extreme nitration of benzo-p-anisidide in 
acetic anhydride solution (Arch. Sci. phys. nat., 1909, 2'7, 395). 

The process originally described for the preparation of trinitro- 
acetyl-p-aminophenol (Trans., 1906, 89, 1936) has in the course of 
our work been considerably improved, and we are now enabled to give 
the details of the method finally adopted. In the earlier process the 
diacetyl derivative of p-aminophenol was nitrated so as to furnish as 
the first product the mononitro-compound of Hiihle, and this by further 
nitration was converted into the trinitroacetylaminophenol. In a 
subsequent communication we pointed out that if the mononitro- 
compound is partially hydrolysed so as to convert it into the 3-nitro- 
4-acetylaminophenol, and the latter nitrated under regulated conditions, 
2: 3-dinitro-4-acetylaminophenol is formed (Trans., 1907, 91, 1481). 
In this last paper it was also stated that by extreme nitration the 
mononitroacetylamiuophenol is converted into the 2:3: 5-trinitro- 
compound. The formation of the latter from 2 : 3-dinitro-4-acetyl- 
aminophenol as well as from 3: 5-dinitro-4-acetylaminophenol (Trans., 
1906, 89, 1936) thus furnishes an additional proof of the constitution 
which we originally assigned to this compound : 


OH OH 


A~ /\no, 
NO, )N0, sates NO, pxo, <— 
NHAc NHAc 
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From these results it appears, also, that the course of nitration is 
different, according as the mono- or the di-acetyl derivative of the mono- 
nitro-compound is used as the initial stage, although the final product 
is the same in both cases. The orienting influence of the O-acetyl 
group thus determines the entry of the second nitro-group into 
position 5, leaving only position 2 (or 6) for the third nitro-group, 
The hydroxyl group, on the other hand, sends the second nitro-group 
into position 2, leaving positions 5 and 6 for the third nitro-group, 
which in fact enters position 5. 


ExPERIMENTAL. 
Preparation and Properties of Trinitroacetylaminophenol. 


3-Nitro-4-acetylaminophenol is prepared by bydrolysing the diacetyl 
derivative in the way previously described (Trans., 1907, 91, 1481, 
footnote). The success of this operation depends on the rapidity with 
which the hydrolysis is effected, and the use of just sufficient alkali to 
bring about solution at the ordinary temperature. If an excess of 
alkali is present, or if the solution when once formed is not imme- 
diately acidified, there is much loss of material, owing to the decom- 
posing action of the alkali. The 3-nitroacetylamino-compound, after 
precipitation, is collected, washed with water, dried, and further 
nitrated by dissolution in fuming nitric acid (D1°5). One hundred c.c. 
of acid will nitrate 30 grams of the mononitro-compound, the latter 
being gradually stirred into the acid kept cool in melting ice. When 
all the substance has been dissolved in the acid, the solution is at once 
poured on to ice, and the trinitro-compound collected as soon as it has 
separated. As this last compound is decomposed on long standing in 
presence of dilute nitric acid, it is advisable to collect the precipitate 
and wash it free from acid with as little delay as possible. Owing to 
the solubility of the trinitro-compound in water, the quantity of ice 
used for precipitation must also be limited to a minimum, or con- 
siderable loss of material is incurred. The best solvent for purifying 
the crude product is acetic acid, one crystallisation being generally 
sufficient to give a pure compound if the above method of preparation 
is followed. 

Some of the general properties of 2:3:5-trinitro-4-acetylaminophenol 
have been described in former papers. The extreme reactivity of the 
compound renders it unsafe to dry it in contact with organic matter, 
such as filter paper. If dried in the water-oven on a paper filter, 
deflagration takes place, although it may be safely dried in contact 
with glass or porcelain. The extreme readiness with which the 3-nitro- 
group is eliminated renders it impossible to prepare salts by combining 
the compound with strong bases, as the latter cause complete decom- 
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position. Attempts to replace the mobile nitro-group by methoxy- or 
ethoxy-groups by interaction with sodium methoxide or ethoxide gave 
only resinous products. The extremely acid character of the compound 
enables it to decompose metallic salts containing weaker acid radicles, 
and this property has enabled us to isolate the potassium and sodium 
salts. The former was prepared by dissolving the trinitro-compound 
in a warm solution of potassium cyanide or potassium acetate ; the 
salt separates out on cooling in splendid scarlet needles, which are very 
soluble in cold water, but which, by rapid washing, can be freed from 
mother-liquor. The salt was dried at the ordinary temperature in a 
desiccator, as it deflagrates when heated in the water-oven : 

00316 gave 0:0082 K,SO,. K=11°64. 

C,H,0,.N,K,H,O requires K = 11°43 per cent. 

The water of crystallisation could not be determined directly 
by drying for the reason above stated. The sodium salt was not 
obtained in sufficient quantity for analysis, as its solubility is 
greater than that of the potassium salt, and it could not be purified by 
washing. In appearance it resembles the potassium salt. This method 
of obtaining salts of the trinitro-compound appears to be generally 
applicable, and the research is being continued in this direction. 


Preparation and Properties of Trinitroaminophenol. 


The acetyl derivative cannot be hydrolysed by alkalis, owing to its 
instability in presence of such reagents. The early attempts to 
hydrolyse by means of sulphuric acid also failed, as the special 
properties of the compound were not at the time sufficiently familiar 
(Trans., 1906, 89, 1937). We have now found that the acetyl group 
can be completely removed by sulphuric acid and without any decom- 
position of the trinitroamino-compound if the following method is 
closely adhered to. 

The acetyl derivative is dissolved by stirring in an excess of con- 
centrated sulphuric acid at the ordinary temperature of the laboratory. 
The vessel containing the solution is then plunged into a bath of 
boiling water for a few minutes and immediately withdrawn. The 
course of the hydrolysis must be followed by rapid tests, a drop of the 
solution being withdrawn on a glass rod at short intervals and diluted 
with water on a watch-glass. When hydrolysis is complete, a scarlet, 
crystalline precipitate is formed, and the sulphuric acid solution must 
be cooled at once by immersion in cold water, or the hydrolysis proceeds 
too far and decomposition takes place. A brownish tinge shown by 
the precipitate indicates that the action of the sulphuric acid has been 
too prolonged, as the pure compound is bright red. The whole operation 
takes but a few minutes, and its success depends upon arresting the 
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action of the acid at the critical stage. When the latter point has 
been reached and the solution cooled, the trinitroamino-compound is 
precipitated by pouring the solution on to ice. The red, crystalline 
deposit can be collected and washed with water until free from acid. 
It cannot be dried at 100° without decomposition. It can be crystal- 
lised in small batches from acetic acid, from which it separates in deep 
red needles having a decomposing point of about 145°: 

0:0671 gave 12°65 c.c. N, (moist) at 9'5° and 767 mm. N=22°84. 

C,H,0,N, requires N = 22°96 per cent. 

The compound is but feebly basic, the sulphate being completely 
dissociated by water. The salts formed with ammonia, alkyl- and 
aryl-amines, alkaline hydroxides, etc., are of an intense violet colour, 
but are so unstable that they undergo immediate decomposition. 


Diazotisation of the Tiinitroaminophenol. 


The compound does not diazotise satisfactorily in acetic acid solu- 
tion, the amino-group being no doubt “ protected” by the nitro- 
groups on either side. In order to effect diazotisation, the substance is 
dissolved at the ordinary temperature in concentrated sulphuric acid, 
the solution diluted with a little water, and, when cold, an excess of 
solid sodium nitrite stirred in in small portions. The course of the 
diazotisation can be followed by mixing a drop of the solution with 
water on a watch-glass ; the diazonium salt is decomposed by water 
with the precipitation of a bright yellow diazo-oxide (quinonediazide), 
so that the appearance of a yellow instead of a red precipitate on 
dilution indicates the completion of the reaction. 


2:3: 5-7 rinitrophenol. 


The solution of the diazonium sulphate prepared as above under- 
goes the usual “ diazo-decompositions ”’ *with various reagents. On 
boiling with excess of absolute alcohol as long as nitrogen is evolved, 
evaporating the solvent, and diluting with water, trinitrophenol 
crystallises out in ochreous needles. This compound, which is of 
interest as being an isomeride of picric acid, has been briefly referred 
to in a recent note (J. Soc. Dyers, 1909, 25, 12). It is slightly 
soluble in boiling water, from which it separates in yellow needles, 
melting at 119—120°, and becoming ochreous and opaque on drying 
at 100°. It is readily soluble in alcohol, acetic acid, or benzene : 

0:0852 gave 13°35 c.c. N, (moist) at 17° and 764 mm, N =18°24. 

C,H,O,N, requires N =18°34 per cent. 

This trinitrophenol dyes silk and wool with a more orange shade 

than picric acid. The hydroxyl group is so effectively protected that 
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the compound could not be satisfactorily methylated or acetylated by 
any of the ordinary methods. On dissolving in hot potassium carbonate 
solution, a potassium salt separates out on cooling in red needles, 
which contain no water of crystallisation : 

0°1672 gave 0°0554 K,SO,. K=14°81. 

C,H,O,N,K requires K = 14°66 per cent. 

Other salts were prepared and examined qualitatively. When 
dry, they deflagrate on heating, and are not at all comparable in 
explosive power with the picrates. The solutions of the trinitrophenol 
are much more highly coloured than the solid compound, a property 
which, taken in connexion with the deep red colour of the salts, 
suggests the usual isonitro-tautomerism : 


O 


/~: -NO,H(K, ete.) 
INO, 


The trinitrophenol appears to form a molecular compound with 
naphthalene, which crystallises from alcohol in orange needles melting 
at 100—101°. This compound is, however, much less stable than the 
corresponding picrate, and the successive analyses following the 
crystallisations indicated that dissociation takes place in alcoholic 
solution. 

From the foregoing results, it follows that there is no loss of a 
nitro-group on diazotisation. 


2:3 :5-Trinttroquinonediazide, 
o— 0 
a (NO, é Ye 
we, "i or sia” il / 
N 2 

The diazonium press prepared as described is immediately 
decomposed on dilution with water, with the formation of a quinone- 
diazide, which separates as a dense, yellow, micro-crystalline powder. 
After being washed free from acid, the compound, although highly 
explosive, can be safely dried in the water-oven. It has been found 
very difficult to obtain the substance perfectly pure, as it is decom- 
posed by most solvents, and tends to retain those which do not inter- 
act with it chemically. The analytical results are, however, perfectly 
definite in establishing the fact that no loss of a nitro-group occurs on 
the transformation of the diazonium salt into the quinonediazide. The 
latter is, in fact, unchanged by a solution of sodium acetate at the 
ordinary temperature, although complete decomposition with the 
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formation of resinous products is caused by the action of solutions of 
alkalis or of alkaline carbonates. The compound can be crystallised 
from boiling glacial acetic acid, provided the quantity is limited to 
about half a gram. Boiling with this solvent causes some amount of 
decomposition, as shown by the evolution of nitrous fumes, but the 
loss is not serious if the scale of working is not too large. From the 
hot saturated solution, the compound separates on cooling in dense, 
ochreous prisms, the decomposing point of which was not determined on 
account of the highly explosive character of the substance. Analysis 
indicates that all the nitro-groups are retained : 


0°0574 gave 13°05 c.c. N, (moist) at 13° and 765 mm. N= 26°98. 
00574 ,, 13:23, N, 4, 4, 14° ,, 7643 mm. N=27°25. 
C,HO,N, requires N = 27°45 per cent. 


This quinonediazide couples with #-naphthol with extreme diffi- 
culty, a property which is probably due to the protective action of 
the 3- and 5-nitro-groups on the intermediate diazo-group. In the 
presence of pyridine or an alkali, an azo-compound is formed, but there 
is also further decomposition, due to the elimination of one of the 
nitro-groups, the mobility of which is increased by the proximity of 
the azo-naphthol complex. The azo-compound thus formed appears to 
be a mixture of extremely insoluble products, which will require 
further study before any definite conclusion concerning their nature 
can be drawn. 

The 3-nitro-group in the quinonediazide being in a favourable 
position for displacement, attempts were made to arrive at definite 
products by the substitution of other radicles for this group. Boiling 
with sodium acetate solution or with absolute alcohol brings about 
definite decomposition, the latter in a quite unexpected way. 


Dinitrohydroxyquinonediazide, 
OH 


\ /\ 
Ko oO ica (or the corresponding cross-linking). 
\7" 


No, 


r | 
N On / 
N,; Ny 
The trinitroccompound dissolves in a strong boiling solution of 
sodium acetate without any considerable evolution of nitrogen, and, 
on cooling, a dense, orange, crystalline sodium salt separates. The 
latter was collected, washed, redissolved in a small quantity of hot 
water, and acidified with hydrochloric acid. Large, golden scales 
separated on cooling, and these had all the properties of a quinone- 
diazide, being highly explosive and coupling readily with -naphthol 
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in presence of alkali. From this result it appears that the 3-nitro- 
group is more readily removed than the diazo-group: 

00614 gave 13-05 c.c. N, (moist) at 18° and 7671 mm. N=24°76. 

C,H,O,N, requires N = 24°78 per cent. 

The compound may have either of the above formule. Although 
the ortho-quinonediazide must be the first product resulting from the 
displacement of the 3-nitro-group, it may easily undergo isomeric 
transformation into the para-compound if the latter configuration is 
the more stable. In view of the explosive character of the compound, 
we are inclined to believe that it possesses the para-constitution, as 
the ortho-quinonediazides are not, as a rule, so highly explosive. 
It is, however, impossible at present to decide conclusively between 
these formule. 

The quinonediazide in a pasty and moist condition combines with 
B-naphthol dissolved in sodium hydroxide, giving a highly-coloured 
and dense, crystalline deposit of a sodium salt having a bronzy lustre, 
This salt can be collected and washed with a dilute solution of sodium 
hydroxide until free from excess of naphthol. The azo-compound, 
liberated by hydrochloric acid from the sodium salt, dissolves very 
sparingly in boiling glacial acetic acid, from which it separates on 
cooling in dull red needles, which begin to blacken about 240°, but do 
not melt at 320°. The azo-compound is phenolic in character, dis- 
solving in aqueous ammonia or very dilute sodium hydroxide with an 
indigo-blue colour, which changes to red on adding more sodium 
hydroxide. This colour change most probably indicates the formation 
of a disodium salt from a mono-sodium salt, as there are two hydroxyl 
groups in the molecule, and it seems unnecessary in such a case to 
introduce any hypothesis of structural change on the chemical evidence 
only. From its mode of formation. the compound must be an azo- 
naphthol derivative of 2 : 5-dinitroresorcinol : 

OH 
(wo, 
NO, OH ° 
/ N,°C,,H"OH(f) 
0°070 gave 8:95 c.c. N, (moist) at 13° and 759°7 mm. N=15'l. 
C,,H,,0;N, requires N = 15°14 per cent. 

Concentrated sulphuric acid dissolves the compound with a reddish- 
violet colour, which becomes redder, and finally gives an orange, 
gelatinous precipitate on dilution with water. It is probable that 
this same azo-compound is among the products of the action of the 
trinitroquinonediazide on B-naphthol in presence of alkali. 

The decomposition of the trinitroquinonediazide by boiling absolute 
alcohol leads to the formation of a compound the analysis of which 
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indicates that a nitro-group is replaced by the ethoxy-group. The 
study of this reaction is being continued. 


The cost of this research has been partly met by a grant from the 
Government Grant Fund of the Royal Society, a source of assistance 
which we have much pleasure in acknowledging. 
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CLV.—The Partial Racemism of Menthyl r-Mandelate. 


By ALEXANDER FinpLay and Evetyn Marion Hickmans, M.Sc. 


Ir has already been shown (Trans., 1907, 91, 905) from a study of the 
freezing-point curves of the /-menthyl ester of the mandelic acids that 
i-menthyl r-mandelate exists as a definite compound with the melting 
point 83°7°. It was of importance, therefore, to investigate the 
stability of the compound at lower temperatures, in order to ascertain 
whether the transition point below which the partial racemate would 
be unstable is sufficiently accessible to allow of the resolution of 
r-mandelic acid by crystallisation of the /-menthyl ester. 

The experiments of A. McKenzie (Trans., 1904, 85, 1255) indicated 
that the partial racemate is stable also at the ordinary temperature, 
but nothing was known as to how far the transition point might lie 
below this. For the investigation of this point, experiments based on 
fractional crystallisation, although frequently employed in other cases, 
are very unsuitable, owing to the possible occurrence of supersatura- 
tion, difference in velocity of crystallisation, etc. These factors may 
complicate, and apparently in some cases have complicated, the problem 
and led to false conclusions.* 


* In this connexion, reference may be made to a paper recently published by 
Professor Kipping (Trans., 1909, 95, 408), in which he points out that whereas, for 
example, d-hydrindamine 7-mandelate can be resolved by crystallisation from 
aqueous solution, the d/-hydrindamine d-mandelate could not be so resolved. This 
behaviour is considered as indicating the existence of partially racemic molecules in 
solution. Although the writer is also of opinion that racemic and partially racemic 
molecules can exist in the liquid state and in solution (compare Trans. Faraday 
Soc., 1907, 3, Part 2), he does not consider that this is of particular importance for the 
question of the resolution of a racemic compound by crystallisation. What is of 
importance is not what compounds exist in solution, but what solid substances can 
exist in equilibrium with the solution. Although, no doubt, the substances dA/B 
and ZAd@B (in the nomenclature of Professor Kipping) have the same solubility, the 
partially racemic compounds dA/B+dAdB and dAdB+J/AdB are two distinct com- 
pounds with their own solubility and stability conditions, including transition 
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The determination of solubility with the partially racemic material 
alone as solid phase, and again with the partially racemic material 
along with one of the optical antipodes as solid phases (equilibrators), 
gives a simple and sure method of attacking the problem (Roozeboom, 
Zeitsch. physikal. Chem., 1899, 28, 494). In this way one learns the 
conditions under which the partial racemate is stable, and resolution 
into the optical antipodes therefore impossible ; and the conditions 
under which the resolution can be effected. 

Solubility determinations have been carried out by Ladenburg and 
Doctor in the case of the strychnine tartrates (Ber., 1899, 32, 50), 
whereby they showed that strychnine r-tartrate exhibits a transition 
point at 30°, below which it is stable, but above which it breaks up 
into the strychnine salts of the optically active forms. Resolution 
therefore is possible only at temperatures above the transition point. 

Similarly, r-tetrahydroquinaldine hydrogen tartrate exhibits a 
transition point at 59°, and is stable above that temperature (Laden- 
burg and Herrmann, Ber., 1908, 41, 966. A summary of the work on 
partial racemism is given in Annalen, 1909, 364, 227). 

The method pursued by Ladenburg and Doctor in the former of the 
two cases mentioned was to determine the solubility curves of 
strychnine r-tartrate, strychnine d-tartrate, and strychnine /-tartrate 
separately, the transition point being indicated by a break in the 
curve. The picture of the relationships obtained in this way is, how- 
ever, incomplete, and it is better to determine a series of isothermal 
solubility curves with, in the first place, the partial racemate, and each 
of the optical antipodes as single solid phases ; and, in the second place, 
with the racemate together with each of the optical antipodes 
separately as solid phases. This method of investigation has been of 
the greatest value in the case of ordinary double salts, and it is the 
method which we have employed in the case of the menthyl mande- 
lates. The results obtained are all the more of interest on account of 
the fact that they constitute the first experimental values of the kind 
for partially racemic substances. 


temperature. Although, therefore, the former partial racemate may be unstable 
under the conditions of crystallisation employed by Professor Kipping, it does not 
follow that the latter partial racemate should also be so. Resolution, therefore, 
might be effected in the former but not in the latter case. Such resolution, however, 
would no doubt be effected by crystallisation at a suitable temperature, at which the 
latter partial racemate is also unstable. The temperature above or below which this 
instability occurs (the transition temperature) can, of course, be determined only by 
experiment, and it is greatly to be desired that this be done, most simply by the 
solubility method, as described in the present paper. The method of fractional 
crystallisation, even when the temperature is regulated, is not so suitable, and gives 
much less information. The temperature conditions, moreover, do not appear to 
have received sufficient consideration by Professor Kipping.—A. F. 
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EXPERIMENTAL. 


The esters employed were prepared as described in our previous 
paper (Joc. cit.). The specific rotations of the esters in alcoholic solu- 
tion were : 

l-Menthyl d-mandelate, [a]5’> — 9°45°. 
l-Menthy] /-mandelate, [ a];} — 140-92°. 
l-Menthyl 7-mandelate, [a]>* — 75°03°. 

The solubility was determined by shaking a quantity of the solvent 
with excess of the particular solid or solids until s*turation occurred, 
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Grams of 1-menthyl d-mandelate. 


A certain quantity of the solution was removed by means of a 
pipette furnished with a small filter, and weighed. It was then 
evaporated to dryness on the water-bath, and the total amount of 
dissolved ester thus obtained. Where one was not dealing with a 
single substance, the composition of the solution expressed in 
terms of the menthy] ester of the d- and /-antipodes was determined 
polarimetrically. 

In the case of the solubility determinations at 0°, however, the 
solution was prepared at the ordinary temperature, placed along with 
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a quantity of the appropriate solid in melting ice, and shaken fre- 
quently. These experiments were repeated several times until 
concordant values were obtained. 

The determinations were carried out at the temperatures 35°, 25° 
and 10°, using 80 per cent. alcohol (by volume: dj =0°8517) as 
solvent, and at 0°, using absolute alcohol as solvent. The results 
obtained are summarised in the following tables, and are represented 
graphically in the figure. 

In the following tables, D represents /-menthyl d-mandelate ; 
Z, l-menthy] /-mandelate ; and FR, /-menthyl r-mandelate. In almost 
all cases the values are the mean of two sufficiently concordant 
determinations. 


Solubilities at 35°. 


Solid phases. 
Total solid (in grams) in 10 
grams of solvent 
Weight of Z in 10 
of solvent 
Weight of D in 10 grams 
CE STEVEME ..csccsccsenses : 


Solubilities at 25°. 


Solid phases. ; L. 
Total solid (in grams) in 10 
grams of solvent 1°64 
Weight of Z in 10 grams 
of solvent 
Weight of & in 10 grams 
of solvent 


Solubilities at 10°. 


Solid phases. 
Total solid (in grams) in 10 
grams of solvent 
Weight of Z in 10 grams 
of solvent 595 0°184 
Weight of D in 10 grams 
of solvent 0° 0°184 


Solubilities at 0° (in absolute alcohol). 


Solid phases. Dd. ; R. D+. 
Total solid (in grams) in 10 
grams of solvent "06 "9% *25 1°45 
Weight of Z in 10 grams 
of solvent 
Weight of D in 10 grams 
of solvent 
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I. Solubilities at 35°. 


Solid phase: Z. 
(1). Solution, 6°7599 ; ester, 1°6031. 
(2). “2 4°1783; ,, 1°0085. 

Solid phase: D. 
Solution, 8°3763 ; ester 0°8183 


Solid phase: 2. 
(1). Solution, 8°5414 ; ester, 1°1675. 
(2). »»  8°4720; ,, 11842. 
Solid phases: L+ 2. 
(1). Solution, 8°7408 ; ester, 2°2449. 
(2). - 8°7500; ,, 2°2265, 
Rotation: (1). c=2°6995. al#® — 632°, [a] -117-06° 
(2). e=8°0105. al#3 -7°14°, [a]#3 -118°76 


Solid phases: D+ R. 


(1). Solution, 8° ; ester, 1°3319. 
(2). i ; 4, 1°3840. 


Rotation: (1). c=3°9555. all —3°74°, [a]'4 — 47 27°. 
2). = 4°0885. al4 -3°81°, [a)!4 -47°17°. 


Il. Solubilities at 25°. 


Solid phase: L. 
(1). Solution, 8°5947 ; ester, 1°2219. 
(2). »» 8°7410; +4, + 1°2182. 
Solid phase: D. 
(1). Solution, 8°5006 ; ester, 0°4739. 
(2). »»  8°4645; —,, 0°4799. 
Solid phase: BR. 
(1). Solution, 8°5344 ; ester, 0°6997. 
(2). = 85908; ,, 0°7163. 
Solid phases: + R. 
(1). Solution, 8°5757 ; ester, 1°0865. 
(2). “a 7°87382; ,, 1°0068. 
Rotation: (1). c=2°8095. alt -6°45°, [a]!# -—114°80°. 
(2). c=2°1055. als -5°01°, [a}i4 —118°9°. 


Solid phases: D+. 
Solution, 8°5476 ; ester, 0°9181. 


Rotation: ¢=2°7435. al} —2°45°, [aJ® - 44°65°. 


RACEMISM OF MENTHYL R-MANDELATE. 


IIT. Solubilitzes at 10°. 


Solid phase: Z. 
(1). Solution, 8°5887 ; ester, 0°4802. 
(2). “ 85310; ,, 0°4807. 
Solid phase: D. 
(1). Solution, 8°5732 ; ester, 0°2404, 
(2). ‘ 8°5878; ,, 0°2396. 
Solid phase: 2. 
(1). Solution, 8 4464 ; ester, 0°2960. 
(2). $a 8°5750; ,, 0°3102. 
Solid phases: L+ 2. 
(1). Solution, 8°6417 ; ester, 0°4781. 
(2). és 8°4806; ,, 0°4774. 
Rotation: (1). c=2°2585. al#5 —5-50°, [a]#> —121°76°. 
(2). c=2°2185. al86 —5-36°, [a]}36 —120°8°. 
Solid phases: D+ 2, 
(1). Solution, 8°6024 ; ester, 0°3300. 
(2). ss 8°5986; ,, 0°3374. 
Rotation: (1). ¢=1°5995. a2? —1°50°, [a}?? — 46°88°. 
(2). ¢=1°6300. alt —1°45°, [a]!4 — 44°49°. 


IV. Solubilities at 0°. 


Solid phase: Z, 
(1). Solution, 7°2929 ; ester, 1'1961. 
(2). ae 8°1149; ,, 1°2956. 
Solid phase: D. 
(1). Solution, 5°4192 ; ester, 0°5144. 
(2). » 4°7118; ,, 0°4622. 
Solid phase: R. 
(1). Solution, 7°2976 ; ester, 0°8273. 
(2). “ 4°6545; ,, 0°5072. 
Solid phases: 2+ 2. 
(1). Solution, 8°1281 ; ester, 0°0701. 
(2). ‘ 6°3897; ,, 0°8927, 
Rotation: (1). ¢=3°2315. alf -—6°14°, [a]’* -95-00°. 
(2). c= 4°4025. altS — 8°53°, [a]45 — 96°87°. 


Solid phases: D+ R. 
(1). Solution, 4°9148 ; ester, 0°6735. 
(2). “ws 7°9487; ,, 0°9271. 
Rotation: (1). ¢=3°2825. alt -3°79°, [a]}## -57°73°. 
(2), ¢=3°4015. alf? —3-95°, [aJ#2 — 58-06° 


On examining the solubility isothermals as shown in the figure, 
it will be seen that each isothermal consists of three parts, the inter- 
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mediate curve representing the composition of solutions in equilibrium 
with the partial racemate as solid phase. The existence of this inter- 
mediate curve therefore indicates that at all temperatures down to 0° 
the partial racemate is stable. It will therefore not be possible at 
temperatures above 0° to resolve r-mandelic acid by simple crystal- 
lisation of its /-menthyl ester. 

Crystallisation Experiments.—As the determination of solubility at 
temperatures below 0° is troublesome, we have sought to ascertain 
whether the transition point was nearly attained by carrying out a 
crystallisation experiment at about -— 15°. A solution of the partially 
racemic ester in absolute alcohol was prepared at the ordinary tempera- 
ture, and placed in a bath at about - 15°. After crystallisation of 
part of the dissolved solid had occurred, the mother liquor was drawn 
off, and the separated crystals were examined under the microscope. 
Only needle-shaped crystals were observed, and these were found to 
have arotation [a]; — 764° (/-menthy! r-mandelate has [a]* — 75-03°). 
If resolution had taken place, it was to be presumed that the less 
soluble /-menthyl d-mandelate would have separated out, and the 
mother liquor would therefore be relatively rich in /-menthyl 
Lmandelate. This apparently was not the case, for on evaporating 
the mother liquor to dryness and then determining the activity of 
the residue, the values found were [a]}* —74:11°, [a] —70-4°, and 


[a}y —71-41°. It appears therefore probable that even down to a 
temperature of — 15° the partial racemate is still stable, and resolution 
by crystallisation therefore impossible. 


CHEMICAL DEPARTMENT, 
UNIVERSITY OF BIRMINGHAM. 
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CLVI.—The Colour and Constitution of Azo-Compounds. 
Part IV. 


By Jonun TuroporE Hewitt and FrerpinanD BERNARD THOLE. 


In the development of the industry of the azo-dyestuffs it has been 
recognised for many years that an increased depth of tone, accompanied 
by a shifting of absorption towards the red end of the spectrum, can 
in many cases be conveniently effected by the substitution of con- 
stituents containing a naphthalene nucleus for those of simple 
benzenoid type, whilst a further change in the same direction may be 
attained by increasing the number of azo-groups, provided that these 
are arranged in a suitable manner. The present paper is concerned 
with the second of these problems, and only benzenoid compounds 
have been dealt with, but isomeric compounds of mixed type in which 
naphthalene and benzene nuclei are both present, but their positions 
in the chain have been interchanged, are under examination, and 
it is hoped that the results obtained will be shortly ready for 
publication. 

One of the authors of the present communication, in conjunction 
with H. V. Mitchell (Trans., 1907, 91, 1251) and J. J. Fox (ibid, 
1908, 93, 333), has already drawn attention to the manner in which 
a decrease in the principal vibration frequency of an azo-compound 
accompanies an increase in the length of chain of conjugated double 
linkings, and it appeared not at all improbable that in the case of 
non-sulphonated polyazo-compounds containing hydroxy] or alkylated 
amino-groups as “auxochromes,” considerable light might be thrown 
on the connexion between the increased length of chain of azo-groups 
and aromatic nuclei by a study of the substances themselves and their 
salts with mineral acids, 

A point arises as to the extent to which quinonoid structure is set 
up on salt formation, for it is evident from a consideration of the 
formule that in the case of substances like benzeneazobenzeneazo- 
phenol, the quinonoid configuration may confine itself either to the 
phenolic nucleus when a salt is formed by addition of a mineral acid 
(Formula II), or may extend further so as to embrace the second 
nucleus (Formula IIT): 


(L.) C,H,*N:N-C,H,:N:N-C,H,-OH. 
(I1.) O,H,-N:N-C,H,NH-N:0,H,:0<y., 


(IIL) O,H,-NH-N:C,H,:N-N:C,H,:0<y. 


VOL. XCV. 
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Should the effect of salt formation be to produce a salt of type III, 
it might be expected that treatment of the solution of benzeneazo- 
benzeneazophenol in concentrated sulphuric acid with nitric acid would 
lead to production of a nitrated compound of the formula 

NO,°C,H,°N:N-C,H,’N:N-C,H,°OH, 

whilst if the quinonoid structure only extended as far as the first 
benzene nucleus, either the middle benzene nucleus should undergo 
substitution, or possibly, owing to the para-position being already 
occupied, no definite result would be obtained. On carrying out 
experiments on the lines indicated, no satisfactory product of nitration 
could be isolated, so that one hesitates to draw any definite 
conclusion. 

Briefly, however, benzeneazobenzeneazodimethylaniline, itself a 
compound crystallising in purplish leaflets, and giving orange solutions 
in neutral solvents, yields a monohydrochloride the hydrochloric acid 
solution of which is of an intense blue colour. With concentrated 
sulphuric acid, a red solution is obtained, the substance evidently 
behaving as a polyacid base, for on adding water the blue colour 
is produced, whilst further dilution gives rise to an orange shade. 
That the latter is due to hydrolytic dissociation is evident, addition of 
ammonia producing no further colour change. The substance thus 
appears to be a weaker base than dimethylaminoazobenzene, the 
salts of which are stable with a relatively greater dilution of the 
acid. 

The solution of the corresponding benzeneazobenzeneazophenol in 
concentrated sulphuric acid is purple; possibly in this case only a 
monacid salt is formed, for, as will be seen later, the basic properties 
of this substance are very weak. 

The polyacid salts of azo-compounds have already engaged the 
attention of A. Korczyriski (Ber., 1908, 41, 4379), whilst more 
recently Hantzsch (ibid., 1909, 42, 2131) has drawn particular 
attention to the colour changes accompanying the conversion of 
benzeneazodimethylaniline into its mono- and di-acid salts. To com- 
pounds of the latter type Hantzsch assigns the general formula 

Ar'N,°C,H, NR,,HX 
HX . 
on account of the similarity of their absorption spectra to that 
of solutions of azobenzene in concentrated mineral acids. 


Benzeneazobenzeneazodimethylaniline, 


C,H,*N:N-C,H,'N:N-C,H,'N(CH,),- 


To prepare this substance, 9°8 grams of finely powdered aminoazo- 
benzene were mixed with 70 c.c. water and 19°5 c.c. concentrated 
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hydrochloric acid, a suspension of the hydrochloride being thereby 
obtained. Under addition of crushed ice and external cooling 
diazotisation was effected with 3°6 grams sodium nitrite in 20 c.c. 
water, and the solution filtered into 6 grams of dimethylaniline 
dissolved in 25 c.c. glacial acetic acid to which a little crushed ice had 
been added. The excess of mineral acid was removed by adding 
5 grams of crystallised sodium acetate, and after three hours the 
precipitate was collected. Crystallisation from pyridine furnished 
small purple crystals, melting constantly at 190° (uncorr.) : 

0°1214 gave 0°3241 CO, and 0:0640 H,O. C=72°38; H=5°9. 

00638 ,, 115 c.c. N, at 20° and 763 mm. N=21°2. 

C,,H,,N, requires C=72°9; H=5°8 ; N=21°3 per cent. 

Hydrochloride, C,,H,,N,;,HCl.—As previously mentioned, the base 
dissolves in concentrated sulphuric acid with a red colour which 
passes into blue on dilution, whilst with the most concentrated hydro- 
chloric acid only blue solutions were obtained. In the latter, the 
head of the band in the visible part of the spectrum corresponds with 
an oscillation frequency of about 1760. The red sulphuric acid 
solution evidently corresponds with the orange “azo-salt” of Hantzsch 
(loc. cit.) in the case of dimethylaminoazobenzene, so that it would 
appear that whilst the latter compound is sufficiently basic to give a 
di-acid “ azo-salt”’ with concentrated hydrochloric acid, the intro- 
duction of a benzeneazo-group in place of hydrogen has considerably 
weakened the basic properties. The isolation and analysis of the 
hydrochloride being eminently desirable, 0°5 gram of the substance 
was boiled with 20 c.c. of alcohol and 5 c.c. of hydrochloric acid, the 
solution filtered, and slowly concentrated in a desiccator containing 
sulphuric acid. The resulting crystals showed a fine metallic reflex : 


0°1553 gave 0°0599 AgCl. Cl=9°5. 

C.)HN,Cl requires Cl = 9°4 per cent. 

The salt gradually loses hydrogen chloride on keeping and falls 
to a brown powder; this behaviour is to be expected when one con- 
siders the ease with which the salt is hydrolysed in aqueous solution. 

An attempt to make a dibrominated derivative starting with the 
dibromoaminoazobenzene (C,H,N,: Br: NH,: Br=1:3:4:5) melting 
at 168° (Berju, Ber., 1884, 17, 1403; Hewitt and Walker, Trans., 
1907, 91, 1138) failed, owing to inability to diazotise the amine, 
even when treated in alcoholic suspension with concentrated sulphuric 
acid and amyl nitrite and kept overnight. This observation is 
thought to be worthy of record, since 2 : 4 : 6-tribromoaniline, although 
difficult to diazotise, is attacked by nitrous acid. Although the hope 
of examining such a negatively substituted derivative had to be 
abandoned, a higher homologue has been prepared. 

4y¥ 2 
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o- Tolueneazo-0-tolueneazodimethylaniline, 
C,;H,Me-N:N-C,H,Me-N:N-C,H,*NMe,. 


This substance was prepared from the aminoazotoluene described by 
Nietzki (Ber., 1877, 10, 662). Instead of preparing it by the original 
method of leading nitrous fumes into o-toluidine, a process was adopted 
analogous to that usually employed in the preparation of aminoazo- 
benzene, and the substance was obtained with constant melting point 
without recrystallisation. The diazotisation of the aminoazo-compound 
and coupling with dimethylaniline was effected in the same manner as 
described for the lower homologue, except that a large bulk of water 
has to be used for the solution of the tolueneazotolyldiazonium salt. 
The resulting dimethylamino-compound was crystallised from benzene ; 
it melts at 138° (uncorr.) : 

0°1329 gave 0°3584 CO, and 0:0806 H,O. C=74:1; H=6°6. 

0:1204 , 20-0c.c. N, at 17° and 766mm. N=19. 

C,.H,,N, requires C= 73°95; H=6'44; N=19-61 per cent. 

The solutions in sulphuric and hydrochloric acids show exactly the 
same behaviour as those of the lower homologue. 

Hydrochloride, C,.H,,N,,HCl.—This salt was prepared in the same 
way as used for benzeneazobenzeneazodimethylaniline hydrochloride : 

0°1916 gave 0°0669 AgCl. Cl=8°6. 

C,.H,,N;,HCl requires Cl= 9-0 per cent. 

Benzeneazobenzeneazophenol, C,H,*N:N-C,H,*N:N-C,H,-OH.—This 
compound, which has already been prepared by Caro and Schraube 
(Ber., 1877, 10, 2230), was obtained in the usual manner from 
diazotised aminoazobenzene and phenol : 

0°1328 gave 20°2 c.c. N, at 16° and 776 mm. N=18'4. 

C,,H,,ON, requires N= 18°5 per cent. 

The azophenol dissolves in concentrated sulphuric acid with a purple 
colour ; the head of the absorption band in the visible spectrum of such 
a solution corresponds with an oscillation frequency of about 1860 ; the 
sulphate has not been isolated. ‘The solubility in concentrated hydro- 
chloric acid is very slight and the solution has an orange tint, so that 
it is possible that the salt may be largely hydrolysed even in presence 
of large quantities of the acid. 

Unfortunately the monohydrochloride could not be prepared by the 
usual method of passing hydrogen chloride into a benzene solution of the 
azophenol, since the latter is nearly insoluble in the cold hydrocarbon. 
Hydrogen chloride was, therefore, led for several hours over a paste 
of the azophenol with glacial acetic acid ; the mass was then trans- 
ferred to porous earthenware and dried in an atmosphere of hydrogen 
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chloride. The freshly prepared salt seems to have been formed by 
absorption of two molecules of acid (compare Korczynski, loc, cit.) : 
0°1522 gave 0:1085 AgCl. Cl=17°62. 
C,,H,,ON,,2HCl requires Cl= 18°88 per cent. 
C,,H,,ON,,HCl a Cl = 10°52 - 

Hydrogen chloride is gradually lost on standing, salt which had 
been kept for four days in a corked specimen tube containing only 
14:33 per cent. of chlorine. It is evident that the second molecule is 
rather loosely combined. 


Acetyl Derivative. 


Two grams of the azophenol were boiled for three hours with 
30 grams of acetic anhydride. The solution was poured into hot 
dilute alcohol and the precipitated acetyl derivative crystallised from 
glacial acetic acid. Both before and after the latter operation, the 
same melting point, 178° (uncorr.), was observed : 

0'1433 gave 19°1 cc. N, at 15° and 775 mm. N=16'2. 

C,)H,,0.N, requires N = 16:3 per cent. 


East Lonpon COLLEGE. 


CLVIL—The Quantitative Decomposition of the 
Anilides: a Study in Steric Influence. 


By Otiver Caries Minty Davis. 


THE investigation here described was undertaken with the primary 
object of measuring the quantitative effect of the orientation of a 
compound on its chemical reactivity, and incidentally to notice the 
influence of various substituent groups and elements on this reactivity. 
There are at least three ways in which stereo-configuration may 
influence a chemical reaction : 

(1) When no side-reaction takes place the effect is to bring about 
differences in the rate of reaction ; in very extreme cases no appreci- 
able quantity of end product would be obtained within a reasonable 
time, and such a slow reaction would be regarded for practical purposes 
as not occurring at all. 

(2) When side-reactions are possible and the original main reaction 
is very much retarded, obviously the chief end products would be 
those due to one or more of these side-reactions. The quickest of the 
possible reactions would in all cases be the one securing the most of 
the initial substance, and thus producing the predominant end product. 
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These original side-reactions might thus be unaltered, or even favoured 
by the new stereo-configuration, and so the practical result would be 
the formation of new end products. 

(3) There is another possible way in which stereo-configuration 
might exert an important influence essentially distinct from mere 
retardation or acceleration of rate of reaction. This is the effect on 
the chemical affinity of the substance. Little or no work has been 
done in this field, for it is evident that measurements of rates of 
reaction afford no satisfactory evidence in regard to affinity relation- 
ship. 

The only methods of investigating this effect on the chemical 
affinity is the determination of the position of equilibrium, or the 
measurement of the corresponding electromotive force. 

The present paper contains the results of the kinetic measurements 
of the anilides in the presence of a small excess of alkali. Here it 
was found that the decomposition was practically quantitative. 
Further work is being carried out in acid systems to determine the 
static equilibria 

EXPERIMENTAL. 


The majority of the compounds used could not be obtained 
commercially, and it was necessary to prepare and purify them. 

The nitro-compounds were recrystallised from alcohol, but in the 
other cases water proved the most suitable solvent ; the only liquid 
member is formo-m-toluidide, which was obtained in a state of purity 
by distillation in a vacuum. 

The following analytical data were obtained for those compounds 
which had not been previously prepared. 

m-Chloroformanilide, m. p. 57—58°. 

0:2650 gave 22:0 c.c. N, (moist) at 21° and 740 mm. N=9°2. 

C,H,ONCI requires N = 9-0 per cent. 
m-Chloropropionanilide, m. p. 88—89°. 

02940 gave 20°0 c.c. N, (moist) at 19° and 756 mm. 

C,H,,ONCI requires N =7°6 per cent. 
n-Butyro-0-toluidide, m. p. 79—80°. 

0°233 gave 16-00 c.c. N, (moist) at 15° and 762 mm. 

C,,H,,ON requires N =7°9 per cent, 
n-Butyro-p-toluidide, m. p. 74—75°. 

0°255 gave 18°00 c.c. N, (moist) at 16° and 761 mm. 

C,,H,,ON requires N =7°9 per cent. 


DECOMPOSITION OF THE ANILIDES. 


Method of Experiment. 


It was impossible to carry out the experiments at a low temperature 
on account of the slight solubility of many of the members of 
the series under examination. The following method was found to 
give the most concordant results when several control experiments 
were carried out ; hence it was adopted throughout. 

A definite weight of the anilide (1/400th gram molecule) was care- 
fully washed into a Jena-glass flask with 50 c.c. of distilled water.* 
Twenty-five c.c. of W/5-sodium hydroxide, free from carbonate, were 
then added, and the flask fitted with a reflux condenser, the inner tube 
of which was of Jena glass. The flask was then boiled over wire 
gauze and a Bunsen flame. At the end of definite periods the boiling 
was stopped, and the whole contents of the flask titrated with 1/10- 
sulphuric acid, using phenolphthalein as indicator. 

It was found necessary to make a correction for alkali dissolved 
from the flasks by the boiling solutions. By allowing 0:1 ¢.c. of V/10- 
alkali for each hour’s boiling, this source of error is reduced to a 
minimum. To avoid it entirely, for those experiments involving pro- 
longed boiling, a flask made of fine silver was used ; the condenser was 
also provided with a tube containing solid potassium hydroxide, to 
prevent access of carbon dioxide. 


Formula used to express Rate of Hydrolysis. 


The results of the experiments demonstrated that the velocity of the 
reaction is proportional to the concentration of the free alkali, as well 
as to that of the undecomposed anilide present. Hence X is calculated 
according to the bimolecular formula : 

sr a (b-2x) 
nT i= a) °F 6 (a=2) 
in which the time ¢ is expressed in hours; all concentrations are 
expressed in gram-molecules per litre, and Napierian logarithms are 
employed. The original concentration of the anilide is a, and that of 
the alkali, 6 (always made twice as great). 

« is the amount of anilide which has been decomposed up to 
any given time ¢. 

This formula does not strictly apply unless all the anilide is present 
in solution from the commencement of the reaction. In all cases not 
specially mentioned in the tables several minutes only were required 
for complete solution. 

* In experiments of short duration, the solution was raised to boiling point before 


adding the standard alkali. Unless otherwise stated, the solution of anilide was 
rapid and complete. 
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Initial incomplete solution would tend to lower the value of the 
earlier constants in each series, but would not so seriously affect 


the later ones. 
In the few cases in which a fraction of the anilide remained 


undissolved throughout the duration of the experiment, the results 
were, nevertheless, calculated according to the same formula. 


General Conclusions. 


Influence of the Methyl Group.—The stability of the anilides 
increases with progressive introduction of methyl groups into the 
acidic group, and is greater when the anilide is derived from an “iso” 
acid. 

This is well shown in the following table : 


Time for 
50 per cent. 
Number of decomposition, K 
Compound. measurements, in hours. (average). 
*Formanilide ............ 0°14 87°1 
*Acetanilide 3°79 3°20 


Propionanilide 6°3 1°93 
n-Butyranilide 13°0 0°934 
dsoButyranilide 30°7 0°395 
n-Valeranilide 18°5 0°656 
isoV aleranilide 92°7 0°131 
* Throughout the tables, an asterisk is placed against the names of all the 
anilides the decomposition of which was actually followed up to more than 98 per 
cent. The time for 50 per cent. decomposition is calculated from the constant. 


In the case of the valeranilides solution was incomplete throughout ; 
hence only a few experiments were performed. 

Only two cases were examined in which the “imidic” hydrogen was 
replaced by alkyl groups. Methylacetanilide is less resistant to alkalis 
than acetanilide, whereas ethylacetanilide is far more resistant. The 
greater instability of methylacetanilide is probably due to the fact 
that it is the first member of a series, and hence apt to behave 


anomalously. 
Time for 
50 per cent. 
Number of decomposition, K 
Compound. measurements. in hours. (average). 
*Acetanilide 3°79 3°20 
*Methylacetanilide 3°16 3°84 
Ethylacetanilide 13-00 0°94 


The effect of the methyl group when introduced into the benzene 
nucleus may be very great, or almost negligible, according to the 
position it occupies. In all cases where the ortho-position is concerned, 
the result is a very great diminution in the velocity of hydrolysis. 
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The influence of the meta- and para-substituents is much less 
noticeable, and is greatest in the case of the formotoluidides (where, 
owing to short duration of experiments the errors are apt to be large), 
and in those compounds where complete solution was not obtained 


throughout the experiments. 
Time for 
50 per cent. 
Number of — decomposition, K 
Compound. measurements. in hours. (average). 
*Formanilide 0°14 87°1 
*Formo-o-toluidide 0°36 33°9 
*Formo-m-toluidide 0°16 74°6 
*Formo-p-toluidide 0°14 82°9 
* Acetanilide 3°79 3°20 
Aceto-o-toluidide 17°16 0°709 
* Aceto-m-toluidide 3°89 3°14 
* Aceto-p-toluidide 7 3°90 3°11 
Propionanilide 6°29 1°93 
Propio-o-toluidide 30°36 0°400 
Propio-m-toluidide 6°42 1°89 
Propio-p-toluidide 6°57 1°85 
n-Butyranilide 13°02 0°934 
n-Butyro-o-toluidide ... 58°66 0207 
+n-Butyro-p-toluidide ... 18°53 0°656 
dsoButyranilide 30°68 0°395 
tsoButyro-9-toluidide ... 125°71 0°096 
tisoButyro-m-toluidide.. 41°90 0°290 
ttsoButyro-p-toluidide ... 44°01 0°276 


t Solution not quite complete. 


approxi- 
mately 


Effect of Chlorine. 


In the ortho- and para-positions the influence of chlorine is very 
slight, and may either increase or retard hydrolysis. The apparent 
inhibitory action of chlorine in the para-position in acetanilide and 
propionanilide is probably due to the fact that these compounds take 
longer to dissolve than the ortho- and meta-isomerides. 


Time for 
50 per cent. 
Number of decomposition, K 
Compound. measurements. in hours. (average). 

*Formanilide 0°14). 87°1 
*o-Chloroformanilide 0°13 
*m-Chloroformanilide ... 0°14 
*p-Chloroformanilide . 0°13 

Acetanilide 3°79 
*o9-Chloroacetanilide 3°91 
*m-Chloroacetanilide ... 3°74 

p-Chloroacetanilide 4°00 

Propionanilide 6°29 

o-Chloropropionanilide. 5°87 

m-Chloropropionanilide 5°87 

p-Chloropropionanilide. 8°00 


_ 
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Effect of Bromine. 


Only one series of bromine derivatives was examined, namely, the 
bromoacetanilides. This substituent has very slight effect on the rate 
of hydrolysis when in the ortho- and meta-positions. The apparent 
diminution in the velocity of decomposition brought about by the 
introduction of bromine in the para-position is probably due to the 
fact that it dissolves less rapidly than its isomerides (compare 
p-chloroacetanilide and p-chloropropionanilide). 


Time for 
50 per cent. 
Number of decomposition, K 
Compound. measurements, in hours. (average). 
*Acetanilide ........ ... 11 3°79 3°20 
o-Bromoacetanilide ... 7 3°74 3°31 
m-Bromoacetanilide ... 7 3°70 3°28 
p-Bromoacetanilide ... 7 4°09 2°97 


Effect of the Nitro-group. 


The introduction of a nitro-group into the benzene nucleus has 
invariably an accelerating effect on the velocity of decomposition. 
With the formanilide derivatives the result is identical whether this 
group occupies the ortho- or para-positions, but with acetanilide and 
benzanilide derivatives the influence is greatest when the substituent 
group occupies the ortho-position, and next in magnitude when the 
para-position is concerned. In all cases the meta-substituent has an 
intermediate effect. 


Time for 
50 per cent. 
Number of decomposition, 4 
Compound. measurements. in hours. (average). 

*Formanilide ............ 6 0°14 87°1 
*9.Nitroformanilide ... Complete decomposition within 5 minutes. 
*m-Nitroformanilide ... 3 0°10 118°9 
*p-Nitroformanilide ... Complete decomposition within 5 minutes, 
* Acetanilide............... 11 3°79 3°20 
*o9-Nitroacetanilide...... 1 Within 5 minutes 

m-Nitroacetanilide ... 7 y 5°45 
*y-Nitroacetanilide...... 1 Within 5 minutes 

Benzanilide ............ Too insoluble for experiment. 
*9-Nitrobenzanilide ... 2 0°22 55°3 
*p-Nitrobenzanilide ... 4 0°92 13°13 


Effect of Methoxy- and Ethoxy-groups. 


The introduction of these groups into the benzene nucleus has a 
very similar effect in both cases. When substituted in the ortho- 
position the result is to produce a considerable decrease in the 
magnitude of the velocity constant, but the decrease is much smaller 


= 


ACYL DERIVATIVES OF ALDEHYDE-CYANOHYDRINS. 1403 


than in the case of the methyl group. There is also a slight decrease 
in the rate of decomposition when these groups occupy the meta- 
position, but when in the para-position a slight increase in the 
magnitude of the constant is observed in both cases. 


Time for 
50 per cent. 
Number of decomposition, K. 
Compound. measurements. in hours. (average). 
*Acetanilide...... ....... 11 3°79 3°20 
*Aceto-o-anisidide .. ... 7 5°50 2°28 
Aceto-m-anisidide...... 6 4°24 2°86 
Aceto-p-anisidide ...... 6 3°57 3°40 
Aceto-o-phenetidide ... 7 5°33 2°34 
Aceto-m-phenetidide .. 6 4°19 2°90 
Aceto-p-phenetidide ... 6 3°79 3°28 


The result of this investigation is to show conclusively that the 
main effect of the introduction of substituent elements or groups into 
the anilide molecule is to bring about differences in the magnitude of 
the constants expressing the velocity of hydrolysis. 

The numerous prolonged experiments carried out with the aid of a 
silver flask show that, so far as can be experimentally determined 
under the conditions chosen, complete decomposition could be brought 
about in all cases investigated. In eighteen instances the decomposi- 
tion actually amounts to 100 per cent., and in those cases where this 
degree of hydrolysis has not been attained, there is no indication of 
an equilibrium, as the constants do not fall off perceptibly towards 
the end. 


CHEMICAL LABORATORY, 
UNIVERSITY OF BRISTOL. 


CLVIII.—Preparation of the Acyl Derwatives of the 
Aldehyde-cyanohydrins. Part I. 


By Francis Francois and Ouiver CuarLes Minty Davis. 


One of the authors, whilst investigating some reactions of the aldehyde- 
cyanohydrins, found that benzaldehyde readily gave a quantitative 
yield of benzoylmandelonitrile when treated with benzoyl chloride in 
the presence of an aqueous solution of potassium cyanide. As deriv- 
atives of this type do not appear to have been previously described, 
the reaction was investigated further, and it has been found that a 
corresponding change takes place with other aromatic aldehydes ; only 
a few experiments were made with those of the aliphatic series, but 
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here also the behaviour was similar. Sufficient data have been 
collected to show that the decomposition may be generalised and 
expressed as follows : 

R:CHO + Ph*COCl + KCN —>» R:CH(OBz)-CN + KCl. 

Moreover, experiments carried out with the acid chlorides of anisic, 
m-nitrobenzoic, cinnamic, and phthalic acids, and also with ethyl chloro- 
formate and benzenesulphonyl chloride, have shown that a general 
method has been found for the formation of the acyl derivatives of the 
aldehyde-cyanohydrins. 

It seems probable that the first phase of the reaction consists in the 
formation of cyanohydrins by the interaction of the aldehyde and 
aqueous cyanide solution, and then, in the presence of the resulting 
free alkali, these react in the ordinary manner with the acid chloride 
to form acyl derivatives. 

This view of the course of the reaction is borne out by the formation of 
the benzoyl derivatives of benzaldehydecyanohydrin and anisaldehyde- 
eyanohydrin by the interaction of benzoyl chloride and the correspond- 
ing cyanohydrin in the presence of aqueous potassium hydroxide, the 
resulting substances being identical with those prepared from the 
aldehyde direct by means of benzoyl chloride and cyanide solution. 

Preliminary experiments have shown that the method employed may 


be of importance in the preparation of other types of derivatives, and 
that, besides potassium cyanide, other hydrolysed salts may be utilised. 
Investigations are now proceeding, and these, together with the 
detailed description of some of the substances mentioned in this paper, 
will be left for a further communication. 


EXPERIMENTAL. 
Preparation of Benzoyl Derivatives. 


Benzoylmandelonitrile, CHPh(OBz)*CN.—The calculated amounts of 
benzaldehyde and benzoyl chloride are shaken with an aqueous solution 
of potassium cyanide containing about 2 per cent. more than the 
amount required for the reaction. If large amounts are taken it is 
necessary to cool the flask in which the operation is carried out ; after 
shaking vigorously for a few minutes the solid benzoyl derivative 
separates out, and is obtained pure and in quantitative yield by 
crystallisation from alcohol, from which it crystallises in well-formed 
needles melting at 63—64°. The substance is soluble in the ordinary 
organic solvents, and is not decomposed by prolonged boiling with 
dilute hydrochloric acid : 

0°2164 gave 0°5986 CO, and 0:906 H,O. C=75-44; H=4-64. 

0216 ,, 10-4cc. N, (moist) at 13° and 759mm. N=5-68. 

C,,;H,,0,N requires C=75°94; H=4:64; N=5-90 per cent. 
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A molecular weight determination by the ebullioscopic method 
using benzene as solvent gave the following result : 

Substance. Solvent. E. M.W. 
1°105 31°1 0°4° 238 
C,;H,,0.N requires M. W. = 237. 

The substance obtained from the interaction of mandelonitrile and 
benzoyl! chloride in the presence of aqueous potassium hydroxide was 
identical with the above; it melted at 63° and an analysis gave 
N =5°94 per cent. 


Benzoyl-p-methoxymandelonitrile, OMe*C,H,*CH(OBz)-CN. 


The method employed for the preparation of this derivative was, 
using anisaldehyde in place of benzaldehyde, identical with that 
previously described. The substance crystallises from alcohol in clear, 
colourless plates melting at 66—67° : 

0°1998 gave 0°5244 CO, and 0°0894 H,O. C=71:58; H=4:97. 

05002 ,, 22-4 cc. N, (moist)‘at 16° and 744mm. N=5'10. 

0°2623 ,, 0°2295 Agl OMe=11°55. 

C,,H,,0,N requires C= 71°91 ; H=4'86 ; N=5-2 ; OMe=11°61 percent. 

A molecular weight determination by the ebullioscopic method, 
using benzene as solvent, gave the following result : 

Substance. Solvent. E. M.W. 
1°1985 31°9 0°375° 267 
C,gH,;03N requires M. W. = 267. 

A compound identical with the above (melting at 67° and containing 
5°32 per cent. of nitrogen) was obtained by the action of benzoyl 
chloride on p-anisaldehyde-cyanohydrin in the presence of aqueous 
potassium hydroxide. 


Benzoyl-o-methoxymandelonitrile, OMe:C,H,(OBz)-CN. 
A small yield of this derivative was obtained from o-methoxy- 
benzaldehyde. On recrystallisation from alcohol it melted at 87 88° 


0°4462 gave 20°2 c.c. N, (moist) at 17° and 754mm, N=5-21. 
C,;H,,0,N requires N = 5:2 per cent. 


Benzoyl-p-tolylglycolionitrile, C,H,Me*CH(OBz)-CN. 


A quantitative yield of this substance was obtained from p-tolualde- 
hyde. On recrystallisation from alcohol it melted at 55—56° : 
0°4984 gave 24-2 c.c. N, (moist) at 16° and 741 mm. N=5'53. 
C,,H,,0,N requires N = 5:57 per cent. 
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Benzoylcwmylglycollonitrile, CHMe,*C,H,*CH(OBz)-CN. 
This derivative, prepared from cuminaldehyde, crystallises from 
alcohol in needles melting at 68—69°: 
0°2239 gave 0°638 CO, and 0°128 H,O. C=77°71; H=6:'3. 
03580 ,, 15:6 c.c. N, (moist) at 16° and 750mm. N=5-00. 
C,,H,,O,N requires C=77°41 ; H=6:09; N=5-01 per cent. 


a-Benzoyloxy-y-phenylisocrotononitrile, CHPh:CH-CH(OBz)-CN. 


Prepared from cinnamaldehyde ; melts at 72—73° on crystallisation 
from alcohol : 
0°2271 gave 0°6520 CO, and 0:108 H,O. C=78:2; H=5-2. 
0517 ,, 244... N, (moist) at 18° and 736mm. N=5-27. 
C,,H,,0,N requires C=77°6 ; H=4:°9; N=5-3 per cent. 


Benzoyloxyhomopiperonylonitrile, CH,:O,:C,H,°CH(OBz)-CN. 

In the case of piperonal the reaction led to the production of an 
oily substance from which the above derivative, melting at 57°, was 
isolated by washing with a small amount of ether and crystallisation 
from alcohol : 

0°452 gave 19°6 c.c. N, (moist) at 20° and 766 mm. N=5°0. 

C,,H,,0,N requires N = 4°98 per cent. 


p-Chlorobenzoylmandelonitrile, C,H,Cl-CH(OBz)-CN. 


This derivative, prepared from p-chlorobenzaldehyde, was isolated by 
the method described in the previous case, and on crystallisation from 
alcohol melted at 57—58° : 

0°59 gave 26:1 c.c. N, (moist) at 12° and 748 mm. N=5'16. 

C,,H,,O,NCl requires N = 5°15 per cent. 


Benzoyl-B-naphthylglycollonitrile, C,,H,"CH(OBz)-CN. 

When £-naphthaldehyde was employed and the reaction carried out 
as previously described, only a small quantity of a red insoluble 
substance was obtained. On crystallisation from nitrobenzene it melts 
at 239° and from the analysis appears to be similar to the other 
derivatives of this class : 

0°175 gave 0°506 CO, and 0°067 H,O. C=78°'86; H=4:2. 

C,,H,,0,N requires C=79°4; H=4°5 per cent. 
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Trichlorobenzoyllactonitrile, CC],*CH(OBz)-CN. 


When chloral is dissolved in water containing the necessary amount 
of potassium cyanide and treated with benzoyl chloride, a white, 
semi-solid mass slowly separates; on crystallisation from a mixture 
of alcohol, water, and ether, a 50 per cent. yield of the derivative is 
obtained. It is very soluble in the ordinary organic solvents, insoluble 
in water, and melts at 40—41°: 

0564 gave 24°8 c.c. N, (moist) at 18° and 759 mm. N=5-07. 

0608 ,, 093 AgCl Cl=37°8. 

C,,H,O,NCI, requires N =5:02 ; Cl= 38-24 per cent. 


Preparation of Anisoyl Derivatives. 
p-Anisoylmandelonitrile, CHPh(O-CO:C,H,*OMe):-CN. 


Anisoyl chloride can replace benzoyl chloride and the reaction is 
carried out in a similar manner to that previously described. The 
mandelonitrile derivative may be obtained pure by crystallisation from 
alcohol and melts at 58—59° : 

0555 gave 26:0 c.c. N, (moist) at 16° and 748 mm. N=5-37. 

C,,H,,0,N requires N = 5°26 per cent. 


p- Anisoyl-p-methoxymandelonitrile, 
OMe:C,H,°CH(0°CO-C,H,-OMe)-CN. 
This was prepared from anisaldehyde and crystallised from alcohol ; 
it melts at 69—70°: 


0:2570 gave 10°6 c.c. N, (moist) at 12° and 759 mm. N=4°88. 
C,,H,,0,N requires N =4°71 per cent. 


Preparation of a Phthalyl Derivative. 
Phthalylmandelonitrile, CN*-CHPh-O-CO-C,H,-CO-O°CHPh:CN, 


This compound was prepared from benzaldehyde in « similar manner 
to the previous derivatives by using phthalyl chloride; after 
crystallisation from a mixture of benzene and light petroleum it melts 
at_ 120°: 

0°212 gave 0°0826 H,O and 0'5606 CO,. C=72:12; H=4°33. 

0154 ,, 9°4¢.c. N, (moist) at 21° and 765mm. N=6°99, 

C,,H,,0,N, requires C= 72°72 ; H=4°04; N=7-1 per cent. 
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Preparation of Cinnamoyl Derivatives. 
Cinnamoylmandelonitrile, CHPh(O-CO-CH:CHPh)-CN. 


A good yield of this derivative is obtained by the action of 
cinnamoyl chloride on benzaldehyde in the presence of aqueous 
potassium cyanide; when crystallised from dilute alcohol it melts at 
47—48°: 

0°486 gave 23°2 c.c. N, (moist) at 17° and 755 mm. N=5°5. 

C,,H,,0.N requires N = 5°32 per cent. 


Cinnamoyl-p-methoxymandelonitrile, 
OMe-C,,H,-CH(O:CO-CH:CHPh)-CN. 

A small yield of this substance, melting at 86—87°, was obtained by 
treating the oily products of the reaction from anisaldehyde with 
ether and crystallising the residue from alcohol : 

0519 gave 21°6 c.c. N, (moist) at 16° and 752 mm. N=4'8, 

C,,H,,O,N requires N = 4°77 per cent. 


-Preparation of m-Nitrobenzoyl Derivatives. 
m-Nitrobenzoylmandelonitrile, CHPh(O-CO-C,H,:NO,).CN. 


The reaction was carried out at a temperature between 40° and 50°, 
employing m-nitrobenzoyl chloride, and the derivative, when crystal- 
lised from ether, melts at 83—84° : 

0:2575 gave 23°2 c.c. N, (moist) at 21° and 760 mm. N=10°21. 

C,;H,,0,N, requires N =10-0 per cent. 


m-Nitrobenzoyl-p-methoxymandelonitrile, 
OMe:C,H,*CH(O-CO-C,H,:NO,)°CN. 
This derivative, prepared from anisaldehyde, on crystallisation from 
boiling alcohol melts at 129—130°: 
0°338 gave 26-4 c.c. N, (moist) at 14° and 757 mm. N=9°15. 
C,,H,,0,N. requires N = 9-0 per cent. 


Preparation of a Benzenesulphonyl Derivative. 


Benzenesulphonylmandelonitrile, CHPh(O°SO,Ph):CN. 


Benzenesulphony! chloride is shaken with benzaldehyde and an 
aqueous solution of potassium cyanide ; the resulting derivative is 
recrystallised from dilute alcohol and ether, and melts at 66°. On 
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keeping, it undergoes decomposition, the only case yet observed among 
the substances described in this paper : 
06185 gave 27 c.c. N, (moist) at 20° and 758 mm. N=4:97. 
C,,H,,0,NS requires N = 5:13 per cent. 


Preparation of a Carbethoxy-derivative. 
Carbethoxymandelonitrile, CHPh(O-CO,Et)-CN. 


When the calculated amounts of benzaldehyde, ethyl chloroformate 
and aqueous potassium cyanide are shaken together and the tem- 
perature kept low, a heavy oil separates. This is extracted with 
ether, washed with dilute aqueous potassium hydroxide and then 
with water, and dried. On evaporating the ether, the oil distilled 
unchanged at 210—212°/90 mm., and was obtained in quantitative 
yield : 

0°2177 gave 0510 CO, and 0°1115 H,O. C=63:'7; H=5°6. 

04895 ,, 30:2 cc. N, (mojst) at 21° and 762 mm. N=7-04. 

C,,H,,0,N requires C= 64:39; H=5°36; N =6°82 per cent. 


THE CHEMICAL DEPARTMENT, 
THE UNIVERSITY, BRISTOL. 


CLIX.—The Carbonates of Copper and the Cupri- 


carbonates. 


By SpeNcER UMFREVILLE Picxerinc, M.A., F.R.S. 


CoprEr carbonate dissolved in ammonia or in ammonium carbonate 
has been used for many years as a fungicide, and, more recently, 
the mixture obtained by adding sodium carbonate to copper 
sulphate has been advocated for the same purpose, notably by the 
Department of Agriculture and Technical Instruction for Ireland, 
and by various colonial authorities. This mixture is known as 
Soda Bordeaux. What the compound present in it is, appears, 
however, to be somewhat uncertain, for much of our knowledge of 
the carbonates of copper depends on work of rather ancient date, 
although the subject has been approached by several recent 
investigators in dealing with the double carbonates of copper and 
the alkali metals. What is known on the subject may be briefly 
summarised as follows: 

The normal carbonate, CuO,CO,, has not been isolated, but 
probably exists in solution to the extent of one part in 
4000—5000 of aqueous carbonic acid under several atmospheres’ 
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pressure (Wagner, J. pr. Chem., 1867, 102, 235). Gay-Lussac 
(Traité de Chimie, Pelouze et Frémy, III, 1023) states that it 
constitutes the black mineral, mysorin; but this is now known to 
be a basie carbonate. 

The green dicupric salt, 2CuO,CO,,H,O, identical with malachite, 
is the ordinary copper carbonate of commerce, and is prepared by 
the action of alkaline carbonates on copper sulphate. The blue 
precipitate obtained initially in this reaction was stated by 
Brunner (Pelouze et Frémy) to be malachite in a different state 
of hydration, but, as will be shown below, the primary precipitate 
consists of another basic carbonate, which becomes converted into 
malachite by a secondary reaction. 

The blue, so-called, tricupric salt, 3CuO,2CO,,H,O, occurs as 
azurite, and is said to be manufactured by a secret process, and 
sold under the name of blue verditer. 

A true tricupric salt, 3CuO,CO,,3H,0, is stated by Favre 
(Ann. Chim. Phys., 1844, [iii], 10, 116) to be obtained by decom- 
posing cuprammonium carbonate with excess of water; but Favre 
determined only the copper and carbon dioxide in it, and it is 
probable that what he obtained was really the basic cuprammonium 
carbonate, which the present writer has obtained under somewhat 
similar circumstances. 

By adding copper sulphate to a boiling concentrated solution 
of sodium carbonate, Field (Quart. Journ. Chem. Soc., 1862, 14, 
70) obtained a black precipitate represented by 6CuO,CO,, whilst 
Deville (Ann. Chim. Phys., 1851, [iii], $3, 104) stated that 
8CuO,CO, is the composition of this precipitate. Evidence will be 
given below to show that these precipitates are not definite in 
composition, but consist of mixtures of copper hydroxide with 
undecomposed basic carbonates. 


The Cupricarbonates and Double Carbonates. 

A knowledge of these compounds is essential as a preliminary to 
the study of the carbonates of copper. 

As has been known for very many years, copper may displace 
the hydrogen in the salts of ammonium, giving rise _ to 
cuprammonium compounds, the characteristics of which are their 
intense purple-biue colour, and the fact that the copper in them 
does not respond to the usual tests for that metal: analogous 
compounds are known in which the copper forms parts of the 
anion in carbonic and certain organic acids, becoming unrecognis- 
able as copper by the usual tests,* and giving to the salt an 

* Wood and Jones state that such solutions give the crdinary reaction with ferro- 
cyanide ; the explanation of this apparent difference of opinion will be made evideut 
below. : 
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intensely blue colour. The existence of these compounds has not, 
however, been sufficiently realised, partly because they have never 
received a distinctive name, and partly because they have never 
been isolated. They may be conveniently designated as cupri- 
carbonates, cupritartrates, etc. 

Deville (Ann. Chim. Phys., 1851, [iii], 33, 75) first described 
the deep blue solution which is obtained by dissolving a carbonate 
of copper in strong solutions of the mixed carbonate and acid car- 
bonate of the alkali metals. This blue solution, in the case of the 
sodium carbonates, yields, on standing, rather light blue crystals 
of CuCO;,Na,CO;,3H,O,* leaving the liquid only slightly coloured ; 
indeed, according to the present investigation, it is only when the 
proportion of normal sodium carbonate present is considerable 
that the liquid retains more than a faint trace of copper. A 
strongly alkaline solution of this nature was introduced by Soldiani 
(Gazzetta, 1876, 6, 322) as a substitute for Fehling’s solution in 
the estimation of sugar (see also Ost, Ber., 1890, 23, 1035). 

The change of colour accompanying the crystallisation of the 
double salt is sufficient proof that the liquid cannot be a mere 
solution of the crystals; the latter are considerably lighter in 
colour than copper sulphate, whereas the liquid yielding them (as 
will be shown) is of a far deeper blue than the normal sulphate. 
Max Grdéger, also (Ber., 1901, 34, 429), pointed out that the 
crystals will not redissolve in the mother liquor (although this 
statement requires slight modification), and are decomposed by 
water. The non-identity of the crystals and dissolved substance 
has been further emphasised by Reynolds (Trans., 1898, 73, 266) 
and by Wood and Jones (Proc. Camb. Phil. Soc., 1907, 14, 174), 
who proved the existence in the liquid of a highly coloured anion, 
and that, on electrolysis, copper is liberated at both poles. 
Reynolds prepared many crystalline double carbonates of potassium 
and other dyad metals, the majority of them containing 4H,O; 
Wood and Jones did so as well, and they note similar colour 
changes to those observed in the case of copper, that in the case 
of the cobalt compounds being specially remarkable. 

The alkaline carbonates are not the only salts which form 
deep blue solutions with copper; the tartrates, succinates and 
oxalates are known to do so in the presence of excess of alkali, 
and it is probable that many organic salts would behave in the 
same way. Reference to the possible constitution of these will 
be made later on. 

For the determination of small quantities of copper in the 


* The text-books erroneously quote 6H,O. The writer, and others also, have 
found the crystals to contain 3H,0, retaining this water at 100°. 
47272 
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present investigation, the colorimetric process with ferrocyanide 
was adopted. Using Nessler cylinders, it is possible to detect 
000005 to 0°00003 per cent. of copper in solution, or 0°0005 per 
cent. when a few c.c. are similarly examined in a test-tube. Where 
the copper is in the form of cupricarbonate, the alkaline liquid 
containing it must first be neutralised, using a scrap of litmus 
paper as indicator; but excess of acid interferes with the ferro- 
cyanide reaction. For qualitative testing, the acid may be run 
down the side of the tube containing the liquid, when, if cupri- 
carbonates are present, a red ring forms in the neutral zone. 

The cupricarbonates give a clear yellow colour with potassium 
ferrocyanide, but as the change between them and copper carbonate 
seems to be a reversible one, the red colour of copper ferrocyanide 
gradually appears on standing, after a time varying between a 
few seconds and many hours, according to circumstances. 


The Reaction between Copper Salts and Sodium Carbonates. 


When sodium carbonate and copper sulphate solutions are mixed, 
some carbon dioxide is evolved, and a bulky, blue precipitate is 
thrown down. 

To ascertain its composition, the carbonate was added to a 
solution of copper sulphate sufficiently weak to ensure the retention 
of any carbon dioxide liberated (0°05 per cent. of copper), and 
alkalinity was found to be attained when 1°61 molecules of sodium 
carbonate had been added for every molecule of copper sulphate 
present (mean of four concordant determinations). 

Various quantities of sodium carbonate were then added to the 
same amounts of copper sulphate, the solutions filtered immediately, 
and tested for copper. By a series of approximations, it was found 
that the precipitation was practically complete when the carbonate 
amounted to (exactly) 1°6 molecules. As this coincides with the 
appearance of alkalinity, the reaction evidently is a simple one, 
and does not occur in two stages, as when an alkali hydroxide is 
added to copper sulphate, in which case the whole of the metal is 
first precipitated to form one basic sulphate, and this reacts with 
a further addition of alkali to form a more basic one before the 
liquid finally becomes alkaline (Pickering, Trans., 1907, 91, 1982). 

The precipitate was found to contain no traces of sulphate unless 
the copper was only partly precipitated, and then in only minute 
quantities; its formula, therefore, is, presumably, 5CuO,2CO,, its 
formation being represented by the equation: 

10CuSO, + 16Na,CO, = 10Cu0,4CO, + 10Na,SO, + 12NaHCO,. 


This was verified by determining the amount of sodium hydrogen 
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carbonate in an aliquot portion of the filtrate: the mean of the 
two determinations gave exactly 12NaHCO, for every 10CuSO, 
taken. None of the sodium carbonate, therefore, is retained in 
combination with the precipitate. [This could not have been 
ascertained satisfactorily by examining the precipitate, as washing 
it would probably have removed any sodium carbonate combined 
with it, as in the analogous cases of the basic sulphates. ] 

The precipitation of copper, it was said above, was practically 
complete when 1°6 molecules of sodium carbonate had been added 
to each molecule of copper sulphate; it is never absolutely so, 
because the basic carbonate dissolves in the sodium hydrogen car- 
bonate formed in the reaction; but the quantity present when 
dealing with very dilute solutions is barely recognisable. Where 
more than 1°6 molecules of sodium carbonate are added, the 
amount of copper dissolved becomes more considerable, and with 
stronger solutions the liquid becomes quite blue. Exposure to the 
air, by increasing the proportion of acid carbonate present, 
increases the amount of copper dissolved. 

On heating strong solutions of copper sulphate and sodium car- 
bonate, the precipitate speedily blackens, and after prolonged 
boiling it contains only traces of carbonate. To ascertain whether 
confirmation could be obtained of Field’s statement that 6CuO,CO, 
is formed in this way, or of Deville’s, that 8CuO,CO, is formed, 
copper sulphate solution was added to a boiling concentrated 
solution of sodium carbonate, and some of the precipitate removed 
after two, ten, and thirty minutes; these portions, after drying 
at 100°, were found to contain 94°1, 94°9, and 96°5 per cent. of CuO, 
respectively, thus indicating a continuous decomposition; all of 
them were more basic even than 8CuO,CO,, which contains 93°5 


per cent. of CuO. 


The Carbonate, 5Cu0,2CO,. 


The carbonate obtained as above is of a full blue colour, and 
rather watery in appearance, being quite different from the lighter 
blue and more opaque basic sulphates, and from the other blue 
basic carbonates to be described immediately. Although it is 
decomposed when heated in a moist condition, it can be dried over 
sulphuric acid (when it contracts to a brittle, dark blue mass), 
and may then be heated to 100° without decomposition. After 
drying thus, it is dark green, and contains 3H,O (Found, 
H,0 =10°36 ; 5Cu0,2CO,,3H,O requires HJO=10°00 per cent.). It 
retains this colour on cooling in dry air, but on exposure to moist 
air it becomes blue again. 

The carbonate, 5Cu0,2CO,, may be deprived of its carbon 
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dioxide entirely, forming copper hydroxide, by leaving it in contact 
with cold saturated sodium carbonate solution for some days or 
weeks, according to the temperature. On the other hand, it 
readily takes up more carbon dioxide if left in contact with a 
solution of sodium hydrogen carbonate for some days, the pre- 
cipitate contracting to a compact, green powder, which is malachite, 
2CuO,CO,,H,O. This change is evidently not a direct one, and 
is preceded by the partial dissolution of the basic sulphate in the 
liquid, for this becomes more or less blue, and the malachite 
deposited is found to adhere to the containing vessel, and to consist 
of spheres of great regularity, often resembling a very uniform 
emulsion. After long standing, these spheres collect together, by 
redissolution and redeposition, in circular masses, suggesting the 
botroidal formation of natural malachite. 

When washed on the filter with well-boiled water, or with a weak 
solution of normal sodium carbonate, 5CuO,2CO,, it gives no trace 
of copper to the liquid, but it does so with aqueous carbonic acid, 
although to a smaller extent than with a solution of sodium 
. hydrogen carbonate, and is converted by it, as by the acid car- 
bonate, into malachite. It is probably the normal copper carbonate 
and a double carbonate of copper and sodium which constitute 
the soluble primary products in these two cases, respectively. 

In spite of the insolubility of the basic carbonate in normal 
sodium carbonate, the addition of this latter to a mixture of the 
basic carbonate with sodium hydrogen carbonate increases the 
amount of copper passing into solution, and deepens the colour of 
the liquid. This is due to the formation of a-cupricarbonate, as 
will be explained below (p. 1422). 

The basic carbonate generally changes into malachite if left in 
the mixed liquid from which it had been precipitated, and more 
readily the more nearly the amount of sodium carbonate used for 
its precipitation approximates to that required by the equation 
given on page 1412. 


The Reaction between Copper Sulphate and Acid Sodium 


Carbonate, 5Cu0,3CO,,. 


When weak solutions (0°05 per cent. of copper) are taken, the 
addition of sodium hydrogen carbonate to copper sulphate throws 
down rather gradually a light blue, opaque and finely divided 
precipitate, which is very different in appearance from that given 
by the normal carbonate. In the accompanying table are entered 
the results of a series of experiments with different proportions of 
the reagents, the total volumes of the liquids being the same in 
all cases. 
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The precipitation of the copper is never complete, but reaches 
a maximum of 92—93 per cent. when three molecules of sodium 
hydrogen carbonate, or more, are present for every molecule of 
copper sulphate. The amount of acid carbonate used up for the 
copper precipitated is always more than two equivalents, and, with 
the exception of the extreme experiments—probably with the 
exception only of the last three experiments, as the first one is 
uncertain owing to the smallness of the precipitate obtained—is 
practically constant at about 2°15 molecules of sodium hydrogen 
carbonate for every molecule of copper sulphate. The only way 
in which more than two molecules of sodium hydrogen carbonate can 
be used up is by the precipitate combining with additional sodium 
carbonate, and some perplexity was caused by not being able to 
find any alkaline carbonate in the washed precipitate. It was 
ascertained eventually that such carbonate was present, but was 
given up at once on washing. The examination was made by 
measuring the liquids after mixing them, and again after filtration ; 
by then making an assumption, which could not be far from the 
truth, as to the density of the precipitate, the amount of liquid 
mechanically retained by the latter could be calculated. The pre- 
cipitate was then washed, and the alkali determined, both in the 
original filtrate and in the washings, when it was found that the 
latter contained the missing alkali. 


TaBLe I. 
Precipitation of Copper Sulphate by Acid Sodium Carbonate. 


Mols. NaHCO, Composition 
Mols. NaHCO, Mols. used for of the precipitate. 
added to CuSO, 1 mol.-atom Cu a 
1 mol. CuSO,. precipitated. in precipitate. CuO. SO,. 
. 0°123 2°77 — 
0°307 2°23 -- 
ae = 76°133 
0°660 2°13 — 
74°816 
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Besides sodium carbonate, the precipitate contains considerable 
quantities of basic sulphate, especially when the precipitation of 
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the copper is less complete. Analyses of the washed precipitates 
obtained in four cases are given in the table. On the assumption 
that the SO, is present as the lowest basic sulphate of copper, 
4CuO,SO, (any other assumption gives less concordant results), the 
composition of the basic carbonate of copper is found to be 
10CuO, with 5°85CO,, 6°18C0,, 5°50CO,, and 5°78CO,, respectively. 
The mean of these gives 10Cu0,5°8CO,, which is, within the 
limits of error in such a case, 5CuO,3CO,. That this carbonate 
should combine in a loose fashion with some of the sodium car- 
bonate is analogous to what occurs in the case of the basic sulphates 
(Pickering, Trans., 1907, 91, 1991). 

This carbonate can be dried without any signs of decomposition, 
and it then forms a light blue powder, quite different from the 
dark, brittle 5CuO,2CO,. On heating at 100°, it remains blue, 
and then retains about 7H,O. On boiling with water, it gradually 
blackens, as all the other basic carbonates do. 

‘When concentrated solutions of copper sulphate and sodium 
hydrogen carbonate are mixed, considerable quantities of carbon 
dioxide are evolved, and the light blue precipitate formed re- 
dissolves, producing a deep blue liquid; warming increases the 
amount of copper which can be thus dissolved, but on boiling, or 
before, the substance in solution decomposes rather suddenly, 
forming a green precipitate of malachite, and leaving the liquid 
only slightly blue. This decomposition often takes place during, 
or after, filtering; but, if it does not do so then, the dark blue 
solution decomposes in another manner, depositing gradually 
throughout twenty-four hours, or more, fairly light blue crystals 
of the double salt, CuSO,,Na,CO,,3H,O, and leaving the liquid 
with often only a trace of copper in it. These changes will be 
dealt with more fully below. 

The basic carbonate, 5CuO,3CO,, just like 5CuO,2CO,, dissolves 
slightly in aqueous carbonic acid, but is insoluble in the normal 
carbonate and in pure water. 


The Carbonate, 8Cu0,3CO,,6H,0. 


When the crystals of the double salt just mentioned are washed, 
they retain their form, but become opaque, and are found to have 
parted with the whole of the sodium carbonate present in them, 
but none of the copper. The residue is of a rather dark blue 
colour, and, when dried at 100°, becomes green. It is quite unlike 
any of the other three basic carbonates, and is evidently a definite 
compound. Analyses of three different preparations of it gave the 
formula as; a : 
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7°98Cu0,3CO,,6°12H.O 
8'25CuO, 3CO,,6°54H,0 
7°83Cu0,3CO.,5°95H,0 


8°02Cu0,3CO,, 6°20H,0 


The weight became constant rather slowly at 100°, and one of 
the samples evidently still retained an appreciable excess of water. 

This basic carbonate behaves like the others towards solutions 
of sodium carbonate, sodium hydrogen carbonate, and carbon 
dioxide; and a similar behaviour is exhibited by the crystalline 
double carbonate. 


Tricupric Carbonate. 


Attempts to prepare tricupric carbonate by the method employed 
by Favre (loc. cit.) failed. Malachite was digested for two days 
at 25° with a concentrated solution of ammonium carbonate; but 
the deep purple liquid thus obtained gave no precipitate at all on 
dilution. On adding alcohol, a few small crystals of a purple 
colour, very soluble in water, were obtained on one occasion, these 
evidently being a cuprammonium salt; on another occasion a good 
crop of shining, purple, crystalline plates was obtained. These 
were quite insoluble in water, and consisted, apparently, of a basic 
cuprammonium carbonate. 

When concentrated solutions of copper sulphate and ammonium 
carbonate were mixed, a deep purple solution was obtained, which, 
on heating, gave some precipitate of malachite, and, on dilution, 
gave a bulky, blue precipitate, which proved to be a basic sulphate 
of the formula 15CuO,SO;. The addition of alcohol gave, in one 
instance, a few blue crystals, which were insoluble in water, and 
evolved some ammonia on heating, being probably a double copper 
ammonium carbonate analogous to the double copper sodium 
carbonate; but, generally, dilution with alcohol gave only a crop 
of crystalline needles of cuprammonium sulphate. 

The basic sulphate just mentioned has not been obtained before. 
The analytical values were Cu: SO;=15: 0°985. It is noticeable 
that such a sulphate bears a very simple relation to two of the 
other basic sulphates already known, namely, 10CuO,SO, and 
5CuO,SO, (Pickering, Trans., 1907, 91, 1982). Attention has pre- 
viously been drawn to the predominance of 5 as the coefficient of 
the equivalents of metallic oxide in basic sulphates in general. 
The new sulphate, 15CuO,SO,, can be dried by heat without any 
blackening, and, therefore, contains no uncombined hydroxide. 
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The Soluble Copper Compounds. 
Double Carbonate and Cupricarbonate. 


To gain further information as to the nature of the changes 
accompanying the dissolution of copper carbonate in alkaline 
liquids, the same volume of copper sulphate solution was added 
to a constant volume of a solution of alkali, consisting of normal 
and acid sodium carbonates in different proportions. In one case 
(first half of table II) the molecular proportion of the two 
carbonates (representing the molecule of acid carbonate as 
Na,H,(CO;),) was 5°6 times that of the copper sulphate; in the 
other (lower half of the table), it was only 2°24. The total volumes 
of the mixed liquids were the same throughout each series, but 
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were different in the two series, the solutions being taken of the 
maximum possible strength consistent with avoiding any separation 
of sodium carbonate at the temperature of the experiments, which 
was 22°, Some of the liquid was removed after various intervals 
of time, and filtered, and the amounts of electropositive and 
electronegative copper in it determined. 
- The first set of observations, made five minutes after the mixing, 
shows that, so long as the acid sodium carbonate predominates, all 
the copper in solution is electropositive, but that, as the proportion 
of normal carbonate is increased, electronegative coyper appears, 
and soon becomes the sole product. The significance of the letters 
D and M will be explained below. 

This is seen better in the curves A and B in the accompanying 
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figure, where the percentage of copper in solution is plotted against 
the proportion in which the two sodium carbonates are added, the 


TaBLe IT. 
Copper Sulphate added to Mixtures of Normal and Acid Sodium 
Carbonates. 


(The + and — signs indicate nature of the copper in solution.) 


Mols. alkali Percentage Actual percentage of 
to each Cu taken. of total copper in liquid after : 


rc ‘a ~ copper = ~ 
Na,CO;. 2NaHCO,. dissolved. 5 minutes. 24 hours. 48 hours. 72 hours, 


, ‘ ef Na,CO, o 
Series J, with CuSO,+5 6{oN2HG0, } + 300H,0. 
56 9 +0086 +0°040 +0-003ar 
4°48 12 +0°050 +0-0227 +0-002f 


+0072 +0004, +0°001 
5°36 28 { -0-016  -0-0042 —o-0034/ 
2°24 26 -0'108  -0-016D -0-002D 
1°12 18 -0°076% -0°058  -0-054 
0-00 6 -0°026  -0-022 -0-022 


Series II, with CuSO, + 224 odo, | + 400H,0. 


+0°013 +0°013 +0°002I 
+0°016 trace M — 
+0°015 +0°015 +0°0014L 
+0°016 +0°014 +0°007D 
+0°021 +0°021 +0°001M 
— 0°009 — 0°027 

* Malachite appearing after ten days. 


dotted portions of the curves representing the results wherein the 
copper is electronegative. The variation in the amount of copper 
passing into solution is continuous throughout, showing no abrupt 
change when electropositive copper gives place to electronegative. 

The point at which this change occurs seems to depend solely 
on the proportion of normal sodium carbonate to copper. This is 
shown more clearly by the series of experiments in table III, 
wherein this ratio was altered, while the proportion in which the 
two carbonates were used was kept constant. This set of experi- 
ments and the first series in table II give, respectively, 3-3 and 
2°2 molecules of sodium carbonate added for every molecule of 
copper sulphate as the point at which electronegative copper 
appears, or 11 and 13 molecules of sodium carbonate for every 
atom of copper passing into solution, although the ratio of normal 
carbonate actually in the liquid would be rather lower, owing to 
some carbon dioxide being given off in the precipitation of the 
basic salt. 
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The amount of copper passing into solution evidently depends on 
the relative proportion of the two sodium carbonates present, but, 
with any given mixture of these, it is directly proportional to the 
total carbonate present. On plotting out the values in table III, 
they are found all to lie on a straight line up to 18°7 molecular 
proportions of the carbonates, at which point the dissolution of 
the copper taken becomes complete. The total amount of copper 
which can be obtained in such solutions reaches about 0°15 per 
cent., and this has never been exceeded in any of the present 
experiments. 


TasLeE III. 


Copper Sulphate added to Equimolecular Mixtures of Normal and 
Acid Sodium Carbonate. 


2CuSO, + 1°12Na,CO, + 1:12(2NaHCO,) + 250H,0 or 
CuSO, +4 onaizce), | + 110yHLO. 


\2NaHCvu, 
Percentage Actual percentage of 
of total copper in liquid after : 
copper 
x. y. dissolved. 5minutes. 24 hours. 48 hours. 72 hours. 
1. 0°72 3°1 5 +0°043 +0°034 +0°033M -0°003 


2. 0°60 3°7 8 +0°060 


+0°050 +0°004 >, + *! D 
—0°015 — 0°005 —0°006M 


+? +0045, +0007D +400 D 
3. 048 = 47 16 { *o-008 ~0:0487 —0-004ar + o0eu f 
4. 0°36 62 27 0120 -0-050D - 00094 — 
5. 0°24 869° 50 -0148 -0080 -o0lpD — at 
6. O12 187 100 -0:128D -0018D -0016D — D 
7. 0°04 560 100 0043 -0024D -0016ED — D 


The highest two results from table III are inserted in the 
diagram. 

A rise in temperature increases slightly the amount of copper 
passing into solution, and an increase in the dilution reduces it, 
whilst the proportion of the dissolved copper which is in the 
electronegative condition is increased, both by rise of temperature 
and by dilution, very conspicuously so by the former. These facts 
are illustrated by the following observations made with a solution 
of the same composition as No. 3 in table II: 


Percentage of the 


Passing Percentage ef dissolved copper which 
into solution. total copper. is electronegative. 
2 eee 19 0 
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Percentage of the 


Passing Percentage of dissolved copper which 
into solution. total copper. is electronegative, 
With 80 H,0......... 14 0 
,, 600 H,O......... 11 2°5 
», 900 H,O........ 10 12 
,, 1500 H,O......... 7 16 
y» 6300 H.O uu... 3°6 24 


Whether the dissolved copper is in the electropositive or electre- 
negative form, all these solutions are intensely blue, the depth of 
colour being far greater than that of copper in the form of sulphate, 
although the quality is the same, and quite unlike the violet of 
the cuprammonium compounds. By direct comparison, the colour 
of the compound containing electropositive copper was found to 
be 30 times more intense than that of copper in copper sulphate, 
whilst that with electronegative copper was 80 times more intense. 

The various solutions recorded in tables II and III, together 
with the precipitates contained in them, undergo a marked change 
when kept for a day or two, this change consisting in the formation 
of either malachite or of the crystalline copper and sodium car- 
bonate, sometimes of both together. These substances are deposited 
from the solution, and at the same time most, or all, of the basic 
carbonate present is likewise changed into them, the liquid 
becoming almost colourless, and retaining only a trace of copper. 
The change is a rapid one, but not instantaneous. The appearance 
of malachite is indicated in the tables by /, and that of the double 
salt by D. The copper finally remaining in solution is generally 
greater when malachite is formed than when the double salt is the 
product; the results in series II of table II, and those in table III, 
show this best. 

Whether malachite or the double salt is formed seems to be 
determined to some extent by arbitrary conditions, but, as a rule, 
the former appears first in, or is the sole product from, solutions 
containing electropositive copper, and the double salt from those 
containing electronegative copper; thus, of seven instances in the 
tables where malachite was the prime or sole product, the copper 
was electropositive in six of them, whilst out of ten instances where 
the double salt was the prime or sole product, seven are cases 
where the dissolved copper was electronegative. Many other 
instances of a similar character were observed. Some malachite 
often appears after the double salt has begun to crystallise, and 
it would seem as if the crystals themselves sometimes become 
converted into malachite (see No. 3 in table II). Where the 
amount of copper in solution is small, and that of sodium carbonate 
large, as in No. 6, table II, no formation of either malachite or 
double salt occurs, even after many weeks; where such conditions 
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are approximated, as in Nos. 5 and 12, the formation of these sub- 
stances is much retarded. With larger proportions of normal 
carbonate present, the amount of electronegative copper retained 
permanently in solution could, no doubt, be increased beyond the 
maximum reached in any of these experiments (0°023 per cent. in 
No. 6), but such solutions would not be permanent when exposed 
to the carbon dioxide in the air. 

It is possible now to explain the somewhat puzzling reactions 
occurring when a concentrated solution of copper sulphate is added 
to a concentrated solution of sodium hydrogen carbonate. The 
basic carbonate, 5CuO,3CO,, is first precipitated, and then gradually 
absorbs carbon dioxide from the sodium hydrogen carbonate 
present, passing into solution as the normal copper carbonate, or, 
rather, as a double carbonate of copper and sodium, forming a 
deep blue liquid wherein the copper is electropositive. On 
standing, this soluble compound gives rise either to the crystalline 
double carbonate, or else decomposes into malachite, nearly all the 
copper going out of solution. On heating to the boiling point, the 
change into malachite always takes place if the solution contains 
much copper. If the light blue liquid and the malachite resulting 
from this change are boiled together for some time, the proportion 
of normal sodium carbonate in the liquid is increased, and the 
precipitate gradually redissolves, forming again a deep blue liquid, 
but one in which the copper is now electronegative, being present 
in the form of cupricarbonate. This liquid, on standing, nearly 
always yields the crystalline double carbonate, and not malachite. 

The change from the soluble compound with electropositive 
copper, into the cupricarbonate, with electronegative copper, is a 
reversible one. On taking a rather weak solution of the former 
and heating it to boiling, it becomes darker, and the copper no 
longer reacts with ferrocyanide; but, on cooling, it becomes lighter 
again, and responds to the ferrocyanide test. 

The experiments 6 and 12 of table II, wherein no sodium 
hydrogen carbonate was added, present no difficulty in accepting 
the preliminary step in the dissolution of the copper as 
being the formation of normal copper carbonate from the basic 
carbonate and sodium hydrogen carbonate, for some of the latter 
will have been formed during the precipitation of the basic salt. 
It is found, however, that any of the basic carbonates, after being 
thoroughly washed, will gradually dissolve to form cupricarbonate 
when boiled with a concentrated solution of sodium carbonate ; 
even ignited copper oxide will do the same. It is probable that, 
in such cases, the carbon dioxide necessary to convert them into 
normal copper carbonate is derived from the partial decomposition 
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of the soduim carbonate into hydroxide and carbon dioxide. Such 
a decomposition has been shown to occur readily by fusion 
(Pickering, Trans., 1887, 51, 72), and it need occur only to a 
minimal extent in a boiling solution to account for the facts; since 
the products (both sodium hydroxide and carbon dioxide, on the 
view suggested below) would be utilised at once to form the cupri- 
carbonate. 

The cupricarbonate has the power of oxidising dextrose with 
the precipitation of cuprous oxide. This action takes place in the 
cold, or, more rapidly, on heating, and is preceded by the formation 
of some soluble compound of the cupricarbonate with the sugar, 
for the amount of copper passing into solution at first is greatly 
increased by the sugar. No such action, nor any precipitation of 
cuprous oxide, occurs when the soluble compound present is that 
containing electropositive copper. 


Action of Sodium Hydroxide. 


When sodium hydroxide is added to a solution of copper car- 
bonate in sodium hydrogen carbonate, the latter becomes converted 
into normal sodium carbonate, and the same result is obtained as 
if excess of sodium carbonate is added, namely, the formation of 
the cupricarbonate; but when the amount of sodium hydroxide is 
further increased, it abstracts carbon dioxide from this cupri- 
carbonate, and a blue basic carbonate of copper is precipitated, 
leaving only a trace of copper in the solution. This precipitate is 
evidently a mixture, as it blackens in parts on drying at 100°, and 
three different preparations of it were found to contain, after 
drying, copper oxide varying between 76°3 and 90°2 per cent. 

On adding still further excess of sodium hydroxide, this pre- 
cipitate again dissolves, to form a deep violet-blue liquid, the 
dissolution becoming complete when about 300 molecules of sodium 
hydroxide are present for every atom of copper. The coloration 
is more intense than that of the cupricarbonate, being about 200 
times deeper than that of copper in the form of sulphate, although 
accurate comparison is impossible, owing to the difference in the 
tone of the colour. A similar solution may be obtained by digesting 
any of the copper carbonates with concentrated sodium hydroxide. 
This liquid, in which the copper is also electronegative, appears 
to be quite stable, and does not give rise to malachite or the 
crystalline double carbonate, as the cupricarbonate does. The 
strongest solution of it which has been obtained contained 0°4 per 
cent. of copper. On dilution with a large excess of water, a basic 
carbonate is thrown down, but the copper in solution remains 
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electronegative; dilution with a smaller amount of water gives a 
slight precipitate of copper hydroxide, due, no doubt, to the 
secondary reaction of the excess of alkali on the basic carbonate 
first deposited. Prolonged boiling also results in the precipitation 
of some hydroxide, but about 0°2 per cent. of copper remains 
permanently in solution. 

This compound also oxidises dextrose, with the precipitation of 
cuprous oxide, and, moreover, it has the property of combining with 
cellulose. On filtering through paper, all the copper is retained 
by the paper, as if it were present as an insoluble precipitate. 
Likewise a piece of filter paper shaken up with the liquid renders 
the latter colourless, the paper becoming violet-blue. When, how- 
ever, the latter is washed, the excess of alkali necessary for the 
existence of the copper compound is removed, and only a basic 
carbonate of copper is left, the paper appearing to have been 
unaffected by the changes. 

The existence of these soluble copper compounds explains why 
the results obtained in the determination of copper by precipita- 
tion with potassium hydroxide nearly always give values which are 
too low, for the potash generally contains carbonate, and one or 
other of these soluble compounds with electronegative copper will 
be formed. Added to this, it may be mentioned, copper hydroxide 


has been found to dissolve in ordinary distilled water to the extent 
of one part in 800,000. 


Nature of the Soluble Compounds. 


It has been assumed by Reynolds, and by Wood and Jones 
(loc. cit.), that the deep blue compound in a solution of copper 
in sodium carbonate has the same empirical formula as the double 
carbonate which crystallises from the liquid. No evidence, how- 
ever, has been brought forward to prove this, and very little is 
afforded by the present work. That the basic carbonates require 
the addition of carbon dioxide before they will dissolve shows that 
the proportion of CuO: CO, in the soluble compounds is greater 
than it is in the basic carbonates themselves; its decomposition by 
heat (which would tend to deprive it of carbon dioxide) into the 
basic carbonate is also in accordance with this view; it is probable, 
too, that the two soluble compounds have very similar formule, 
as the passage of the one into the other does not affect the 
regularity of the curves representing their formation (p. 1420). 

As regards the soluble compound containing electronegative 
copper (the cupricarbonate), somewhat stronger evidence has been 
obtained, as follows: If the compound in solution has the same 
formula as the double carbonate, its formation from malachite 
would result from an interaction with the two sodium carbonates 
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in €quimolecular proportions (taking 2NaHCO, as the molecule), 
thus: 
2Cu0,CO, + Na,CO, + 2NaHCO, = 2(CuCO,;Na,CO;) + H,O. 

Now, when one gram of malachite was digested for twenty-four 
hours at 18° with 100 cc. of a concentrated solution containing 
5 molecular proportions of the mixed carbonates, the percentage 
of copper passing into solution (which was electronegative in all 
cases) was found to be that represented in curve C in the figure 
on p. 1418, the maximum (0°048 per cent.) being attained when 
the two carbonates were present in about equimolecular pro- 
portions, as required by the above equation; the actual position 
of the maximum is at about 55 per cent. of the acid carbonate, the 
slight excess of this which has thus been required being, no doubt, 
due to the malachite having contained a little of the more basic 
carbonate, 5CuO,2CO,. A similar position of the maximum is 
seen in the curve A, but here it is shifted somewhat in the other 
direction, as there was a loss of some carbon dioxide from the 
liquid in the formation of the basic carbonate, as already explained. 
In the case of curve B, the shifting of the maximum is very great, 
as a similar loss of carbon dioxide would leave but little normal 
sodium carbonate in the liquid. 

The similarity of the curves A and C, especially as regards the 
concavity of the first portions, is noteworthy. 

Assuming that the crystalline double salt and the two soluble 
compounds have all the same empirical formula, we may assign to 
the crystalline salt the constitution of a molecular compound, 
CuCO;,Na,CO;. In colour, it is intermediate between an ordinary 
blue copper salt and a colourless salt, and in this respect closely 
resembles the double sulphates. With these, the evidence that 
they are simply additive compounds is strong, for their specific 
heats are very nearly the sum of the specific heats of the component 
sulphates (Pickering, Trans., 1886, 49, 12). Some of the double 
sulphates, for example, magnesium potassium sulphate, are decom- 
posed by water, like the copper sodium carbonate, whereas others 
are stable in solution, for example, the copper potassium sulphate, 
but such differences are simply a question of the magnitude of 
the thermal changes involved (loc. cit., p. 15). 

To explain the existence of an isomeride of the double carbonate, 
but one still containing copper in the electropositive condition, the 
transposition of the copper and sodium atoms would appear to be 
satisfactory : 


NaOS 019 : rr 


NaO 


Cu <0>co 


becoming On< 
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and the second compound may be conveniently termed a sodio- 
cupric carbonate to distinguish it from the double salt. 

In the other soluble isomeride, the cupricarbonate, the copper 
is electronegative, and cannot, therefore, be regarded as replacing 
hydrogen in hydroxyl; the only alternative is that this must be 
united directly with the carbon, just as in the analogous 
cuprammonium compounds it is united directly with the nitrogen. 
This may be represented by: 

NaO-CO, 
Cu ‘ 
NaO:CO, 

Such a representation is, however, not altogether sufficient, for 
it does not explain why a large excess of carbonate should be 
essential for its existence, nor why it should act as an oxidising 
agent, and decompose with the formation of cuprous oxide. There 
is, also, the existence of a fourth compound of a similar nature, 
obtained by sodium hydroxide, to be reckoned with. 

The difficulties may be removed by supposing the copper atom 
to act as a tetrad, and to attach to itself either the oxygen from 
sodium hydroxide, or the CO; from Na,CO,, whilst the other 
oxygen atoms in the molecule become converted into hydroxyl, for 
which, we know, there is a strong tendency in the case of all 
carbonates. The two compounds would then become: 


a-Cupricarbonate. B-Cupricarbonate. 


Na0—0<p Na0—C< OF 


Cu=C<9>0 Cu—O 
| | 
Na0—U< Na0—C< 9 


the a-cupricarbonate being the compound formed by the action of 
excess of sodium carbonate on the sodiocupric carbonate 
(=Na,Cu(CO;).+Na,CO,), and the §-cupricarbonate being that 
formed by excess of sodium hydroxide (=Na,Cu(CO,),+Na0OH). 
A doubling of the proportion of sodium carbonate or of hydroxide: 
united with the cupricarbonate nucleus would give a more sym- 
metrical form to the molecules. Both formule represent the 
presence of fuvosely attached atoms of oxygen, which would be 
readily given up to an oxidisable substance like dextrose, leaving 
a residue with excess of sodium or hydrogen atoms, the result of 
which would be the reduction of the copper to cuprous oxide. The 
formula for the a-cupricarbonate, also, well expresses its decom- 
position by sodium hydroxide, carbon dioxide being abstracted 
from it, and a basic carbonate being produced in consequence. 
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Fehling’s solution evidently contains a compound analogous to 
one or other of the cupricarbonates, electronegative copper being 
present in it, and an excess of alkali being esseatial for its 
existence. 

The suggestion has arisen that what is represented as the 
B-cupricarbonate may really be a sodium cuprate; this cannot be 
absolutely negatived, although it is improbable. Ignited copper 
oxide does dissolve to form a light violet-blue solution in sodium 
hydroxide, even when the latter has been prepared from sodium, 
and with the exclusion (as far as possible) of carbon dioxide; but 
the amount passing into solution never exceeds 0°02 per cent. of 
copper, as against. 0°4 per cent. obtainable when copper carbonate 
is dissolved in soda of the same strength. The most probable view 
is that the cuprate does exist, but is a different substance from 
that described as the A-cupricarbonate. The limiting product of 
the action of lime: water on copper sulphate is, probably, also a 
cuprate, its formula being CuO,3CaO (Pickering, Trans., 1907, 91, 
1991). The addition of sodium carbonate to a mixture of copper 
oxide and sodium hydroxide does not increase the amount of copper 
passing into solution. 

The analogy drawn above between the double carbonates and 
double sulphates of copper when in the crystalline condition is, no 
doubt, sound, but it is questionable whether it can be legitimately 
pushed any further, for, although the double sulphates, like the 
carbonates, exist in three different modifications, the second and 
third modifications of them can exist in the solid condition only. 
When the crystalline double sulphate is dehydrated at 100°, it 
forms a blue powder, but this, on heating to 150—200°, becomes 
quite white, the change being accompanied by an evolution of as 
much as 3220 cal. (calculated for ordinary temperatures); the 
white modification, in its turn, becomes converted at 300—400° 
into a green modification, which, being formed with an absorp- 
tion of 1918 cal., is somewhat unstable, and easily passes back into 
the blue or white modifications (Pickering, Trans., 1886, 49, 1). 
There is, however, no evidence that the copper in any of these 
modifications is in the electronegative condition, and they all 
dissolve in water to form solutions of the ordinary double sulphate. 
An element like sulphur offers more facilities for diversity of 
arrangement in the molecule than does the carbon in the car- 
bonates, and it is probable that the different modifications of the 
double sulphates are due to causes which may operate even in the 
case of simple sulphates, for it has been found that these, in the 
anhydrous and amorphous condition, may occasionally exist in two 
modifications, according to the temperature to which they have 
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been heated. Sodium sulphate is an instance in point (Pickering, 
Trans., 1884, 45, 686). 

Nevertheless, there appear to be sulphate compounds analogous 
to the §#-cupricarbonates. The compound with the formula 
10Cu0,S0;,4CaO,SO;, which is present in Bordeaux mixture 
(Pickering, Trans., 1907, 91, 1991), appears to be of such a nature; 
it is violet, instead of blue, like the other basic sulphates, it 
dissolves in a solution of dextrose, and ultimately oxidises it, with 
the precipitation of cupreus oxide, whilst, when in solution in 
sugar (before oxidation begins), it is absorbed by cellulose. 

The cupricarbonates are evidently representatives of a very large 
class of compounds, and one which certainly deserves further study, 
for, not only do other organic acids form similar compounds, but 
most other dyad metals seem to be able to act like copper. 


The Colour of Copper Salts. 


The well-known change from blue to green of copper chloride 
solutions on heating or concentration has been attributed to a 
change in the ions by some, and by others to a change in hydration. 
A similar change, however, has been noticed in two of the basic 
carbonates here described, and also in one of the basic sulphates 
(Trans., 1909, 95, 127), when these are in the solid condition, the 


blue compounds becoming green when dehydrated, and reverting 
to blue when rehydrated. A change in the ions cannot apply in 
such cases. 

Summary. 


Besides the mineral azurite, 3CuO,2CO,,H,O, and the ordinary, 
and most stable, carbonate of copper, malachite, 2CuO,CO,,H,O, the 
following carbonates have been isolated: 

5CuO,2CO,, a blue, bulky precipitate obtained by the precipita- 
tion of copper salts by normal sodium carbonate. It loses its 
carbon dioxide readily when warmed in the moist condition, or 
when digested with a concentrated solution of sodium carbonate, 
but takes up more carbon dioxide, forming malachite, when 
digested with acid sodium carbonate. 

5CuO,3CO,, or a carbonate approximating thereto, is formed, 
mixed with basic sulphate, by the precipitation of copper sulphate 
with acid sodium carbonate. It is a light blue, dense solid, more 
stable than the foregoing. 

8Cu0,3CO,,6H,O is a rather dark blue carbonate, obtained by 
the action of water on the double carbonate of copper and sodium. 

Attempts to prepare 3CuO,CO, and other more basic carbonates, 
which have been said to exist, were not successful. 
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All the basic carbonates are insoluble in water and ia normal 
sodium carbonate solution, but they dissolve slightly in aqueous 
carbonic acid and in acid carbonates, a normal copper carbonate, 
or a double carbonate of copper and the alkali metal, being formed. 
The latter is obtained as a rather light blue, crystalline double salt 
from such solutions, but it is probably a molecular compound of 
the two carbonates, and, as it will not redissolve in the mother 
liquor, and is decomposed by water, the solution yielding it must 
contain some compound different from, but probably isomeric 
with, it: NaO-CO-OCuO-CO-NaO is suggested. In this compound, 
termed the sodio-cupric carbonate, the copper is electropositive, but 
has a colour thirty times more intense than the copper in copper 
sulphate. When éxcess of normal sodium carbonate is added, the 
copper becomes electronegative, and no longer reacts with ferro- 
cyanide. The substance then present is what has been termed an 
a-cupricarbonate, consisting of Na,Cu(CO,), united with Na,CO,, 
but in which the copper is joined directly to the carbon atoms, and 
is in a tetrad condition. It oxidises dextrose, and the constitution 
suggested represents the presence of a loosely combined oxygen atom 
explaining such a reaction. Excess of sodium hydroxide decom- 
poses it, but a greater excess dissolves the basic carbonate thrown 
down, to form a deep violet-blue solution of the 8-cupricarbonate, 
which consists of Na,Cu(CO;), united with one or two molecules 
of sodium hydroxide. This, too, oxidises dextrose, and also 
combines with cellulose. It is stable in the presence of excess of 
alkali, whereas the a-compound gradually decomposes, either into 
the crystalline double salt or into malachite. The sodiocupric 
carbonate decomposes in a similar manner, but generally into 
malachite. 

Incidentally, a new basic sulphate of the composition 15Cu0,SO, 
has been obtained. 

Addendum.—Since this paper was communicated, some additional 
evidence in favour of the constitution suggested for the f-cupri- 
carbonate has been obtained, but reasons have also appeared for 
regarding it as probable that, in the presence of excess of alkali, the 
introduction of hydroxide into the molecule proceeds a step further 
than was imagined, the oxygen atom combined with the copper, 
as well as that combined with the carbon, becoming converted 
into hydroxyls, and giving a substance containing the cuprate 
group Cu(ONa)(OH). It is probably to the presence of this 
grouping that the substance owes its violet colour and its action 
on cellulose. 
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CLX.—Constitution of Hydroxyazo-compounds. Part IT. 


Action of Mercurie Acetate on Benzeneazonaphthols. 


By Avec Duncan MitcHett and Crarence SMITH. 


At the present time, the balance of chemical and physical evidence 
favours the view that hydroxyazo-compounds do not possess a 
quinonehydrazone structure, and consequently contain a hydroxyl 
group. The use of phenylcarbimide for the detection of this group 
suffers from the disadvantage that different temperatures are 
required for its reaction with para- and with ortho-hydroxyazo- 
compounds, the former yielding phenylcarbamates in hot benzene 
(Goldschmidt and Rosell, Ber., 1890, 23, 489), whereas similar 
compounds can only be obtained from o-hydroxyazo-compounds in 
the solid form at the ordinary temperature (Goldschmidt and Léw- 
Beer, Ber., 1905, 38, 1098). By the use of mercuric acetate, this 
defect is avoided, and in a previous communication (C. Smith and 
Mitchell, Trans., 1908, 93, 842) it has been shown that o- and 
p-hydroxyazo-compounds of the benzene series react with this salt 
in boiling alcohol to form mercuriacetates, the number of mercuri- 
acetate groups introduced being equal to the number of unsub- 
stituted positions ortho to the phenolic hydroxyl group ; for reasons 
therein stated, this behaviour of hydroxyazo-compounds may be 
regarded as evidence of their azo-structure. 

It has been deemed advisable to apply the reaction to hydroxyazo- 
compounds of the naphthalene series, for here upholders of the 
quinonehydrazone formula have an argument which is not commonly 
applicable to the benzenoid compounds, namely, that the con- 
densation of naphthaquinones and aryl hydrazines gives rise to 
the same substance as is produced by coupling a-naphthols with 
diazotised primary aromatic amines. Recent work, however, has 
seriously damaged the validity of this argument for quinone- 
hydrazone structure (Goldschmidt and Loéw-Beer, loc. cit.; Auwers, 
Ber., 1907, 40, 2154; 1908, 41, 403, 415; Noelting, Grandmougin, 
and Freimann, Ber., 1909, 42, 1377); Borsche, in particular, has 
succeeded in condensing o-nitrophenylhydrazine and p-benzoquinone 
to form o-nitrobenzeneazophenol, admittedly a hydroxyazo-compound 
(Annalen, 1907, 357, 171). There seems to be little doubt, there- 
fore, that the so-called naphthaquinonephenylhydrazones are in 
reality azo-compounds. Their behaviour with mercuric acetate in 
boiling alcohol supports this view, but the evidence is not as con- 
clusive as could be desired, for although mercuriacetates are formed, 
except in the cases of benzeneazo-a-naphthol and _benzeneazo- 
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B-naphthol, whenever the hydroxyazo-compound has an unsub- 
stituted position in the ortho- or para-position with respect to the 
hydroxyl group, mercuriacetates are still formed when there are 
no such unsubstituted positions. Thus f-benzeneazo-a-naphthol 
forms a monomercuriacetate as is to be expected, but so also 
do bisbenzeneazo-a-naphthol, 4-nitro-2-benzeneazo-a-naphthol, and 
2-nitro-4-benzeneazo-a-naphthol. Only monomercuriacetates have 
been obtained even with a large excess of mercuric acetate. The 
formation of these mercuriacetates, however, was not entirely 
unexpected, for since it has been shown (C. Smith and Mitchell, 
loc. cit.) that mercuric acetate does not react with the group 
*N,°C,H;, the mercuriacetate complex must have entered the 
unsubstituted ring of the naphthalene nucleus in the preceding 
compounds, and probably into position 8, for it is well known 
that in naphthalene derivatives the peri-position is comparable 
with the ortho-position in the benzene nucleus (C. Smith, Trans., 
1906, 89, 1505). Since all the preceding hydroxyazo-compounds 
are derivatives of a-naphthol, the entrance of the mercuriacetate 
group into position 8 would be in accordance with the rule pre- 
viously established that the mercuriacetate complex enters the 
nucleus in the ortho- or para-position with respect to the hydroxyl 
group. Unfortunately, attempts to settle definitely the orientation 
of the benzeneazonaphthol mercuriacetates have been unsuccessful, 
for the replacement of the mercuriacetate complex by any group 
or’ atom other than hydrogen has not been accomplished. 

The hydroxyazo-compounds obtained by coupling diazotised 
2: 4: 6-tribromoaniline with a-naphthol, 2-nitro-a-naphthol, and 
4-nitro-a-naphthol respectively, have been prepared and submitted 
to the action of mercuric acetate in the hope that the formation 
of mercuriacetates would prove conclusively that the mercuriacetate 
group has entered the unsubstituted half of the naphthalene 
nucleus, but, owing to the extreme insolubility of the three 
hydroxyazo-compounds in boiling alcohol, the existence of definite 
mercuriacetates could not be established. 

Benzeneazo-B-naphthol does not form a mercuriacetate even when 
fused with mercuric acetate. Benzeneazo-a-naphthol is oxidised 
by mercuric acetate, yielding Witt and Dedichen’s BB-dinaphthyl 
derivative, C,H;*N,°C,;)H;(OH)-C,j)H;(OH)-N,°C,;H;; when the 
B-position is occupied by a nitro-group, the oxidation is prevented, 
and 2-nitro-4-benzeneazo-a-naphthol yields a monomercuriacetate in 
the usual way. 
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EXPERIMENTAL, 


Mercurie Acetate and Benzeneazo-a-naphthol, 


A solution containing 14 grams of mercuric acetate in 30 c.c. 
of warm water and 5 c.c. of glacial acetic acid was added to 
10 grams of benzeneazo-a-naphthol dissolved in 700 c.c. of boiling 
alcohol, and the mixture was heated on the water-bath for six 
hours. The precipitate, filtered from the hot liquid, was washed 
with alcohol and with hot water, and repeatedly extracted with 
boiling dilute acetic acid until the filtrate was free from salts of 
mercury. The residual chocolate-brown powder, washed finally 
with alcohol and dried in the steam-oven, weighed 12 grams. It 
blackened at 227° and melted and decomposed at 248—-250°. The 
substance was extracted with chloroform, whereby a residue of 
finely divided mercury was left, and by evaporation of the solvent 
a crystalline substance was obtained, green by reflected and red 
by transmitted light, which melted and decomposed at 244—246°. 
It was very sparingly soluble in alcohol or acetic acid and insoluble 
in aqueous potassium hydroxide, dissolved readily in chloroform 
or ethyl benzoate, and developed a bluish-purple coloration with 
concentrated sulphuric acid, changing to indigo-blue on warming. 
These properties indicated that the substance was Witt and 
Dedichen’s ff-dinaphthyl oxidation product of benzeneazo- 
a-naphthol (Ber., 1897, 30, 2660), and the identity was proved 
by acetylating the substance by acetic anhydride and anhydrous 
sodium acetate, and recrystallising the diacetate from toluene. It 
melted at 263° (Witt and Dedichen’s diacetate melts at 264—265°) 
and gave the following numbers on analysis: 


0°1503 gave 0°0595 H,O and 0°4122 CO,. C=74°8; H=4°4. 
Cyg,H,0,N, requires C=74'7; H=4'5 per cent. 


Mercurie Acetate and 2-Nitro-4-benzeneazo-a-naphthol. 


The hydroxyazo-compound was prepared by dissolving 3 grams 
of 2-nitro-a-naphthol and 3 grams of potassium hydroxide in 
1500 c.c. of water, cooling to 3—4°, and adding a diazotised solution 
of 1°5 grams of aniline. After keeping overnight, the red pre- 
cipitate was collected, washed with water, digested with dilute 
acetic acid, whereby the red colour changed to orange-yellow, dried, 
and recrystallised twice from benzene. 2-Nitro-4-benzeneazo- 
a-naphthol crystallises in orange-red needles, melts at 164°, and 
develops a bluish-red coloration with concentrated sulphuric acid. 
Tt is readily soluble in hot benzene or glacial acetic acid, and 
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dissolves in warm dilute potassium hydroxide, but is insoluble in 
a cold concentrated solution : 
0°1409 gave 0°3391 CO, and 0°0495 H,O. C=656; H=3°9. 
0°1651 ,, 20°4 c.c. N, at 21° and 768 mm. N=14°3. 
C,,H,,0O,N, requires C=65°5; H=3'7; N=14°3 per cent. 

The acetyl derivative was obtained by heating the hydroxyazo- 
compound for two to three hours with glacial acetic acid, anhydrous 
sodium acetate, and acetic anhydride, pouring the solution into 
dilute alcohol, and boiling for a short time until the dark, viscous 
product had become red and granular. It was collected, washed, 
dried, and crystallised from glacial acetic acid and twice from 
benzene, from which it separates in fine, ruby-red prisms melting 
at 173°: 

0°1876 gave 0°4420 CO, and 0°0619 H,O. C=643; H=3°7. 

C,3H,,30,N, requires C=64°5; H=3°9 per cent. 

To a solution of 1 gram of 2-nitro-4-benzeneazo-a-naphthol in 
250 c.c. of boiling alcohol and 5 c.c. of glacial acetic acid was added 
a solution of 2°5 grams of mercuric acetate in 5 c.c. of warm water, 
containing a little acetic acid. The clear red solution was heated 
on the water-bath for six hours, until the precipitate, which had 
separated, did not increase in quantity. It was filtered hot, washed 
with alcohol and with boiling water, and finally with hot dilute 
acetic acid until free from soluble mercury compounds. After 
being dried in the steam-oven, the mercuriacetate was obtained 
as a lustrous, reddish-brown, crystalline mass, which blackened at 
220°, but was not fused completely at 270°. Being practically 
insoluble in all solvents, the substance could not be further purified. 
The analytical data show that the product is a monomercuriacetate : 

0°1099 gave 0°1601 CO, and 0°0311 H,O. C=39'7; H=3'1. 

0°2110 ,, 0°0749 Hg. Hg=35°'5. 

C,3H,;0;N,;Hg requires C=39'2; H=2°4; Hg=36'3 per cent. 


Mercurie Acetate and B-Benzeneazo-a-naphthol. 


A solution of 9 grams of mercuric acetate in 25 c.c. of warm 
water and 5 c.c. of glacial acetic acid was added to 3°5 grams of 
B-benzeneazo-a-naphthol dissolved in 200 c.c. of hot alcohol con- 
taining a little acetic acid. The clear, dark red solution was heated 
on the water-bath for nine hours, whereby a bulky, red precipitate 
was formed, and then filtered when cold. By evaporating the 
filtrate to 50 c.c., a further quantity of the substance was obtained. 
The combined precipitates were washed with alcohol and with 
boiling water, and extracted with hot dilute acetic acid until the 
soluble mercury salts had been removed. The red residue was 
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finally washed with boiling water and dried in the steam-oven. 
The yield of the crude mercuriacetate was 6°5 grams or 91°5 per 
cent. of the theoretical. The purification of the substance pre- 
sented considerable difficulties, as it is very sparingly soluble in 
the usual solvents except acetic acid. A pure product can be 
obtained by the repeated precipitation of a solution in alcoholic 
sodium hydroxide by acetic acid, but the following process, although 
attended with great loss of material owing to the fact that the 
mercuriacetate group is eliminated by boiling glacial acetic acid, 
was adopted as being the quickest and least inconvenient. Five 
grams of the finely powdered, crude mercuriacetate were added 
to 100 c.c. of hot glacial acetic acid, and after a few minutes’ 
boiiing the mixture was filtered into 100 c.c. of cold alcohol. The 
red precipitate was collected, washed thoroughly with alcohoi, and 
dried at 110°; the weight was 3 grams. 

B-Benzeneazo-a-naphthol mercuriacetate, 

C;H;*N."C;,H;(OH)-Hg-CO,Me, 
is a brick-red powder, which darkens at 180° and melts with decom- 
position at 208°: 

0°3462 gave 0°5440 CO, and 0°0819 H,O. C=42°8; H=2°6. 

0°3198 ,, 15°8c.c. N, at 23° and 753 mm. N=5'5. 

0°3346 ,, 01345 Hg. Hg=40°2. 

C,sH,sO;N,Hg requires C=42°6; H=2°7; N=5'5; 
Hg=39'5 per cent. 

The mercurichloride is obtained by adding a few c.c. of saturated 
brine to a solution of 1 gram of the mercuriacetate in hot glacial 
acetic acid. The red precipitate is collected and washed with acetic 
acid, alcohol, and with hot water until free from sodium chloride. 
It is a brick-red powder, which is practically insoluble in the 
usual solvents ; when heated it darkens at 130°, becomes black and 
semifused at 200°, but is not completely melted at 270°. 


Mercuric Acetate and 4-Nitro-2-benzeneazo-a-naphthol. 


The hydroxyazo-compound was prepared by adding a diazotised 
solution of the requisite quantity of aniline hydrochloride to 9°5 
grams of 4-nitro-a-naphthol and 11°5 grams of potassium hydroxide 
dissolved in 200 c.c. of water. The purification was accomplished 
in the same way as that of the isomeride previously described. 

4-Nitro-2-benzeneazo-a-naphthol separates from glacial acetic acid 
in fine, dark red needles, melts at 180°, and is sparingly soluble in 
hot alcohol, moderately in glacial acetic acid, and easily in hot 
benzene. It gives a blood-red coloration with alcoholic potassium 
hydroxide, and a bluish-red with concentrated sulphuric acid: 
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0°2007 gave 0°4821 CO, and 0°0715 H,O. C=65°5; H=3°9. 
C,,H,,O,;N, requires C=65°5; H=3°7 per cent. 

The acetyl derivative was obtained by heating 1°3 grams of the 
substance and 1°5 grams of anhydrous sodium acetate in glacial 
acetic acid for six hours, pouring the solution into dilute alcohol, 
collecting the precipitate, and after washing it with alcohol and 
water, recrystallising it thrice from glacial acetic acid. It separates 
from this solvent in tufts of orange-red needles, and melts at 208°: 

0°1205. gave 0°2837 CO, and 0°0420 H,O. C=64:2; H=3°9. 

C,,H,,0,N, requires C=64°5; H=3°9 per cent. 

The monomercuriacetate was obtained by adding a solution of 
8 grams of mercuric acetate in 30 c.c. of warm water and 10 c.c. 
of acetic acid to 3°7 grams of 4-nitro-2-benzeneazo-a-naphthol dis- 
solved in 1250 c.c. of boiling alcohol. A marked darkening of the 
colour was observed on mixing the solutions, and a red precipitate 
soon began to separate. After being heated on the water-bath for 
twelve hours, the liquid was filtered hot, and the precipitate was 
washed with alcohol, water, and boiling dilute acetic acid until 
the substance was free from soluble mercury compounds. After 
being dried at 110° the product was extracted twice with 200 c.c. 
of boiling benzene to remove any unchanged hydroxyazo-compound. 
The residual mercuriacetate was a red substance with the 
appearance of amorphous phosphorus. It melted and decomposed 
at_ 221—222°, and was practically insoluble in the ordinary solvents. 
It could not be obtained quite pure, but the analysis left no doubt 
that the substance was a monomercuriacetate : 

0°2837 gave 0°0995 Hg. Hg=35'l1. 

C,3H,;30;N;Hg requires Hg=36°3 per cent. 


Mercurie Acetate and Bishenzeneazo-a-naphthol. 


Seven grams of the disazo-compound dissolved in 400 c.c. of hot 
alcohol were heated on the water-bath for six hours with a solution 
of 13 grams of mercuric acetate in water containing a little acetic 
acid. The precipitate was collected, washed thoroughly with hot 
dilute acetic acid, with hot alcohol, and finally with hot benzene 
to remove any unchanged bisbenzeneazo-a-naphthol. The dry crude 
product, weighing 13°5 grams, was crystallised from phenol con- 
taining a little alcohol. It was usually obtained as a dark brownish- 
purple, crystalline powder, but on one occasion the mercuriacetate 
separated in lustrous, black needles with a bronze lustre. 

Bisbenzeneazo-a-naphthol mercuriacetate, 

(CoH;*No)o*Cj9H,(OH)-Hg-CO,*Me, 
softens at 218°, and melts and decomposes at 235—-238°. It shows 
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the usual properties of a mercuriacetate, being almost or quite 
insoluble in the common solvents, and having the mercuriacetate 
group eliminated by acids; it gives with concentrated sulphuric 
acid a reddish-violet coloration similar to that given by the original 
hydroxyazo-compound : 
0°2203 gave 0°3840 CO, and 0°0582 H,O. C=475; H=2°9. 
C,,H,,0,N,Hg requires C=47'2; H=2'9 per cent. 


2/: 4/: 6/-Tribromo-4-nitro-2-benzeneazo-a-naphthol. 


A solution of 8 grams of 2: 4: 6-tribromoaniline in 45 c.c. of 
alcohol and 30 c.c. of concentrated nitric acid was diazotised at 0° 
by cold nitrous fumes, and added slowly to 3 grams of 4-nitro- 
a-naphthol and 30 grams of potassium hydroxide in 1200 c.c. of 
water. After remaining overnight, the precipitate was collected, 
washed with alcohol, digested with hot dilute acetic acid, washed 
with water, and dried in the steam-oven. By repeated solution in 
hot nitrobenzene and precipitation by alcohol, 3°5 grams of a 
brilliant orange-red substance were obtained, which melted at 
213—214°; the hydroxyazo-compound was finally recrystallised 
from boiling amyl alcohol, from which it separates in orange-red 
needles of the same melting point: 

0°2388 gave 0°2534 AgBr. Br=45'2. 

C,,H,O,;N,Br, requires Br=45°2 per cent. 

2!: 4’: 6/-Tribromo-4-nitro-2-b enzeneazo-a-naphthol is very spar- 
ingly soluble in alcohol, benzene, and other low boiling solvents, 
but dissolves readily in hot amyl alcohol, nitrobenzene, or ethyl 
benzoate; it develops, with concentrated sulphuric acid, a cherry- 
red coloration with a violet shade, and forms an acetyl compound 
which melts at 186°. 


2': 4/: 6/-Tribromo-2-nitro-4-b enzeneazo-a-naphthol. 


A suspension of 15 grams of 2: 4: 6-tribromoaniline in 80 c.c. 
of alcohol and 15 c.c. of concentrated nitric acid was diazotised at 
0° by cold nitrous fumes, and the solution added to 5 grams of 
2-nitro-a-naphthol and 5 grams of potassium hydroxide in 3 litres 
of water, a solution of an additional 15 grams of potassium 
hydroxide being added in small quantities from time to time in 
order to keep the mixture alkaline. After remaining overnight, the 
precipitate was collected, washed with water, digested with hot 
dilute acetic acid, and finally boiled with alcohol to remove a little 
2-nitro-a-naphthol. The crude product, weighing 13°3 grams, was 
twice recrystallised from nitrobenzene, washed with alcohol, and 
dried. 


samo O&O cr Oo KF KF DB FH Cr - 


WALKER AND KRIEBLE: THE AMYGDALINS. PART I. 14387 


2!: 4!: 6/-Tribromo-2-nitro-4-benzeneazo-a-naphthol crystallises in 
orange-yellow plates and melts at 216°; it is less soluble than the 
preceding isomeride, and gives an intense violet-red coloration with 
concentrated sulphuric acid: 

0°2225 gave 0°'2353 AgBr. Br=45-0. 

C,,H,sO,N;Br, requires Br=45°2 per cent. 


Bis-2': 4!: 6!-tribromobenzeneazo-a-naphthol. 


The production of this compound from a-naphthol and diazotised 
2: 4: 6-tribromoaniline (2 mols.) was accomplished as in the pre- 
ceding preparation. The substance was purified by repeated 
crystallisation from benzene, whereby it was obtained as a dark 
maroon powder, which melted at 249-—253° and gave a blue 
coloration with concentrated sulphuric acid: 

0°1984 gave 0°2685 AgBr. Br=57°6. 

C..H,yON,Br, requires Br=58°1 per cent. 


In conclusion, the authors desire to express their indebtedness 
to the Research Fund Committee of the Chemical Society for a 
grant in aid of this investigation. 


East LONDON COLLEGE. 


CLXI1.—The Amygdalins. Part I. 


By J. Watuace Waker and Vernon K. Krteste. 


In a previous communication by one of us (Walker, Trans., 1903, 83, 
472) it was demonstrated that /-amygdalin is converted rapidly at 
the ordinary temperature by a very small quantity of an alkaline 
solution into a much more soluble substance, which yields on 
hydrolysis by concentrated hydrochloric acid, not J-mandelic, but 
r-mandelic acid. Although the new material was termed provision- 
ally »amygdalin, proof was wanting that it is even a homogeneous 
substance, since it could not be obtained crystalline. The author 
stated that it was still under examination, and consequently was 
much surprised to find Dakin (Trans., 1904, 85, 1512) claiming 
to have isolated it in crystalline form. It may be well therefore 
to state here that its study had been continued ; that a very soluble, 
crystalline substance had already been isolated from aqueous or 
aqueous-alcoholic solution, which proved not to be r-amygdalin, since 
it yielded mandelie aeid possessed of a high levorotation ; that this 
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substance yielded on fractional crystallisation ordinary or /-amygdalin ; 
that the mother liquor on acid hydrolysis gave a large preponderance 
of d-mandelic acid; that the racemised solution, as was to be 
anticipated, gave benzaldehyde and hydrocyanic acid with emulsin ; 
and that the mandelic acid obtained from the racemised solution was 
in no case absolutely inactive, but always contained a small excess of 
the dextro-variety. There were, however, a number of questions 
which for a long time defied the attempts made to elucidate then, and 
some of these we have only as yet been able to answer in part 
sutisfactorily. 

Regarding the nomenclature to be adopted, we shall employ that 
indicated in the former communication, considering it preferable to 
the iso-amygdalin of Dakin or the neo-amygdalin of Tutin (Trans, 
1909, 95, 663), and designate ordinary amygdalin as /-amygdalin, 
since it yields /-mandelic acid and the isomeride which only differs 
from it in yielding d-mandelic acid on hydrolysis as d-amygdalin, 
leaving to their discoverer the task of assigning names to the similar 
compounds which contain the different varieties of d- and /-glucose. 

In the former communication the simplest assumption was made 
regarding the nature of the change induced in the molecule of 
amygdalin by alkalis, namely, that it consists only in the racemisation 
of the mandelic asymmetric carbon atom, although further change, for 
example, that of a B- into an a-glucoside, was not excluded. We have 
reason now to conclude that a partial change of that nature does 
occur during racemisation, and to a much greater extent on protracted 
concentration of the solution, especially in presence of barium carbonate, 
This of course complicates the problem, and renders it difficult to 
decide whether the small excess of dextro-acid which is invariably 
found on hydrolysis represents a displacement of the equilibrium 
in the transformation levo—dextro beyond the middle point. We 
have proved, however, that the rotation of the racemised solution is 
independent of the nature and of the concentration of the alkali, and 
that the equilibrium point is independent of temperature and of. the 
concentration of the amygdalin. In studying the fractional crystal- 
lisation of the racemised solution, we find that the less soluble fraction 
yields on hydrolysis mandelic acid containing 78 per cent. of the 
levo-variety, and that the more soluble fraction obtained by suitable 
means from the mother liquor gives mandelic acid containing 75 per 
cent. of the dextro-variety. These figures point to the presence of 
the respective compounds (3/+d)- and (3d +/)-amygdalin, but their 
rotations are not quite in conformity with this supposition, nor is the 
behaviour of the second, when subjected to the action of emulsin, such 
as we would expect from a compound having the composition 
(3d +/)-amygdalin, We are driven therefore to the conclusion that 
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the second compound at least does not contain the substance which 
we have termed d-amygdalin, and that the change induced in 
l-amygdalin by alkalis is of a much more complicated nature than has 
been hitherto assumed. 


EXPERIMENTAL, 


The material employed throughout this investigation was Kahlbaum’s 

preparation, Analyses showed that it possesses the formula 
C.9H,0,,N,2H,0, 

and that when it is allowed to crystallise from aqueous solution the 
air-dried material contains 3 molecules of water of crystallisation. 
Its specific rotation, and that of its racemised solution, were 
determined at different temperatures and concentrations. The 
results contained in the following tables, as well as all that follow, 
refer to the anhydrous substance. 


TaBLeE I. Taste II. 
1-Amygdalin. r-Amygdalin 


c=18°54, 
[a]p. 

— 38:0° 
37°1 
35°8 

c=9°27. 

.-41°6° 
40°1 
39°3 
38°8 
38°3 
36°8 
35°8 


Ssussdsds 


Tase III. 
l-Amygdalin, t= 28°5°. 


[a]p. 
— 37°1° 
38°3 
37°8 i 


These observations show a large and approximately equal variation 
with temperature for both substances. The variation with con- 
centration is much smaller in the case of /-amygdalin and negligible 
for r-amygdalin. 

The Equilibrium between Laevo- and Dextro-amygdalin.—Since the 
two forms are not optical antipodes, there seems no reason to expect 
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that the equilibrium point should lie exactly midway between the 
two, and even in the former communication it was noted, as has 
been confirmed by Dakin, that after complete hydrolysis of the 
racemised solution with hydrochloric acid, the ethereal extract did 
possess a slight activity, pointing to the production of a slight excess 
of d-amygdalin, although Liebig and Wéhler’s amygdalinic acid gave 
quite inactive mandelic acid. This has been fully confirmed in a 
large number of subsequent experiments in which the hydrolysis was 
performed both at the ordinary temperature and on the boiling-water 
bath. If the equilibrium point, however, were not situated midway 
between the two extremes, it is probable that by varying the 
conditions of racemisation there would be a consequent displacement 
of the equilibrium point. Of the four variable factors which may 
influence the equilibrium point, namely, temperature, concentration of 
the amygdalin, and the nature and concentration of the alkali, the 
last two will be excluded if it can be shown that the reaction is purely 
catalytic, and this was roughly done in the previous communication. 
It has been considered advisable therefore to obtain more accurate 
proof of the catalytic nature of the change, The alkali, however, 
may also slowly hydrolyse both varieties of amygdalin to their respec- 
tive amygdalinic acids, and, if it does so at unequal rates, but with a 
velocity at all comparable to that of racemisation, the dextro-variety, 
if more rapidly hydrolysed by alkalis, as Dakin has shown (loc. cit.), 
than it is by acids, would be continuously produced from the levo-. 
It was therefore considered necessary to examine also the velocity of 
the change of amygdalin into amygdalinic acid in alkaline solution, 
although the facts recorded formerly, namely, that no ammonia could 
be detected after racemisation, and that amygdalinic acid yields 
y-amygdalinic acid, were strong evidence that alkaline hydrolysis 
is not responsible for the excess of mandelic acid obtained. The 
velocity of racemisation was observed in the 2-dem. tube at 16°. The 
first three solutions were prepared by adding 1 c.c. of the alkaline 
solution to 25 cc. of a 10 per cent. solution of recrystallised 
“amygdalin, the fourth by adding 1 c.c. of alkali to 50 c.c. 


Tasie IV. 
Catalyst, Barium Hydroxide. 1 e.c. added to 25 c.e. 


{Observed Time 

rotation. (in minutes). A-4, K. 

~6°86° (calculated) 0 2°24 — 
772 2 1°38 0°105 
8°31 0*79 0°113 
8°65 } 0°45 0°116 
8°88 § 0°22 07112 
9 09 0°10 0°168 
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TaBLE IV (continued). 
Catalyst, Potassium Hydrowide, 1 c.c. added to 25 c.c. 


Observed Time 
rotation. (in minutes). 
— 6°86° 0 

7°75 

8:28 

8°59 6 

8°85 9 

9°03 14 

9°11 20 

9°11 30 


Catalyst, Lithium Hydroxide. 1 c.c. added to 25 e.c. 


0°105 
0°105 
0°113 
0°108 
0°146 


— 6°86° 
7°72 
8°25 
8°63 
8°86 
9°08 
9°10 


oooomT, 
|] Sm Rwodn 
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Catalyst, Lithium Hydrowide. .c. added to 50 c.e. 


— 700° (calculated) 
7°43 
7°88 
8°21 
8°54 
8°88 
9°11 
9-24 
9°25 


moO 02 00ND 


ooo! po 
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The mean total change of rotation is 2°24°, and as the slight devia- 
tions are well within the limit of experimental error this may be taken 
as a measure of the total chemical action. The values of X, calculated 
by means of the unimolecular equation, are seen to be in satisfactory 
agreement in experiments I, II, and III, whilst that in experiment 1V 
is just half value. Consequently all the alkalis examined racemise 
amygdalin with the same velocity in equivalent solutions, and when 
their concentation is halved the velocity of their action is also 
reduced to half. These are the criteria for a catalytic action. It is 
further important to note that, within the limits studied, the con- 
centration of the alkali has no influence on the end point. As 
these limits are, however, somewhat narrow, it was considered advisable 
to extend them. In the following experiments, which were done at 
25°, the volumes of water and barium hydroxide (1 c.c.=0-0122 gram 

VOL. XCV. 5 B 
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Ba(OH),*) specified were added to 20 c.c. of a 10 per cent. solution of 
l-amygdalin and the final rotation examined in the 1-dem. tube : 


C.c. water. C.c. baryta. Final value of ap. 
1 —3°35° 
5 3°35 
6 3°35 
8 3°35 


It is obvious that the concentration of the alkali is without in- 
fluence. At 25° the velocity of racemisation was so great that the 
change was almost complete by the time that the first reading could be 
taken. 

The velocity of hydrolysis of amygdalin to amygdalinic acid was 
also examined polarimetrically, using a solution of sodium hydroxide 
containing 0°1 gram-molecule in 50 c.c. For this purpose 10 grams of 
recrystallised 7-amygdalin were dissolved in water containing five 
equivalents of sodium hydroxide and diluted to 50 c.c., the change of 
rotation being followed at 20° in the 2-dem. tube : 


TABLE V, 
} # 


000012 
0:00013 
0°00012 
0°00010 
0°00010 
0°00009 


A-2x. 
5°76 
5°16 
4°56 
3°16 
2:26 
1°02 
0°76 
0°00 


7 
‘I 
3) 
‘] 
2 
0 
7 
0 


The initial reading, namely, ~—18-80°, obtained by plotting the 
subsequent values and exterpolating, corresponds with a specific 
rotation for anhydrous 7-amygdalin of [a], —52°5°, which is identical 
with that given in Table 11, showing that the equilibrium point of the 
reaction is the same even at this concentration of alkali as in the very 
dilute. The values of X, calculated from the equation for a 
bimolecular reaction, are in good agreement, and it is evident that the 
time taken is about 1000 times as long as that for racemisation, even 
although the alkali is now more than 300 times stronger. It is 
certain therefore that hydrolysis plays no part during racemisation 
and is not responsible for any excess of d-mandelic acid obtained on 
acid hydrolysis. Concurrent experiments to be described later on 
the fractional crystallisation of r-amygdalin had led us to look upon 
the dextro-variety as an extremely soluble substance compared with its 
leevo-isomeride, which could be isolated by fractional crystallisation from 
the racemised solution, and it seemed natural to associate the over-pro- 
duction of the dextro-variety with its great solubility. If this were the 
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case we should expect to find that, by racemising in a very concen- 
trated solution, a greater excess of the dextro-variety would be produced. 
Consequently a series of experiments were made in which the con- 
centration of the amygdalin varied from c=17°657 to 4°414 and the 
rotations of the resulting racemised solutions were observed. The 
results are contained in Table II. As already stated they show that 
the specific rotation of the racemised solution is independent of ths 
concentration of the amygdalin. Even more concentrated solutions of 
r-amygdalin than these were produced by adding a small quantity of 
baryta solution to solid amygdalin. After acid hydrolysis and 
extraction with ether the mandelic acid obtained had always about the 
same specific rotation, namely, +16°, indicating therefore about 
15 per cent. excess of dextro-acid. A somewhat higher result was 
obtained by the polarimetric; study of the hydrolysis of r-amygdalin. 
The concentration of anhydrous material was 9°442 and the hydrolyst, 
hydrochloric acid (D=1-'1). The change of rotation was followed in 
the 2-dem. tube at 40°. 


Tasie VI, 


Time Time 
(in hours), Gp. (in hours), ap. 
0°5 —19°76° 22 +3°64° 
19°7 41 12°22 
18°64 66 16°74 
15°48 89 18°70 
— 0°88 114 20°16 


There was no further change on prolonged heating at the same 
temperature. If inactive mandelic acid and dextrose be the sole 
products of hydrolysis, the final rotation of the solution should be 
+15°8°, The excess of dextrorotation observed is + 4°4°, which 
corresponds with 21 per cent. excess of d-mandelic acid, since the 
specific rotation of the latter is + 168° when dissolved in that strength 
of hydrochloric acid. We have not yet been able to account for the 
difference in the results obtained by the two methods except on the 
assumption that the dextrose has also undergone some change. 

The last factor which can influence the racemisation and produce 
excess of the dextro-variety is temperature ; consequently, in order to 
investigate this point, two experiments were performed, one at 50°, the 
other at 100°, the amygdalin being racemised in each case with 10 c.c. 
of the baryta solution. After complete acid hydrolysis they were 
extracted with ether and a specific rotation taken of the dry acids. It 
was found in both cases to be 16°. Consequently temperature has no 
influence on the equilibrium point during racemisation. These facts, 
all taken in conjunction, point to the conclusion that there is actually 
a racemic compound in solution, and that the production of an excess 
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of d-mandelic acid from it is due to an inequality in the rates of 
hydrolysis of the two varieties by acid, accompanied by a slow 
racemisation in that medium also. The experiments now to be 
described on the fractional crystallisation of the racemised solution 
indicate, however, that the material contained in it may not be of 
such a simple nature. 

The Partial Resolution of r-Amygdalin.—This had been effected before 
the last communication was published, but, owing to its incompleteness, 
it was reserved for further study and only the statement made that 
the racemic compound could not be obtained crystalline. Successive 
crops of crystals had been obtained, however, either from aqueous or 
alcoholic solution, but these, although showing a far greater solubility 
in water than /-amygdalin, were not constant in specific rotation, nor 
had the latter nearly so high a value as that of the racemised solution. 
Further, it was frequently found impossible to induce crystallisation at 
all, but the syrup obtained on evaporation would dry up to a glassy 
mass. It was found, however, that when a crop of very soluble crystals 
was obtained, it yielded on recrystallisation almost pure /-amygdalin, 
and that, after a large amount of gummy material had been precipitated 
from the alcoholic mother liquor by the addition of ether, the residue left 
on the evaporation of the ether yielded, when hydrolysed with hydro- 
chloric facid, a sample of mandelic acid melting at 120—125° and 
showing a specific rotation of +99°. <A partial separation had there- 
fore been effected by fractional crystallisation and precipitation. In 
a very recent communication Tutin (Trans., 1909, 95, 663) has shown 
that this may also be effected in the case of hepta-acetyl-r-amygdalin ; 
but here also the separation is far from quantitative, for Tutin only 
obtained 9 grams of crystalline material from 20 grams of r-amygdalin 
instead of the theoretical 16:5 grams, and even that was evidently far 
from pure hepta-acetyl-d-amgydalin. This is exactly on a parallel 
with what we have observed in our very numerous experiments 
on the fractional crystallisation of »-amygdalin. We always obtain 
a considerable amount of uncrystallisable gum which yields excess 
of d-mandelic acid on acid hydrolysis, At first it seemed probable 
that this is due to some /-amygdalin separating with the less 
soluble fraction, thus leaving an excess of the non-crystallisable 
d-amygdalin in the mother liquor; but subsequent experiments in- 
volving a study of the action of emulsin on the different varieties, 
and of the electrical resistances of the solutions before and after 
evaporation, have led us to conclude that they may, according to the 
treatment which they have undergone, contain 50 per cent. or even 
more of something which is not one of the amygdalins. Our reasons 
for concluding that it may to that extent have undergone an isomeric 
change will appear in the description of a few of our experiments 
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bearing on that point. Assuming for the present that the solution 
contains only /- and d-amygdalin in equivalent amounts, it is evident 
from the specific rotations of /- and r-amygdalin, namely, — 39°3° 
and —53° in 10 per cent. solution at 20°, that the specific rotation of 
d-amygdalin must be —66°7° under the same conditions. We should 
have therefore for (3/+d)-amygdalin [a], —46°2° and for (3d+/2)- 
amygdalin [a],-—59°9°. The best method yet devised for conducting 
the fractional crystallisation is as follows. After racemising 200 
grams by baryta, the solution was saturated by carbon dioxide and the 
barium carbonate removed by filtration. ‘The filtrate was evaporated 
to a syrup, and dissolved in a litre of 95 per cent. alcohol. After 
being kept at 0° for several hours, 80 grams of crystalline material 
were obtained. On drying over phosphoric oxide in a vacuum it lost 
weight equivalent to two molecules of water of crystallisation. The 
specific rotation of the anhydrous substance was c=9-27, ¢=28°5°, 
ay —8°65°; hence [a], -46°6°. At 20°, therefore, its specific rotation 
must be — 47°7°, assuming that the temperature coefficient is the same 
for this substance as for the other two. This value is in fairly close 
agreement with that calculated above for a substance possessing the 
composition of (3/+d)-amygdalin. Ten grams of it were hydrolysed 
with hydrochloric acid (D 1°118), and the mandelic acid, after extraction 
with ether, was converted into the barium salt (3°7 grams). Analysis 
showed that it was almost pure barium mandelate. When dissolved in 
water and diluted to 50 c.c., it showed a rotation of ap —6°8° at 20° in 
the 2-dem. tube. The specific rotation of pure barium /-mandelate was 
found to be[a], — 80°9° under the same conditions; hencethe concentration 
of levo-salt in excess in the above solution is c= 68 x 100/80°9 x 2 = 4:2. 
Therefore 3°7 grams contain 2°1 grams of levo-salt in excess and 1°6 
grams of racemic salt or a total of 78-4 per cent. of the levo- com- 
pound. That this crystalline material is mainly a definite compound 
and not a mixture of /- and r-amygdalin was evident from the extreme 
ease with which it dissolved in water. From the result of its hydrolysis, 
however, it evidently contained a small quantity of free /-amygdalin. 
After being twice crystallised from water, it gave, on acid hydrolysis, 
a sample of mandelic acid, showing the specific rotation [a], — 142°5°. 
It contained, therefore, less than 8 per cent. of d-mandelic acid. The 
original mother liquor from the 200 grams of amygdalin was con- 
centrated to a syrup and then extracted with 300 c.c. of a boiling 
mixture containing one part of alcohol to three of ethyl acetate. The 
residue, obtained after evaporation of the solvent, was dried over 
sulphuric acid until constant in weight. It weighed 35 grams. As it 
was non-crystalline, we had no criterion that it was a chemical 
individual. It was therefore re-dissolved in 350 c.c. absolute alcohol, 
and this solution kept for some time at about -18°% The crystalline 


1446 WALKER AND KRIEBLE: THE AMYGDALINS. PART I. 


material (10 grams) which separated was rapidly dried and transferred 
at once to weighing bottles. These precautions are necessary, for at 
a slightly higher temperature the crystals liquefy. The material in 
the weighing bottles rapidly melted, and was kept in a vacuum over 
sulphuric acid until constant in weight. In this way it lost 35 per 
cent. in weight, corresponding with 5°35 molecules of alcohol. The 
material dried over sulphuric acid was employed for determining its 
specific rotation with the following results : e=5'9, ¢=29°, 7=1-dem., 
ay —3°25°; hence [a],—55°1°. At 20°, therefore, its rotation will be 
about —56°. Ten grams of it, when hydrolysed as above, yielded 
4°35 grams of barium mandelate, showing the rotation c = 8-7, / = 2-dem., 
ay +7°25°. It therefore contained 75-7 per cent. of dextro-salt. Its 
rotation, however, does not correspond with the value calculated 
for (3d +7)-amygdalin. The alcoholic solution from which this modi- 
fication of amygdalin was obtained yielded further crops of the same 
material on evaporation. 

Action of Emulsin on the Amygdalins.—When a solution of emulsin 
was added to the racemised solution of amygdalin and the, mixture 
kept for several hours at 40° in a closed flask, it acquired a strong 
odour of oil of bitter almonds. This was also observed by Dakin 
(loc. cit.), but this qualitative observation is of no further value than 
to afford proof that the solution still contains /-amygdalin. A series of 
comparative experiments has therefore been conducted quantitatively 
to determine the action of emulsin on these different substances. The 
emulsin employed was Kahibaum’s preparation. After the solutions 
had been heated at 40—45° for twenty-four hours, the liberated hydro- 
cyanic acid was estimated by the method described by Auld (Trans., 
1908, 93, 1277) and the dextrose by Fehling’s solution. ‘The former 
we found far from satisfactory, as the end point is by no means sharp, 
although accurate enough for comparative results. In the following 
table are given the averages of several determinations, 


Taste VII. 


0°2833 gram of 1°89 grams 
substance required yielded of 
of V/50-iodine dextrose 
(in grams). 
i-Amygdalin ‘ 1°5 
v-Amygdalin A‘ 119 
(3d + /)-Amygdalin (?) z — 


Siace the values of iodine for the first two are very nearly in the 
ratio 2:1, the conclusion seemed obvious that emulsin only liberates 
hydrocyanic acid from the /-amygdalin present, and, as the amounts 
of dextrose are approximately in the ratio 4:3, that it is only capable 
of removing one molecule of dextrose from the supposed d-amygdalin. 
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If it contains d-amygdalin, the second substance ought to yield, on 
partial hydrolysis by emulsin, d-mandelonitrile glucoside. But Cald- 
well and Courtauld (Trans., 1907, 91, 673) have pointed out that the 
substance sambunigrin, isolated by Bourquelot and Danjou (Compt. 
rend., 1905, 141, 598) from elder leaves, must be d-mandelonitrile 
glucoside ; consequently our solution ought to contain sumbunigrin. 
That it does not contain that substance, however, was proved by the 
fact that emulsin is unable to hydrolyse it, for no further change took 
place on heating at 40° for forty-eight hours longer. We therefore 
attempted to isolate the new substance by concentrating to a syrup 
and extracting with ethyl acetate, but the residue left after evaporating 
the ethyl acetate did not crystallise even after a long period. This 
result led us to conclude that some further change than simple 
racemisation had taken place in the amygdalin molecule ; accordingly, 
another set of comparative experiments was made to determine 
whether it is contemporaneous with, or subsequent to, racemisation. 
The concentration of the emulsin was lower in these, so that it is 
improbable that hydrolysis was carried as far as in the previous 
experiments. 


0-3 gram substance required of V/50-iodine : 


(1) Racemised without heating 
(2) Racemised and dried for 4 hours on the water-bath 


These results suggested an explanation of several difficulties, showing 
as they do that a profound change takes place when the solution 
is evaporated to dryness. They indicated a reason for the large 
quantities of uncrystallisable material which we frequent’y obtained, 
and pointed to a probable change in the rotatory power of the 
racemised solution by protracted evaporation. Our early determina- 
tions of this constant had shown considerable inexplicable divergences 
from each other. There are three possible directions in which the 
structure of the molecule may be affected by heating. It may suffer 
an isomeric change in one or both of its dextrose radicles, it may lose 
one dextrose radicle by hydrolysis, or it may be hydrolysed to 
the ammonium salt of amygdalinic acid. Tat dextrose was not 
liberated was shown by testing the evaporated material with Fehling’s 
solution. The result was negative. As none of the ordinary methods 
of testing for the presence of an ammonium salt recommended them- 
selves in this case, we finally decided to take the decrease in electrical 
resistance of the solution as a measure of the amount of such hydrolysis, 
and, at the same time, to measure the change in optical power. In the 
cell which we employed the ordinary distilled water of the laboratory 
had a resistance of 16,000 ohms at 19°, whilst a 5 per cent. solution of 
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the material employed, namely, C,,H,,0,,N,3H,O, had a resistance of 
2,444 ohms. 

For the purpose of comparison 5 grams of the same sample 
were boiled with excess of baryta until all the ammonia was expelled ; 
then carbon dioxide and ammonia were passed into the solution to 
precipitate all the barium as carbonate and give a solution of 
ammonium amygdalinate. This was thoroughly boiled to expel dis- 
solved gases, diluted to 100 c.c., and found to be neutral in reaction and 
free from barium. Its specific rotation was [a]j — 72°, and its resist- 
ance 15 ohms. In the following three experiments 2°5 grams of 
l-amygdalin were racemised with baryta, and, after precipitation of the 
latter by carbon dioxide, were evaporated on the water-bath for the 
times specified. They were then diluted to 50 c.c., filtered, and their 
electrical resistances and specific rotations measured. In the first 
experiment 10 c.c. were hydrolysed by emulsin for twenty-four hours, 
and the liberated hydrocyanic acid was titrated with V/50-iodine. 


Tas.Le VIII. 


Time 
(in hours). Ohms. {a]> (anhydrous). C.c. W/50-iodine. 


8 148 — 61°0° 24 
4 200 60°C _ 
2 273 52°7 —_ 


If we assume as an approximation that the resistance of a solution 
of ammonium amygdalinate is proportional to its concentration, the 
5 per cent. solution of that salt would evidently require to be diluted 
to nearly ten times its volume to show a resistance equal to the first 
of these. That is tosay, 10 per cent. at most of the amygdalin has been 
hydrolysed. When we examine the specific rotations, however, we 
find that 61 —52/72 -52=9/20ths, or 45 per cent. has been changed, 
assuming hydrolysis to be the cause. In the third experiment, con- 
ditions are reversed, for there practically no change has occurred in the 
optical properties of the solution, although its resistance would indicate 
5 per cent. of hydrolysis. Finally, without any assumption as to the 
nature of the change, @hen the amount of hydrocyanic acid liberated 
is compared with that produced under similar conditions from a race- 
mised solution which has not been heated, we find that 66 per cent. has 
been changed, for such a solution required 70 c.c. V/50-iodine. We 
must conclude, therefore, that the chief change which takes place on 
protracted heating is not a hydrolytic one, but consists in some intra- 
molecular transformation, a new isomeride of amygdalin being pro- 
duced which probably bears to amygdalin the relationship of an 
a-glucoside to a B-glucoside. Our experiments are, however, not yet 
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decisive as to whether the freshly racemised solution contains 
d-amygdalin or not, but we are continuing the study of the subject. 


MACDONALD CHEMISTRY AND MINING BUILDING, 
McGitt UNIVERSITY. 


CLXIL—The Action of the Grignard Reagent on 
Phthalic Esters. 


By Yotsr Surpara. 


Tue action of the Grignard reagent on succinic esters results 
according to A. Valeur (Bull. Soc. chim., 1903, [iii], 29,683) and W. 
Dilthey and E. Last (Ber., 1904, 3'7, 2640) in the production of tetra- 
alkylbutandiols, OH*CRR-CH,°CH,°CRR-OH. I have recently studied 
the action of the same reagents on phthalic esters, which are known to 
have an analogous constitution to succinic esters, expecting that, in 
this case also, glycols would be produced. It was found, however, 
that this is by no means the case, derivatives of phthalide being 
produced according to the following scheme : 
CHG + 2R MEX —> CHG Re > CHGS >O. 
Generally, however, the reaction proceeds one step further, the 
ketone group contained in dialkylphthalide, thus formed, combining 
with another molecule of the Grignard reagent, and the resulting 
compound decomposing in contact with water and producing the 
anhydro-compound,* as shown below : 


R’/MgX 


and H,O ‘ 
The resulting compound is thus a derivative of phthalan (o-xylylene 
oxide), 


H. 
CH < oy >0 


(A. Ludwig, Ber., 1907, 40, 3062). The intermediate carbinol could 
not be isolated. 


* It appears likely that the dehydration is due to the action of the excess of the 
Grignard reagent employed (compare F. W. Kay and W. H. Perkin, jun., Trans., 
1906, 89, 848, etc.). 
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This difference in the action of the Grignard reagent on the esters 
of succinic and phthalic acids may be easily explained by taking into 
consideration the position of the carboxyl groups in the molecule of 
the two acids. 

As first pointed out by H. G. Bethmann (Zeitsch. physikal. Chem., 
1890, 5, 409), certain properties of succinic acid correspond with the 
following space formula, with its two carboxyl 
groups in the ¢rans-position, and the ease with 
which succinic esters react with four molecular 
proportions of the Grignard reagent and produce 
glycols can be readily explained by adopting the 
same formula, the two carboxyl groups in the 
trvans-position having no space influence on the 
course of the reaction. In the case of phthalic 

CO.H acid, however, only one ester group reacts with 

two molecular proportions of the Grignard re- 

agent, as already pointed out, and phthalide is formed as the inter- 

mediate product. This must be considered as due to the steric 

hindrance, or, in other words, to the effect of the cis-position of the 
two carboxyl groups in phthalic acid, 

On the other hand, F. Ullmann and C. Schlaepfer (Ber., 1904, 
37, 2003) obtained tetraphenyl-p-xylylene glycol, 


x Ph, OH, 

by the action of magnesium phenyl! bromide on dimethyl terephthalate, 
the reaction being evidently quite analogous to that which occurs in 
the case of succinic esters. It thus appears very probable that the 
two carboxyl groups in terephthalic acid are in the trans-position. 

These considerations enable us to discuss a little more fully than 
hitherto the different space formule of benzene proposed from time to 
time. The following may be regarded as their representatives : 


Fic. I. 


Graebe (Ber., 1902, 35, 526). Sachse (Ber., 1888, 21, 2530). 
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Fie. III. Fie. IV. 


Vaubel (J. pr. Chem., 1891, [ii], 44, 137). | Baeyer (Annalen, 1888, 245, 123). 
Erlenmeyer, jun. (tbid., 1901, 316, 57). 


Of these, neither III nor IV appear to be in agreement with the 
facts mentioned above, for, according to III (which is constructed by 
laying six tetrahedra alternately above and below the plane formed 
by their bases), phthalic esters, in reacting with the Grignard reagent, 
should, like terephthalic and succinic esters, also give glycols, which 
is not found to be the case, whilst in 1V (which is constructed by 
laying six tetrahedra on a plane hexagon), although the distance 
between the para-positions is double that between the ortho-positions, 
the two carboxyl groups in terephthalic acid have the same orienta- 
tion, and must therefore, to a certain extent, have a hindering in- 
fluence on each other in carrying out the Grignard reaction, This 
again is not the case. 

On the other hand, both I and ITI satisfy the main condition that the 
two carboxyl groups in phthalic acid are in the cis-position, whilst 
those in terephthalic acid are in the érans-position. 

The choice between these two is not so easy to make. But, as will 
be shown hereafter, I have obtained 1 : 1-diphenyl-3-phenylenephthalan, 


CPh, 
Cc Ho: C, Ho 


by the action of magnesium phenyl bromide on diethyl phthalate, this 
compound being, no doubt, produced through the intermediate forma- 


tion of the alcohol, C,H ‘XS OPAC Hl) 


in a general way, the alcohol losing ca from the group :‘CPh-OH. 
Now, there are three possible ways in which water may be separated 
from this group, according as the condensation occurs in the ortho-, 
the meta-, or the para-position, thus producing one or other of the 
following three double rings : 


7\>>0, as already indicated above 


(A.) 
Referring to formule I and III, which are to be preferred to 
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formule III and IV, as already indicated above, we shall easily find 
that formula II, proposed by Sachse, which is constructed in such a 
way that the six tetrahedra are all rigidly combined with one another, 
and in which the distance between the two free solid angles of any two 
adjacent tetrahedra is too great for a third tetrahedron of the same 
size to fit in, cannot account for the formation of a double ring (A), 
and still less for the formation of (B) or (C). 

In Graebe’s model, on the other hand, any one of the three pairs of 
tetrahedra, connected together through two of their solid angles, can 
be rotated about the points through which it is connected with the 
other two pairs, and in this way any two adjacent free solid angles 
can be brought closer together until the distance between them is 
equal to the length of an edge of the tetrahedron, and, with it, the 
completion of a double ring (A) offers no difficulty. 

If three pairs of tetrahedra are supposed to be rotated in the 
manner described above, then, in the limiting case, model I would 
coincide with model IV, and the distance between the two meta-posi- 
tions would become equal to the length of an edge of the tetrahedron, 
which would render the completion of the ring (B) possible. But, as 
already explained, formula IV cannot be reconciled with certain facts, 
and the formation of a double ring (B) must therefore be regarded as 
improbable. 

Again, even in the limiting case above supposed, the distance 
between the two free solid angles in the para-position is too great for 
the third tetrahedron to fit in between them, so that the formation 
of the double ring (C) is likewise improbable. 

It thus appears that, of all the space formule hitherto proposed, 
that of Graebe, which is nothing but a representation in space of 
Kekule’s well known formula, is in best agreement with the facts, 
and that 3-phenylene-1 : 1-diphenylphthalane, to be described presently, 


contains the double ring,| _—>. 


EXPERIMENTAL. 


The Action of Magnesium Methyl Iodide on Diethyl Phthalate. 


Diethyl phthalate (1 mol.), diluted with four times its volume of 
absolute ether, was added gradually to magnesium methyl iodide 
(4 mols.). After about twenty hours, the product was decomposed by 
adding ice and dilute sulphuric acid, and the ethereal layer was well 
washed and dried. On distilling off the ether, there remained a very 
viscid, dark yellow oil with a faint odour, somewhat resembling that of 
petroleum. 
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At the ordinary temperature, the oil was so viscid that it did not 
flow out of a vessel even when held upside down, but at about 40° it 
began to soften, and at about 79° became sufficiently mobile to be 
transferred from one vessel to another. ‘The oil was now subjected to 
fractional distillation under 5 mm. pressure, when almost the whole of 
it distilled between 140° and 155°, and the main portion of it 
at 145—146°. The distillate, which had a faint yellow colour 
and a characteristic odour, gave the following results on analysis : 

0°1911 gave 05805 CO, and 0°1249 H,O. C=82°85; H=7°31. 

02083 ,, 0°6317 CO, ,, 0:1443 H,O. C=82°71; H=7°75. 

C,,H,,0 requires C= 82°50 ; H=7-50 per cent. 
That this substance is 1 : 1-dimethyl-3-methylenephthalan, 
—-CMe,- 
CH occH,) > o 
was proved by the study of its oxidation product. On oxidising the 
oil with chromic acid mixture, or by shaking with an acid solution of 
potassium permanganate, dimethylphthalide, C,H Rte! was 
obtained : 
0:1769 gave 0°4846 CO, and 0:1000 H,O. C=74°71; H=6°32. 
C,,H,,0, requires C= 74:03 ; H=6-23 per cent. 

Dimethylphthalide has already been obtained by R. Kothe (Annalen, 
1888, 248, 56) and H. Bauer (Ber., 1904, 37, 735). The properties 
of my sample agreed well with the description given by these authors, 
except as to its melting point (69—71°), that given by Bauer being 
68—69°. A similar difference in the melting point was aiso observed 
in the case of dibenzylphthalide to be described later. 

The existence of a double linking in 1: 1-dimethyi-3-methylene- 
phthalan can be proved easily by the action of bromine on it, a 
solution of bromine in chloroform, when added to one of the substance 
in the same solvent, being decolourised at once. 


The Action of Magnesium Phenyl Bromide on Diethyl Phthalate. 


Precisely as in the preceding case, diethyl phthalate and magnesium 
phenyl bromide were mixed together in the proportion of 1 to 4 
molecules, and the product was decomposed as before. After distilling 
off the ether, there remained a yellow, viscous oil with an odour 
resembling that of phenol, and showing a splendid green fluorescence. 
The crude oil was subjected to steam distillation in order to remove 
diphenyl, which was formed as a by-product. The oily residue was 
then fractionally distilled under 8 mm. pressure, and it was found 
that the first portion of the distillate, which solidified in scaly 
crystals, consisted of diphenyl], which had escaped distillation with 
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steam. The main portion distilled between 280° and 295° as a 
very viscous oil, and, on cooling, solidified as yellow crystals. These 
were recrystallised from a mixture of chloroform and ether, when 
small, colourless, glistening crystals melting at 194—195° were 
obtained : 
0:2240 gave 0°7390 CO, and 0°1081 H,O. C=89:97; H=5:39. 
02030 ,, 0°6674CO, ,, 0°0972 H,O. C=89°97; H=5:37. 
C,,H,,O requires C= 90°14 ; H=524 per cent. 


1 : 1-Diphenyl-3-phenylenephthalan, CoCo. 0, is very 
ae 


readily soluble in chloroform, moderately so in benzene or ether, and 
sparingly so in alcohol or light petroleum. Its solution decolourises 
neither bromine nor potassium permanganate. As already stated 
in the introduction, this substance doubtless contains the ring, 


\ 
\ 
> and a few other substances, such as carone and its derivatives, 


are known to contain the same ring. 


The Action of Magnesium Benzyl Chloride on Diethyl Phthalate. 


On decomposing the reaction product by adding ice and dilute 
sulphuric acid, a considerable quantity of a white, crystalline substance 
was obtained. It was found to be insoluble in water, alcohol, ether, or 
light petroleum, moderately soluble in benzene, and very soluble in 
chloroform, and could therefore be conveniently recrystallised from a 
mixture of chloroform and ether. When thus purified, it was obtained 
in small, colourless needles melting at 207°. Its properties agreed 
well with the description of dibenzylphthalide, 


7 H,Ph 
C,H, OP D)>O, 


given by H. Bauer (Zer., 1905, 38, 240), except that this author gives 
204° as its melting point. An analysis of the substance left no doubt 
as to its being dibenzylphthalide : 

01502 gave 0°4634 CO, and 0:0795 H,O. C=84:14; H=5°92. 

C,.H,,0, requires C= 84:02 ; H=5:79 per cent. 

On distilling off the ether from the ethereal solution separated 
from the aqueous layer and the crystals of dibenzylphthalide, a brown 
oil was left behind, which solidified to a colourless, crystalline mass. 
It was recrystallised from a mixture of chloroform and alcohol. 
Brilliant minute crystals melting at 150°5° were thus obtained : 

0°1957 gave 0°6412 CO, and 0°1071 H,O. C=89°36; H=6:12. 

C,,H,,0 requires C = 89°64 ; H= 6-23 per cent. 


mee FF YF OCCU UOrlTlUlUCUW 
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1 : 1-Dibenzyl-3-benzylidenephthalan, OH OORPR YO thus 
obtained, is very soluble in chloroform, moderately so in benzene or 
ether, and almost insoluble in alcohol or light petroleum. When 
oxidised with potassium permanganate, 1 : 1-dibenzyl-3-benzylidene- 
phthalan is readily converted into dibenzylphthalide. The action of 
bromine on 1: 1-dibenzyl-3-benzylidenephthalan in chloroform or 
carbon bisulphide solution is exactly the same as that on 1 : 1-dimethyl- 
3-methylenephthalan, and takes place very easily at the ordinary 
temperature. 


The Action of Magnesium Ethyl Halides on Phthalic Esters. 


The action of magnesium ethyl bromide and magnesium ethyl 
iodide on diethyl phthalate and the action of magnesium ethyl iodide 
on dimethyl phthalate were studied, but in these cases no phthalan 
derivatives were obtained, the only definite product isolated being 
diethyl phthalide. 

On the usual treatment, a brownish-yellow oil, having a disagreeable 
odour resembling that of onions, was obtained in each case, but on 
fractional distiliation under 12 mm. pressure, it gave no constant 
boiling portion until the thermometer rose to 165°, when nearly the 
whole of the remaining portion distilled over. This portion, after 
refractionation, was analysed, with the following results, and was 
proved to consist of diethylphthalide : 

0°2444 gave 0°6754 CO, and 0°1653 H,O. C=75°37; H=7°56. 

C,,H,,0, requires C= 75°75 ; H=7°43 per cent. 
Diethyl phthalide, CH, >0, has already been obtained by 
R. Kothe (Annalen, 1888, 248, 67) and H. Bauer (Ber., 1904, 37, 
735) ; the former isolated it as an oil boiling at 210—214°/210 mm., 
whilst the latter obtained it in crystals melting at 54°. 

In order further to identify the above product, I prepared its mono- 
nitro-derivative according to the method described by Bauer. ‘The 
crystals obtained melted at 104°, and agreed in this and other respects 
with the description given by Bauer. 


Summary. 


(1) In spite of the great analogy existing between phthalic acid 
and succinic acid, the action of the Grignard reagent on phthalic 
esters differs from that on succinic esters in producing derivatives of 
phthalide, instead of glycols. 

(2) More frequently, the reaction between the Grignard reagent 
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and phthalic esters proceeds one step further, with the production of 
the derivatives of phthalan. 1: 1-Dimethyl-3-methylenephthalan, 
1 : 1-diphenyl-3-phenylenephthalan, and 1 : 1-dibenzyl-3-benzylidene- 
phthalan have thus been obtained. 

(3) Various space formule proposed for benzene are discussed 
from the point of view of the experimental results obtained in this 
investigation, and it is shown that Graebe’s model, which represents, 
spatially, Kekulé’s ring formula, accounts for the facts in the most 
satisfactory manner. 


THE CHEMICAL INSTITUTE OF THE COLLEGE OF SCIENCE, 
IMPERIAL UNIVERSITY OF ToKyo. 


CLXIIL.—Primary Interaction of Chlorine 
and Acetanilides. 


By Kennepy JosepH Previtf Orton and WILL1amM JAcoB JONES. 


Ir has often been suggested that the primary union of reagents 
with anilines and anilides is through the nitrogen atom, subsequent 
changes (possibly intramolecular) leading to the formation of the 
substituted aniline or anilide. In the case of chlorine (or bromine), 
such a primary product may be a compound in which the nitrogen 
is quinquevalent, or the chloroamine with tervalent nitrogen formed 
from the first: 
Ac 


ArN<{ —> Ar-NCl-Ac + HCl. 
Nol 


That the chloroamine is not, in a strict sense, an intermediary 
in the chlorination of anilides follows from Armstrong’s discovery 
that the presence of hydrochloric acid is essential for the conversion 
of the chloroamine into the isomeric chloroacetanilide. This 
observation gives a strong prima facie case for the view that the 
complex in which the nitrogen is quinquevalent is the actual 
intermediary (compare Orton, Proc. Roy. Soc., 1902, 71, 156). It 
is difficult to understand, however, why hydrochloric should in that 
case be. the only acid capable of forming with the chloroamine 4 
salt in which the chlorine can migrate to the nucleus.* 


* The more recent work of Blanksma and the views expressed by Acree will be 
referred to in a subsequent paper, 
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In the course of some experiments on the interaction of various 
acids (hydrochloric, hydrobromic, sulphuric, hydrofluoric, etc.) with 
chloroamines, it was found that chlorine could always be detected when 
hydrochloric acid, but not when one of the other acids, was present. 
This fact has led us to investigate the interaction of hydrochloric 
acid and chloroamines, and its converse, the primary interaction of 
chlorine and anilides. 

It has been found that an equilibrium: 


Ar-NH-Ac + Cl, — Ar-NCl-Ac + HCl, 


is always rapidly established in the first instance, and is then slowly 
disturbed by the formation of the chioroacetanilide.* 

The composition of the system when in equilibrium is determined 
by measuring the free chlorine, by aspirating a small volume of 
air through the solution. Comparison of the amount of chlorine 
evolved in the air current with that given off by standard solutions 
of chlorine in the same solvent allows of a measurement of the free 
chlorine in the solution. The details of the method are given in 
the experimental part. 

Our results show that the composition of the system in 
equilibrium depends (apart from temperature and concentration 
of the components) on various factors, namely, the solvent, the 
nature of the acyl group, and the nature and number of the 
constituents in the benzene nucleus. Unsubstituted acetanilide is 
so rapidly chlorinated that it is not possible to determine the 
composition of the system by this method. 

Solvent.—As solvent, it is only feasible to use acetic acid, or 
mixtures of acetic acid and water; alcohols or acetone are attacked 
too rapidly by the chlorine. Although carbon tetrachloride and 
chloroform cannot be used for quantitative measurements, owing 
to the insolubility of the hydrochloric acid, it is of interest to 
note that when a gram-molecular proportion of this acid in aqueous 


* We have not discussed in this paper the possibility that the hydrolysis of 
chlorine by water precedes the formation of chloroamine, or vice versd, that the 
hydrolysis of the chloroamine precedes the formation of chlorine : 


Cl+H,O—"-HCl1+ HClO ; HC]IO+ Ar*-NH*Ac—“Ar*NCl*Ac + H,0. 


Since in our numerous experiments nothing has appeared to require such inter- 
mediate reactions, we have chosen the simpler view that chlorine can directly 
interact with anilides, and hydrochloric acid with chloroamines. It may be 
mentioned that our study of chlorine solutions show that, although the small 
amount of hydrolysis of chlorine in aqueous solution first determined by Jakowkin 
(Zeitsch. physikal. Chem., 1899, 29, 626) can be readily recognised by our aspiration 
method, there is no indication of such a hydrolysis in solutions of acetic acid above 
50 per cent. Furthermore, it is precisely in these circumstances when the 
hydrolysis of the chloroamine is least, namely, in glacial acetic acid, that the 
reaction with hydrochloric acid is most extensive. 
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solution is shaken with a solution of acetylchloroamino-p-chloro- 
benzene in carbon tetrachloride, p-chloroacetanilide, which is very 
slightly soluble in that medium (100 c.c. dissolve 0°03 gram at 15°), 
begins directly to separate. 

The proportion of water has a very marked effect on the com- 
position of the system. In glacial acetic acid (99°5 per cent.), at 
a concentration of 0°025 gram-molecule per litre, the right-hand 
side of the equation is not detectable. On adding water, reaction 
between the chlorine and the anilide takes place, until with 50 per 
cent. of water, in the case of the majority of anilides, the system 
consists, when the concentration is 0°025 gram-molecule per litre, 
nearly completely (98 per cent.) of chloroamine and hydrochloric 
acid (see table I): 


Taste I. 
Percentage of chlorine combined in 

(i) 65% (ii) 75% — (iii) 90% acetic acid. 
p-Chloroacetanilide — 
p-Nitroacetanilide 68 
2 : 4-Dichloroacetanilide over 95 
2 : 4-Dichloroformanilide over 95 
2 : 4-Dichlorobenzanilide 89 
3-Tribromoacetanilide over 95 


The nature of the equilibrium, as well as the composition of the 
system, is also affected by the composition of the solvent. In 90 per 
cent. acetic acid a constant is given by the equation: 


K= (cthloroamine x chydrochloric acid) /(gchlorine x onnilide), 


the concentrations being expressed in gram-molecules per litre; 
but with a higher proportion of water, for example, 75 per cent. 
acetic acid, this equation gives no constant (see table III): 


TaB.eE IT. 


Values of equilibrium constants in 90 per cent. acetic acid: 


2 : 4-Dichloroacetanilide 
2: 4-Dichloroformanilide 
2: 4-Dichlorobenzanilide 
p-Nitroacetanilide 
s-Tribromoacetanilide 
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TaBeE III. 


2: 4-Dichloroacetanilide in 75 per cent. acetic acid at 15°. The 
equilibrium constant, K =6°6, is calculated on the numbers enclosed 


in a rectangle: 

‘* Chlorine free” expressed 
as a percentage of the 
maximum amount of 

chlorine obtainable 
from the system. 
— 


" Found. Calculated. 
19°3 28°0 
20°9 28°0 
34°3 38°7 
45°5 —- 
45°7 -— 
63°2 55:0 


Chlorine carried over by 

the air current expressed 

~ in c.c. WV/10-solution. 
an 


Found. 


Concentration in gram- 
molecules per litre. 
A. 


Hydrogen 
chloride. 

0°025 

0°025 
2x 0°025 
3 x 0°025 
3 x 0°025 
5 x 0°025 


Calculated. 
1°54 


Chloroamine. 
0°025 
0°025 1°54 
0°025 2°12 
0°025 2 — 
0°025 ‘ 
0°025 


3°02 


In 65 per cent. acetic acid, although a constant is not given by 
the above equation, the equilibrium is expressed by the equation: 
ro (cchloroamine x c2 hydrochloric acid) /[(cehlorine x csnilide), 


as is illustrated in table IV: 


TasBLe LV. 
K/=0°093. 


‘* Chlorine free” expressed 
as a percentage of the 


p-Nitroacetanilide in 65 per cent. acetic acid at 15°. 


Chlorine carried over by 
the air current expressed 


Concentration in gram- 
in c.c. V/10-solution. 
A... 


molecules per litre. 
A— 


maximum amount of 
chlorine obtainable 
from the system. 
A. 


—~ co 


Calculated on 
equilibrium. 
(1) K (2) K’ 
44°2  30°4 


Calculated on 
equilibrium. 
(1) K (2) K’ 
8°54 2°44 


i ydrogen 


chloride. Found. 


Chloroamine. Found. 


2°57 


saa} 


0°025 
0°025 
0°025 


0°025 
3 x 0°025 
3 x 0°025 


68°1 


The value of K’ for 2: 4-dichloroacetanilide in 65 per cent. acetic 
acid is 4°47, and for 2: 4-dichlorobenzanilide, 1°06. In 75 per 
cent. acetic acid, the hydrochloric acid is only partly ionised,* and 
hence the equilibrium is not represented by either equation alone. 

Acyl Group.—tThe results (table I) appear to show that the 


* These facts would appear to indicate that in dilutions of acetic acid down to 
90 per cent. acetic acid, hydrochloric acid, at the concentrations used, 0°006 
—0'1 gram-molecule per litre, is not appreciably ionised, whilst in 65 per cent. 
acetic acid, ionisation is complete ; at intermediate concentrations of acetic acid, 
for example, 75 per cent., hydrochloric acid is partly ionised between the limits of 
the concentrations just mentioned. 
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acyl group has a steric effect on the equilibrium, thus the largest 
amount of chlorine is free when the benzoyl group is a constituent 
of the anilide. 

Substituents in the Benzene Nucleus.—It is remarkable that the 
presence of two bromine atoms in the ortho-position with respect 
to the imino-group so greatly diminishes the proportion of free 
chlorine in the system (chlorine combined in 75 per cent. acetic 
acid =86 per cent.). Equally remarkable is the effect of the nitro- 
group in the para-position (chlorine combined in 75 per cent. acetic 
acid=39°5 per cent.). Measurements made with p-chloroacet- 
anilide, which, owing to the rapidity of chlorination, are less exact, 
show that it is the nitro-group, and not the position occupied, that 
is singular. In the case of p-chloroacetanilide, the chlorine 
combined is greater than in the case of 2: 4-dichloroacetanilide, 
namely, 94 instead of 80 per cent. (table I). 

Effect of Acids, Chlorides, and Sodium Acetate on the 
Equilibrium.—Whilst the addition of sulphuric acid alone to a 
solution of a chloroamine does not cause the appearance of chlorine, 
the addition to the system : 


Ar*-NH:Ac+Cl, = Ar*NCl:Ac + HCi, 


increases slightly the proportion of uncombined chlorine. Thus, 
using 2: 4-dichloroacetanilide, the following results are obtained 
in 75 per cent. acetic acid. When the concentration of the anilide 
and chlorine are each initially 0°025 gram-molecule, and the 
sulphuric acid 1°5 x 0°025, the percentage of chlorine free is 23, 
whereas, in the absence of sulphuric acid, the percentage of chlorine 
free is 20. 

The presence of potassium chloride (at equivalent concentrations) 
has very much the same effect as sulphuric acid ; thus the chlorine 
free in 75 per cent. acetic acid is raised from 20 to 24 per cent. 

The addition of sodium acetate to the system has, on the other 
hand, a very marked effect. Thus, in glacial acetic acid, no 
chlorine is combined, but in the presence of one molecular pro- 
portion of sodium acetate only 50 per cent. remains free. In 75 
per cent. acetic acid, the chlorine free is similarly reduced from 
20 to 10°7 per cent. y 

Effect of Temperature.—The effect of raising the temperature to 
20° is to displace the equilibrium in favour of the anilide and 
chlorine. In 90 per cent. acetic acid, using dichloroacetanilide, the 
chlorine combined at 20° is 28 per cent., whilst at 15° it is 34 per 
cent. (see table V): 
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TABLE V. 


‘*Chlorine free’ expressed 
as a percentage of the 
Concentratior in gram- Chlorine carried over by maximum amount of 
molecules per litre. the air current expressed chlorine obtainable 
" ~ in c.c. V/10-solution. from the system. 
A. A 


Hydrogen as é. s 

chloride. Chloroamine. At 15°. At 20°. At 15°. At 20°. 
0°025 0°025 3°1 3°45 66 72 

3 x 0°025 0 °025 4°41 4°7 93 98 

4x 0°025 0°025 4°49 4°8 95 100 


EXPERIMENTAL. 


The method of measuring the free chlorine in the solution is 
based on the fact that a given volume of air, drawn through a 
solution of a gas, abstracts a quantity of gas which is proportional 
to the amount initially dissolved, provided that the air is saturated 
with the gas; or, in other words, the partial pressure of the gas 
in the air in contact with the solution is at a maximum. When 
the aspiration is at such a rate that this condition is attained, the 
quantity of gas abstracted is independent of the rate of aspiration. 

Perman (Trans., 1895, 67, 868; 1898, 73, 511; Proc. Roy. Soc., 
1903, 72, 72) has devised methods for investigating this 
phenomenon, and has made a special study of solutions of 
ammonia.* 

The apparatus which we have used in aspirating chlorine solutions 
was arranged as follows: Drechsel bubblers, containing the chlorine 
solution and the potassium iodide, together with the aspirator, 
which was of rather more than two litres capacity, were placed in 
a large constant-temperature bath. Since light accelerates greatly 
the attack of chlorine on acetic acid, especially when diluted, the 
bath was kept in a darkened room and carefully shielded. Inasmuch 
as the volume of air aspirated through the bubbler was determined 
by measuring the volume of water drawn from the aspirator, which 
was always filled to a given mark on the capillary tube connecting 
it with the second potassium iodide bubbler, no correction of the 
volume for the varying atmospheric pressure was necessary in our 
comparative experiments. The volume of “ vacuum” brought in 
contact with the chlorine solution was constant. The air drawn 
through .the chlorine solution was freed from dust and water 
vapour. 

Since the extraction of chlorine would displace the equilibrium 
of the system, it was essential that only as small a proportion as 

* Other investigations which bear on this subject have been made by Gahl 


(Zeitsch. physikal. Chem., 1900, 33, 178), Gaus (Zeitsch. anorg. Chem., 1900, 25, 
236), and McLauchlan (Zeitsch, physikal. Chem., 1903, 44, 600). 


1462 ORTON AND JONES: PRIMARY INTERACTION OF 


could be measured should be removed. Trials have shown that the 
use of 100 c.c. of solution, which completely filled the bubbler, and 
250 c.c. of aspirated air permit a sufficient accuracy. Titrations 
of the iodine set free in similar experiments only deviate by 
+0°025 c.c. V/10-thiosulphate; but even then, if the solutions 
contain very little free chlorine, the error may amount to some 
units per cent. 

The quantity of chlorine extracted was usually less than 5 per 
cent. of that present in the solution, but in the most unfavourable 
cases as much as 10 per cent. of the free chlorine must be extracted 
in order to obtain a trustworthy measurement. 

The 250 c.c. of air were aspirated through the solution in 
two and a-half minutes. The flow could be very accurately regulated 
and kept constant during the aspiration by a glass tap, to which 
a long arm used as an indicator was attached. Reduction of the 
time to one and a-half minutes still permitted the air to become 
saturated in the case of the more dilute acetic acid solutions with 
the form of bubbler used by us, but scarcely in glacial or 90 per 
cent. acetic acid. 

In the experiments, the great difficulty lay in preventing change 
in the concentration of the standard solutions of chlorine during 
the manipulations. These solutions were made up in glacial acetic 
acid, and were transferred to a burette (100 c.c. capacity), 
standardised, and the appropriate volume then run into the bubbler, 
which contained the anilide dissolved in glacial or more dilute 
acetic acid, previously brought to 15°. The diluted acetic acid 
was made up as volumes per cent., and the change of density 
allowed for, so that the volume of solution in the bubbler was 
100 cc. The mixture was kept in the bath five minutes before 
aspiration. The procedure when chloroamine and hydrochloric 
acid were used was far simpler. The acid was added last to the 
solution of chloroamine in the bubbler; when the medium was 
glacial acetic acid, hydrochloric acid was necessarily in the form 
of a concentrated standard solution, about 20 per cent., the small 
volumes, in some cases less than 0°2 c.c., being measured in a 
standard burette graduated to 0°01 c.c. The following example 
shows the extent of the agreement found, on the one hand, when 
the system initially consists of chlorine and anilide, and, on the 
other, of chloroamine and hydrochloric acid; using 2: 4-dichloro- 
acetanilide in 50 per cent. acetic acid, the chlorine combined in 
the first case was found to be 97 per cent., and in the second 98 per 
cent. (see also table VI). 

Aspiration of Standard Chlorine Solutions.—The standard solu- 
tions of chlorine in various dilutions of acetic acid were made up 
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with chlorine freed from hydrochloric acid and water, and used 
immediately on preparation. It was shown, however, that con- 
siderable proportions of hydrochloric acid, up to a quantity 
equivalent to eight times that of the chlorine, did not affect the 
amount of chlorine evolved in aspiration. The curves show that 
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10 15 
Titre of chlorine carried over by 250 c.c. of air. 


the chlorine abstracted is proportional to the quantity present in 
the solution for concentrations of acetic acid above 50 per cent., 
that is, the solutions obey Henry’s law. For aqueous solutions of 
chlorine this is not the case; an approximation to Henry’s law is 
only found for concentrated solutions above 0°475V ; owing, doubtless, 
to the effect of the hydrolysis of the chlorine: Cl,+H,0 — 
H’ + Cl’ + HC10. 

The rate of attack of chlorine on acetic acid is very slow in 
the dark, but becomes more rapid as water is added. It is never 
sufficient to interfere materially with the accuracy of our experi- 
ments. Thus the titre of 10 c.c. of a standard solution of chlorine 
in 75 per cent. acetic acid fell in seventy-five minutes only from 
25 to 24°95 c.c. of V/50-thiosulphate. 
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TABLE VI. 


The following table shows a typical series of numbers obtained 
with 2: 4-dichloroacetanilide in 90 per cent. acetic acid. K=0°166. 


** Chlorine free ” expressed 
as a percentage of the 
Concentration in gram- Chlorine carried over by maximum amount of 
molecules per litre. the air current expressed chlorine obtainable 


in c.c. WV/10-solution. from the system. 


sini 


Hydrogen “ a _ 
chloride. Chloroamine. Found. Calculated. Found. Calculated. 
0°025 0°025 3°10 3°34 65°8 70°9 
0°025 0°025 3°12 3°34 66°3 70°9 
0°025 2x 0°025 3°91 4°16 83:0 88°4 
0°025 2 x 0°025 4 04 4°16 85°8 88°4 
4x0°025 4x 0-025 0°77 0°83 65°4 70°9 
2x0°025 —° 0°025 |4°16| a 88°4 — 
3x 0 025 0°025 4°39 4°38 93°2 93:0 
3 x 0°025 0°025 4°41 4°38 93°7 93°0 
4 x 0°025 0°025 4°49 4°48 95°3 95:0 


Chlorine. Anilide. 
0°025 0°025 3°30 3°34 70°1 70°9 


Our thanks are due to the British Association for a grant which 
has partly defrayed the cost of this investigation, and to Mr. W. C. 
Evans, B.Sc., who carried out most of the preliminary experiments. 


UNIVERSITY COLLEGE OF NorTH WALEs, 
BANGOR. 
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CLXIV.—The Conversion of Pinene into Sobrerol: 


By Grorce Greratp HenpERSoN and Wi.rrep James STEVENSON 
EAsTBURN. 


As stated in a former communication, sobrerol can be obtained by 
oxidising pinene with aqueous mercuric acetate in the cold (Henderson 
and Agnew, Trans., 1909, 95, 289). The pinene used for the experi- 
ments quoted in that paper showed only a small degree of optical 
activity, and, naturally, it was the inactive modification of sobrerol 
that was produced, the mixture of d- and /-pinene yielding an optically 
inactive mixture of d- and /-sobrerol. At the suggestion of Professor 
Pope, we have now examined the behaviour of d- and /-pinene towards 
mercuric acetate. 

The d-pinene, obtained from Burmese oil of turpentine, was distilled 
in a current of steam, dried over potassium hydroxide, and fractionated 
with the aid of a “pear” fractionating column. The portion which 
distilled at 155—157° was used for oxidation ; it was found to have 
dy 0°8599 and [a |} 34:1°. The /-pinene was obtained from French 
oil of turpentine, and purified in a similar manner The portion used 
for oxidation distilled at 156°; it was found to have dj 0°8606 and 
[a]; —39-2°%. Fifty grams of each specimen were oxidised with 350 
grams of mercuric acetate dissolved in 1500 c.c. of water. After 
agitation for several days, the solutions were filtered, and the filtrates 
thoroughly extracted with chloroform. The chloroform extracts, 
after being washed with aqueous sodium carbonate and dried over 
anhydrous potassium carbonate, were heated until the chloroform was 
expelled, and there remained viscous, brown residues, which solidified 
on standing, and were purified by repeated crystallisations from 
benzene. In each case the product obtained was the inactive modifi- 
cation of sobrerol melting at 131°; in alcoholic solution, neither 
product exhibited any optical activity. Another specimen of pinene 
from American oil of turpentine, much more strongly dextrorotatory 
(d;" 0°8609, [a ]i” 13°9°) than that used in our former experiments, 
was also oxidised with mercuric acetate, and yielded again inactive 
sobrerol. 

It is therefore clear that optical inversion occurs when d- or /-pinene 
is converted into sobrerol by the mercuric acetate method as described. 
However, the formation of sobrerol by this method is apparently not 
a case of simple oxidation of pinene. In all probability the first step 
in the process is the formation of an additive compound of pinene and 
mercuric acetate, which, under the conditions of the experiment, 
undergoes a subsequent change into sobrerol. 

VOL, XCV. 5 D 
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The comparative ease with which sobrerol can be obtained by means 
of mercuric acetate suggested the application of that reagent to test 
for the presence of pinene in Russian and in Swedish oil of turpentine, 
A specimen of the Russian oil was washed with aqueous sodium 
carbonate, distilled with steam, dried over potassium hydroxide, and 
fractionated with a “pear” column. A small fraction distilled at 
156—157°, but the bulk of the oil had a higher boiling point. This 
fraction was found to have d% 0°8598 and [ a ]>” 284°, and on treat- 
ment with mercuric acetate by the method described above it gave a 
satisfactory yield of inactive sobrerol; hence the specimen of 
Russian oil of turpentine undoubtedly contained a small proportion of 
d-pinene. 

A sample of Swedish oil of turpentine was purified in a similar 
manner, and on distillation yielded a fairly large fraction boiling below 
150° and a very small fraction boiling at 154—157°, while the bulk of 
the oil had a higher boiling point. The fraction which distilled at 
154—157° was taken for oxidation ; it was found to have dj” 0°7834 
and [a]p’ 5°7°. It did not react with mercuric acetate nearly so 
easily as the specimens of pinene, and only a small quantity of an 
oxidation product was extracted by chloroform. This product appeared 
to contain no sobrerol, and we therefore conclude that the Swedish oil 
of turpentine contained no pinene, or, at the most, an exceedingly 
small proportion. 


We take this opportunity of expressing our thanks to Professor 
Pope for kindly supplying us with several specimens of pinene from 
different sources. 


CHEMISTRY DEPARTMENT, 
THe GLAsSGow AND West oF ScorLAND TECHNICAL COLLEGE, 


CLXV.—Influence of Various Sodium. Salts on the 
Solubility of Sparingly Soluble Acids. Part II. 


By James Cuar.es Puiip and Freperick Bast, GARNER. 


In a previous paper (Trans., 1905, 8'7, 987) attention was directed to 
the fact that the solubility of a sparingly soluble acid is markedly 
increased in presence of the sodium salt of a weak acid, and the experi- 
mental data then communicated showed that the magnitude of the 
influence of the sodium salt is closely related to the strength of the 
acid from which it is derived. The solubility of benzoic acid, for 
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instance, is greater in a sodium acetate solution than in a sodium 
formate solution of the same concentration, and greater in this sodium 
formate solution than in the corresponding sodium salicylate solu- 
tion. The weaker the acid from which the sodium salt is derived, 
the greater is the influence of this salt on the solubility of benzoic or 
any other sparingly solubie acid. 

The experimental work on which this general conclusion was based 
has been considerably extended, and the new results are communi- 
cated in the present paper. They not only confirm what has been 
stated in the first paragraph, but supply also further illustration of 
a peculiar relationship which was indicated in the course of the earlier 
work, It was then found that, whilst benzoic acid is considerably 
more soluble than salicylic acid in pure water, their positions are 
reversed in sodium formate solutions of greater concentration than 
0:04-¥. This is not an exceptional case, for several examples of the 
same relationship have been discovered in the course of the more 
recent work. 

It appears, therefore, that if, of two sparingly soluble acids, the 
weaker is also the more soluble, then under the influence of any sodium 
salt the solubility of the stronger acid is increased to a greater extent 
than that of the other. If the difference in solubility of the two acids 
in water is not too great, then the curves obtained by plotting the 
solubility against the concentration of the sodium salt will intersect at 
a low value of the latter. That the occurrence of such an intersection 
is in harmony with the law of mass action and the theory of 
electrolytic dissociation was shown in the earlier paper, where a 
formula was deduced connecting the increase in solubility of the acid 
with the concentration of the added salt. Although only approxi- 
mate, this formula served very well to show the general character of 
the influence which a sodium salt, NaA’, may be expected to exert on 
the solubility of an acid, HA, and to show also the relation between 
the solubility and the strength of the acids HA and HA’. 

In the present paper the experimental values have been compared 
with those calculated by Noyes’ equation (Zeitsch. physikal. Chem., 
1898, 2'7, 273), and it will be seen that so long as the concentration 
of added salt is not very great, the agreement between the two sets of 
values is quite good. Noyes has shown that if m., m, and a, represent 
respectively the solubility of a sparingly soluble acid in pure water, the 
solubility in a salt solution of concentration n, and the degree of 
dissociation in the saturated aqueous solution, and if «=m —m,(1 — ap), 
then a? + ra? — (rn+kq)e —kar=0. The symbol k, represents the solu- 
bility product for the acid in question, and r=kq/kg, ka being the 
dissociation constant of the acid from which the sodium salt is derived. 
As Noyes has pointed out, this formula can be deduced only by making 

5 D2 
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certain assumptions, but it may be regarded as fairly accurate so long 
as the acid is sparingly soluble and 7 is small. It is clear then that, 
subject to these limitations, the solubility of a sparingly soluble acid 
in a sodium salt solution of concentration n can be predicted, pro- 
vided one knows (1) the solubility in pure water, and (2) the disso- 
ciation constants of the acid itself and of the acid from which the 
sodium salt is derived. 

Consideration of the foregoing formule will show that if the ex- 
perimental value of m is taken, and a is deduced by the relation 
xz=m—mM,(1—a,), then the equation x + ra? — (rn + kq)a —kar =0 fur- 
nishes a means of finding the value of ky. It is possible, in other 
words, with the help of Noyes’ equation to find the dissociation con- 
stant of a weak acid by determining the influence of its sodium salt on 
the solubility of any sparingly soluble acid, the dissociation con- 
stant of which is known. A study of the experimental data from this 
point of view shows, however, that the values so obtained for the 
dissociation constant are subject to considerable variation ; they are 
very sensitive to experimental error in the determination of the solu- 
bility, and can therefore be taken as indicating only the approximate 
magnitude of the dissociation constant. 


Ex PERIMENTAL. 


The determinations of solubility were carried out at the tempera- 
ture of 25°+ 0°1°, and the procedure adopted was that described in the 
earlier paper. The pure acids employed were obtained in almost all 
cases from Kahlbaum, and the values found for their solubility at 25° 
are as follows: Benzoic acid, 0°0277 ; salicylic acid, 0°0164 ; m-nitro- 
benzoic acid, 0°0205; o-chlorobenzoic acid, 0°0136; 3: 5-dinitro- 
benzoic acid, 0°0062 ; 2 : 4-dinitrophenol, 0‘0027. These numbers are 
the concentrations of the saturated aqueous solutions in gram- 
molecules per litre. 

The results of the experimental work are summarised in the 
following tables, where the solubilities of the acids and the concentra- 
tions of the sodium salts are given in hundredths of a gram-molecule 
per litre. 
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Taste I, 


Sodium Acetate Solutions, 
Solubility of 


Concen- 
tration 2: 4-Di- 
ofsodium bBenzoie Salicylic o-Chloro- m-Nitro- 3:5-Dinitro-  nitro- 
acetate. acid. acid. benzoicacid. benzoic acid. benzoicacid. phenol. 
0°00 2°77 1°64 1°36 2°05 0°62 0°'27 
1°19 _ _ — 1°60 0°97 
1°23 3°76 2°61 2°30 
2°96 _ — — 
3°06 5°13 4°29 3°95 
5°91 — —_ — 
6°13 6°95 6°92 6°68 
11°85 — -- 
12°28 9°77 12°17 11°67 


eo 


— 
ell als] 


@ 


3°17 1°62 
5°67 2°37 


~I 
or 


9°98 3°51 


—s 
bo 
= 


TasBLe II. 


Sodium Formate Solutions. 


Solubility of 
Concentration - ——— 
of Benzoic Salicylic o-Chloro- m-Nitro- 

sodium formate. acid. acid. benzoic acid. benzoic acid. 

0°00 2°77 1°64 1°36 2°05 

1°19 3°31 2°46 —- —- 

1°24 —_— o 2°16 2°86 

2°40 3°73 3°20 — -- 
3°09 —_ —_ 3°36 3°82 

5°97 4°49 5°15 — 

6°17 — _ 4°88 5°16 
11°97 5°45 756 — — 
12°37 _ — 7°04 7°12 


TABLE ITI. 


Sodium Monochloroacetate Solutions. 
Solubility of 


Concentration Z 
of sodium Benzoic Salicylic m-Nitrobenzoic 
monochloroacetate, acid. acid. acid. 
0°00 2°77 1°64 2°05 
1°18 3°02 2°05 2°44 
2°94 3'30 2°59 2°92 
5°87 3°62 3°36 3°51 
11°76 4°04 4°47 4°35 


Tasie IV. 


Sodium Succinate Solutions. 


Solubility of 

Concentration of - ~ ~ 
sodium succinate. Benzoic acid. Salicylic acid. 

0°00 2°77 : 

0°73 3°35 

1°81 4°19 

3°61 5°38 

7°24 7°38 
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TABLE V. 


Potassium Formate Solutions. 
Solubility of 


Concentration of Benzoic Salicylic o-Chloro- ° m-Nitro- 
potassium formate. acid. benzoic acid. _ benzoic acid. 
0°00 2°77 : 1°36 2°05 
1°22 3°35 ’ ye 2°84 
3°05 3°88 : 3°34 3°86 
6°10 4°51 ; 4°82 5°12 


Solubility of salicylic acid in solutions of sodium acctate, formate, and 
monochloroacetate, 
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2 4 
Dol./100 sodiwm salt per litre. 


A study of the figures recorded in the tables will confirm what has 
already been said, namely, that the weaker the acid from which the 
sodium salt is derived the greater is its influence on the solubility of 
a sparingly soluble acid. In order to make this important point 
thoroughly clear, the figures relating to the influence of sodium 
acetate, sodium formate, and sodium monochloroacetate on the solu- 
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bility of salicylic acid have been plotted in Fig. 1. Asis well known, 
monochloroacetic acid is stronger than formic acid, which in its turn 
is stronger than acetic acid, and the relative position of the curves in 
the figure is in harmony with what has been said above. Similar 
charts might be drawn for the acids other than salicylic acid. 

An inspection of any of the tables will show that with a given 
added salt, it is the stronger acids which exhibit the most rapid 
increase in solubility. This important point is best elucidated by 
reference to a particular case. The figures which represent the 
influence of sodium formate on the solubilities of benzoic, m-nitro- 
benzoic, and salicylic acids are recorded in table II, and the corre- 


Fic. 2. 


Solubility of benzoic, salicylic, and m-nitrobenzoic acids in sodium formate solutions, 
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6 8 
Mol./100 sodium formate per litre. 


sponding curves are traced in Fig. 2. It should be noted that the 
strengths of these acids, as deduced from their dissociation constants, 
are very different: benzoic acid, k=0-00006; m-nitrobenzoic acid, 
k=0°000345 ; salicylic acid, k=0-00102. The weakest acid is therefore 
the most soluble of the three, and the strongest is the least soluble. 
This statement is true for pure water, but is no longer valid when the 
acids are dissolved in sodium formate solutions of greater concentra- 
tion than 0°06-V; under these conditions salicylic acid is the most 
soluble, benzoic acid the least soluble, of the three acids. 

Another very striking instance of this reversal of relative solubility 
is furnished by the influence of sodium acetate on the solubilities of 
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benzoic acid (4=0:00006) and 3:5-dinitrobenzoic acid (&4=0-0016). 
The saturated solution of benzoic acid in water at 25° is 0-0277-N, 
whilst that of 3: 5-dinitrobenzoic acid in water at 25° is only 0:0062-N. 
In sodium acetate solutions, however, of greater concentration than 
0°1-, dinitrobenzoic acid is more soluble than benzoic acid. Other 
similar cases are to be found 1a the material recorded in the tables. 

Comparison of the figures in table V with those in table II brings 
out the fact that potassium and sodium formates have almost exactly 
the same influence on the solubilities of benzoic, salicylic, o-chloro 
benzoic, and m-nitrobenzoic acids. The curve obtained by plotting the 
figures for the solubility of any one of these acids in potassium 
formate solutions practically coincides with the corresponding curve 
obtained from the figures for the solubility in sodium formate 
solutions. 

The experimental values recorded in the foregoing tables furnish 
material, as already indicated, for testing the applicability of the 
formula deduced by Noyes (loc, cit.), The formula in question is 
a> + ru? — (rn + ka) — kar =0, and, although not stringently exact, is 
much more convenient to handle than the accurate, but very compli- 
cated equation deduced by the same author. As Noyes himself has 
pointed out in one or two cases, the values of the solubility 
calculated by the simpler of the two formule are near enough for 
most purposes, 

In order to make the comparison between theory and experiment, 
the observed figures for the solubility were first plotted, and from the 
curve so obtained the values of the solubility corresponding to certain 
salt concentrations, namely, 0°01, 0°02, 0°05, and 0°1-, were read off. 
The calculated values of the solubility were obtained for each of these 
concentrations by the formule a°+ ra? - (rn+kq)e —kar=0 and m= 
x+m,(1—a,). In table VI the calculated (A) and experimental (2) 
values for each case are arranged side by side. 

An inspection of the foregoing table shows that for solutions of 
salicylic, benzoic, and o-chlorobenzoic acids dissolved in sodium acetate 
and sodium formate solutions, the agreement between the calculated 
and the observed values is good. It is less satisfactory where m-nitro- 
benzoic acid and sodium chloroacetate solutions are involved, The 
deviation between the two sets of figures, apart from some cases 
where the difference is trifling, is such that the observed solubility is 
greater than the calculated solubility. This is what was found by 
Noyes and Chapin in the few cases in which they tested the 
applicability of the formula. 

In a few instances the values of the solubility have been calculated 
by Noyes’ more stringent and very complicated formula (Zeitsch, 


physikal. Chem., 1898, 2'7, 273). The agreement between the calcu- 
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TaBLe VI. 


Salt concentration in mol./100 per litre. . 2. 5. 10. 
Salicylic acid in sodium acetate 7 x 3°29 5°99 10°20 
” ” ” 3, 2° 3°30 5°95 10°19 
Benzoic ,, ” es 4°33 6°20 8°60 
aR 7" ’ . or 4°36 6°34 8°78 
o-Chlorobenzoic ac ae 3°01 5°71 9°92 
ia * be = 2°99 5°68 9°90 
m-Nitrobenzoic ,, eer a 3°78 6°24 9°90 
“a ’” ” ay 3°76 6°50 10°72 


“ 2°93 4 57 6°63 

” ” i oe 2°97 4°67 6°84 
Benzoic ,, - 3°23 3°55 4°23 502 
- 2 9 . oe 3°56 4°32 5-16 
o-Chlorobenzoic acid = i 2°65 4°30 6°36 
” ” ” 2 2°VUe 2°68 4°35 6°28 
m-Nitrobenzoic ,, ‘is ae 3°20 4°45 5°95 
” ” ” ae 3°25 4°70 6°42 
Salicylic acid in sodium chloroacetate ‘ 2°31 3°00 3°82 
as i “ . e 2:30 3°16 418 
Benzoic ,, és a 3°07 3°32 3°61 
“ : 3:13 354 3°94 
m:Nitrabe > 2°57 3°06 3 63 
és 99 99 9 ‘a a Se 2°66 3°36 4°13 


lated and the observed values is thereby somewhat improved on the 
whole, but even then is by no means perfect. 


RoyAL CoLLEGE oF ScrENCE, LoNDON, 
SourH KensineTon, 8S, W, 


CLXVI.—Organie Derivatives of Arsenic. Part ILI. 
Triaminotriphenylarsine Oxide and Tricamphoryl- 
arsinic Acid. 


By GitsBert T. Morcan and Frances M. G. MICKLETHWAIT. 


In the production of p-aminophenylarsinic acid from aniline and 
arsenic acid, a small proportion of bis-p-aminophenylarsinic acid 
is also formed (Pyman and Reynolds, Trans., 1908, 93, 1180), but 
the more highly substituted derivatives of arsenic pentoxide, which 
are theoretically possible, have not been obtained in this con- 
densation. 

The authors have found that the prolonged interaction of 
arsenious chloride and aniline in boiling benzene or toluene leads 
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to the formation of a condensation product containing three 
aniline residues attached to arsenic, and differing from the additive 
compounds of aniline and arsenious chloride prepared by Anschiitz 
(Annalen, 1891, 261, 284), inasmuch as the latter are resolved 
into their generators on treatment with water or alkalis. 


Triaminotriphenylarsine Oxide, O:As(Cg,HyNHo)s. 


A solution of 150 grams of arsenious chloride in 250 grams of 
benzene is added to 750 grams of aniline diluted with 250 grams 
of the same solvent. These materials must be thoroughly dried 
beforehand. A crystalline precipitate of the additive compounds 
is immediately formed, and gradually diminishes in bulk as the 
mixture is boiled for fifty hours. After leaving the product for 
three to eight weeks out of contact with moisture, the mixture is 
rendered alkaline with sodium carbonate, and the excess of aniline 
removed by distillation in steam. The hard resinous residue (about 
22—25 grams) is dissolved in benzene, and the solution allowed to 
evaporate, when several crops of a crystalline substance are 
obtained, which, after repeated crystallisation from the same 
solvent, melts at 189°. 

The benzene mother liquors, when concentrated considerably, 
yield an amorphous substance, which is also very soluble in cold 
chloroform, being precipitated therefrom in a viscid form by means 
of light petroleum. It was not found possible to crystallise this 
product from any of the ordinary organic solvents, but, as it was 
basic, purification was effected by repeatedly forming the soluble 
hydrochloride and precipitating the base with ammonia. The sub- 
stance was thus obtained as a grey, amorphous material, readily 
soluble in alcohol, and precipitated therefrom by ether as a viscid 
mass which hardens slowly in the desiccator; it softens at 60°, and 
decomposes indefinitely at 108°: 

0°1826 gave 0°3952 CO, and 0°0827 H,O. C=59°01; H=5°03. 

0°2250 ,, 0°4854CO, ,, 0°1064 H,O. C=58°83; H=5'25. 

071570 ,, 15°7 c.c. Ng at 18°5° and 758 mm. N=11°53. 

0°1684 ,, 170 cc. N, ,, 185° ,, 758mm. N=11°62. 

As=(i) 20°57; (ii) 20°42 (see page 1481). 
CigsH,,ON;As requires C=58°85; H=4:90; N=11°44; 
As=20°44 per cent. 

The base is hygroscopic, and becomes soft and viscid on exposure 
to the atmosphere. 

Triaminotriphenylarsine oxide hydrochloride, 

0:As(C,H,°*NH,,HCl)s, 
is yery soluble in water, and is precipitated as a grey, amorphous 
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mass by passing hydrogen chloride into a benzene solution of the 
base: 

0°1140 gave 0°1010 AgCl. Cl=21°92. 

C,3;H,,ON;As,3HCl requires Cl=22°35 per cent. 

The platinichloride is an amorphous, yellow substance, sparingly 
soluble in water, and insoluble in hydrochloric acid: 

0°1274 gave 0°0388 Pt. Pt=30°45. 

2C,gH,,0N;As,3H,PtCl, requires Pt=29°85 per cent. 

Tribenzoylaminotriphenylarsine oxide, O:As(C,H,;NH-COPh),, 
prepared by the Schotten-Baumann reaction, dissolves readily in 
benzene, and is precipitated by petroleum as a light brown powder, 
becoming viscid on exposure to air, and melting indefinitely at 
130—140°: 

0°2518 gave 14°0 c.c. N, at 19° and 760 mm. N=6'39. 

CygHgO,NzAs requires N=6'18 per cent. 

Triacetylaminotriphenylarsine oxide, O:As(CsH,yNHAc),, pro- 
duced by adding acetic anhydride to the base suspended in water, 
dissolves in benzene, and is precipitated therefrom as a grey powder, 
darkening at 120°, and decomposing indefinitely at 140—150°: 

0°1196 gave 9°3 c.c. N, at 20°5° and 768 mm. N=8'97. 

C.4H,,0,N,As requires N=8°51 per cent. 

Triaminotriphenylarsine oxide and the crystalline base melting 
at 189° are also produced when the condensation is effected in 
boiling toluene; the yield is about the same as in benzene, but the 
products obtained in the less volatile solvent are darker in colour. 

The hydrochloride of the crystalline base (m. p. 189°) is only 
sparingly soluble in water, and in this way it can be separated 
from triaminotriphenylarsine oxide hydrochloride. The crystalline 
base separates from benzene in transparent, colourless spicules: 

0°1723 gave 0°4256 CO, and 0°0980 H,O. C=67°37; H=5°80.* 

0°1748 ,, 15°4c.c. Ny at 27° and 770 mm. N=9°85. 

As=(i) 17°22; (ii) 17°20 (see page 1481). 
C.4HoN3As requires C=67°45; H=5'15; N=9°83; 
As=17°56 per cent. 

These results indicate that the substance contains four phenyl 
residues associated with one arsenic and three nitrogen atoms. The 

formule C,H,;-NH-C,H,°As(C,HyNH,), and 

C,H;*NH-C,H,°As(NH°-C,H;)-C,;H,-NH, 
correspond with these conditions, but it was not found possible to 
elucidate completely the constitution of this base with the amount 
of material obtainable. Benzoylation led to the production of a 

* Duplicates: C=67°90 ; C=67'84; C=67°84. 

H= 5°68; H= 5°95; H= 5°98. 
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dibenzoyl derivative, crystallising in colourless, refractive plates 
melting at 221—222°. 


Tricamphorylarsinic Acid, (C\oH,,0),As(OH),. 


Sodium camphor and arsenious chloride were condensed in dry 
toluene in the manner indicated in a previous communication 
(Trans., 1908, 93, 2144), and the product extracted repeatedly 
with aqueous sodium hydroxide. After precipitation with mineral 
acid, the acidic products were extracted with small quantities of 
benzene until a residue was obtained consisting of crude di- 
camphorylarsinic acid (/oc. cit.); the benzene extracts also yielded 
small quantities of this substance. The final brown mother liquors 
were evaporated to dryness, the residue dissolved in dilute aqueous 
sodium hydroxide, and the solution boiled with animal charcoal and 
concentrated to the crystallising point. The crystals, which consist 
of sodium dicamphorylarsinate, were removed, the solution acidified, 
and the viscid precipitate again subjected to the treatment with 
benzene and sodium hydroxide to remove further quantities of 
dicamphorylarsinic acid. The precipitate finally obtained was a 
brown, uncrystallisable solid, softening at 110°, and melting 
indefinitely at 130°. This acid dissolved in water containing a 
small amount of alcohol; it was extremely soluble in benzene, 
alcohol, or acetic acid, separating in a viscid condition from its 
concentrated solutions in these solvents. A specimen obtained by 
repeated treatment with benzene and sodium hydroxide, when dried 
in the desiccator, gave the following results: 

0°1580 gave 0°3716 CO, and 0°1176 H,O. C=64:12; H=8°27. 

0°3961 ,, 0°0988 Mg,As,O,. As=12°07. . 

Cz9H y,0;As requires C=64:05; H=836; As=13°34 per cent. 

Tricamphorylarsinic acid, when treated with aqueous sodium 
hydroxide, became viscid and then dissolved, forming a very soluble 
sodium salt. The siver salt was obtained as a greyish-white pre- 
cipitate on adding silver nitrate to an aqueous solution of its 
ammonium salt: ; 

0°1332 gave 0°0380 Ag. Ag=28°53. 

C3,H,;0;AgoAs requires Ag=27°83 per cent. 

When heated with excess of aqueous sodium hydroxide at 
130—140°, sodium tricamphorylarsinate was hydrolysed into 
camphor and sodium arsenate. The toluene solution, con- 
taining the non-acidic condensation products from sodium 
camphor and arsenious chloride, was distilled to remove the 
solvent. The residue yielded a large amount of camphor and 
small quantities of dicamphoryl, and a substance crystallising in 
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well-defined hexagonal and rectangular plates (m. p. 209—210°). 
This product, which gave a benzoyl derivative melting at 170°, 
had a composition approximating to that of tribornylarsine, but 
the yield was so small that the compound was not further 
examined. 


The authors desire to express their thanks to the Government 
Grant Committee of the Royal Society for a grant which has partly 
defrayed the expenses of this investigation. 


Royat CoLuecE of Science, Lonpon, 
SoutH Kensineton, S.W. 


CLXVII.—The Estimation of Arsenic in Organic 
Compounds. 


By Harry F. V. Lirritz, Epwarp Cauen, and Gitpert T. Morean. 


Recent developments in the investigation of organic derivatives of 
arsenic have brought into prominence the problem of estimating 
this element when directly combined with carbon. Of the various 
methods hitherto adopted for destroying the organic matter in 
these substances, the following may be mentioned: 

(1) Combustion of the substance mixed with soda-lime by 
heating in a stream of air or oxygen; the residue is dissolved in 
hydrochloric or nitric acid, the arsenic then precipitated as 
sulphide, and finally converted into magnesium pyroarsenate (La 
Coste and Michaelis, Annalen, 1880, 201, 224). 

(2) Oxidation of the organic arsenic derivative by fusion with 
sodium peroxide, the arsenic being estimated gravimetrically as 
pyroarsenate (Pringsheim, Amer. Chem. J., 1904, 31, 386). 

(3) Destruction of the organic matter with nitric acid containing 
magnesium nitrate, when a final ignition leads to the formation of 
magnesium arsenate (Monthulé, Ann. Chim. anal., 1904, 9, 308). 

Exception has been taken to the sodium peroxide method on the 
ground that at the high temperature produced by the oxidation 
some loss of volatile arsenic compounds may result. After a long 
series of experiments, the authors arrive at the conclusion that 
with due care in mixing and heating the reagents the loss becomes 
almost inappreciable, even when the oxidation is violent and the 
substance employed somewhat volatile. 

The chief difficulty arises at a later stage of the operation, 


1478 LITTLE, CAHEN, AND MORGAN: 


namely, in the precipitation of magnesium ammonium arsenate in 
the presence of the large excess of alkali salt produced from the 
sodium peroxide. Contrary to expectation, the results obtained 
were almost uniformly too high, even when measured quantities 
of “magnesia mixture” and the other reagents were employed. 
Satisfactory values were obtained by redissolving the magnesium 
ammonium arsenate and reprecipitating it with ammonia, but this 
procedure renders the analysis very long and tedious, as the two 
precipitations each require considerable time for their completion. 

The aqueous extract of the fusion was next acidified with 
hydrochloric acid and distilled with a ferrous salt in a current of 
hydrogen chloride in accordance with Fischer’s method as modified 
by one of us (Trans., 1904, 85, 1001). Owing, however, to the 
unavoidably large bulk of solution, the volatilisation of the 
arsenious chloride was completed only after a lengthy distillation, 
and accordingly this process was abandoned in favour of a 
volumetric method, by means of which fairly accurate results could 
be obtained in a comparatively short time. 

In the method ultimately found to give satisfactory results, the 
sodium peroxide fusion was retained, but the gravimetric estimation 
was superseded by a volumetric process due to Gooch and Browning 
(Amer. J. Sci., 1890, [iii], 11, 66). 

The reaction involved may be sufficiently indicated by the 
following equation : 

As,0,+4HI — As,0, + 2H,0 + 2I,, 
these authors having shown that the change takes place quan- 
titatively from left to right when the liberated iodine is removed by 
boiling. The arsenious oxide is then titrated with standard iodine 
in the usual way. 


Procedure. 


The finely powdered substance (0°2 to 0°3 gram) is mixed in a 
nickel crucible with 10 to 15 .grams of sodium peroxide and 
sodium carbonate in equal proportions, a portion of these reagents 
being spread over the mixture to prevent loss by projection. A 
gentle heat is applied for about fifteen minutes, and the fusion 
completed by raising the temperature to dull redness for five 
minutes. With careful mixing and heating, the oxidation generally 
takes place without fuming or detonation. 

The contents of the crucible are extracted with water and rinsed 
into a 450 c.c. conical flask. From 25 to 31 c.c. of sulphuric acid 
(1: 1) are added cautiously, and, if necessary, the solution is boiled 
down to 100 c.c., when 1 gram of potassium iodide is introduced, 
and the liquid further concentrated to 40 c.c. A few drops of 
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dilute sulphurous acid are added to destroy the last traces of iodine, 
and the bright green solution is diluted considerably with hot 
water and saturated with hydrogen sulphide. The arsenious 
sulphide is collected, washed about three times with hot water, 
dissolved off the filter with 20 c.c. of V/2-sodium hydroxide, and 
the filtrate returned to the conical flask, where it is treated with 
30 c.c. of hydrogen peroxide (20 vols.), the excess of this reagent 
being destroyed by heating on the water-bath for ten minutes. 
After the frothing has subsided, a few drops of phenolphthalein 
are added, followed by 11 c.c. of sulphuric acid (1: 1), this quantity 
giving 10 c.c. in excess. One gram of potassium iodide is now 
added to the liquid, which should have a volume of 100 c.c., and 
the solution concentrated to 40 c.c., when its pale yellow colour is 
removed by a few drops of dilute sulphurous acid. Cold water 
is quickly added, and the diluted solution neutralised with 
2N-sodium hydroxide and just acidified with sulphuric acid. The 
requisite amount of 11 per cent. sodium phosphate (see Note 3) 
is added, and the arsenite solution titrated with standard iodine and 
starch in the usual way. 


Notes on the Method. 


1. A gravimetric estimation may be effected by proceeding as 


far as the oxidation of the sulphide with alkaline hydrogen 
peroxide and then precipitating as magnesium ammonium arsenate 
by Austin’s method (Zeitsch. anorg. Chem., 1900, 23, 146). 

2. The manipulation might be simplified by estimating directly, 
by Gooch and Browning’s method, the arsenate in the filtered 
aqueous extract of the fusion. The filtration of nickel hydroxide 
and carbonate is, however, extremely tedious, and this modification 
of the process does not lead to greater rapidity or accuracy. The 
precipitate may be rendered more amenable by oxidation to 
nickelic hydroxide with the aid of bromine, but the results obtained 
in the titration are not satisfactory. 

3. The titration may be carried out in the presence of sodium 
hydrogen carbonate, but the addition of disodium hydrogen 
phosphate, which has been advocated by E. Washburn, is preferable 
(J. Amer. Chem. Soc., 1908, 30, 31). The volume of 11 per cent. 
sodium phosphate added should be equal to the number of c.c. of 
NV /10-iodine required in the titration. 

4. The arsenic derivatives employed in working out the method were 
atoxyl and hexamethyltriaminotriphenylarsine, As[C,H,*N(CHs)o]s, 
m. p. 239—240° (Michaelis and Rabinerson, Annalen, 1892, 270, 
140) ; the latter compound has the advantage over atoxyl and many 
of its allies in not containing water of crystallisation. The purity 
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tabular form. 


Substance, 
0‘1288 
0°1735 
0°2763 
0°2476* 
0°3030* 


Substance. 
0°2722 
0°2464 
0 2288 
0°2518 
0°2482 
0°2006* 
0°1964* 


Substance. 
0°3260 
0'2608 
0°2478* 
0°2814* 
0°2528* 
0:2486* 
0°2550 
.0°2022 
0°2368 
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TABLES OF RESULTS. 


Strength of Iodine Solutions. 


A=0°0969-1. 
C=0°1010-N. 
I. Atoayl (Martindale, First Sample). 

H,O =19°3 per cent. 


B=0°10040-7. 
D=0°04032-X. 


of the base was shown by its combustion: C=66'22, H=6°84, 
theory requiring C=66°21 and H=6°89 per cent.* 
A typical selection of the analytical results are shown below in 


As= 25°31 per cent. (calculated). 


Arsenic 
C.c. iodine used. Taken. Found. per cent. 
9°03 Sol. 4 0°0326 0 0328 25°46 
12°05 _ _,, 0 0439 0°0438 25°22 
19°09 _,, 0:0699 0°0693 25°08 
a’ ae 00627 0°0624 25°19 
20°92 _ ,, 00767 0°0760 25°07 


II. Atoxyl (Martindale, Second Sample). 
H,0 = 25°87 per cent. 


As = 23°28 per cent. (calculated). 


Arsenic 
C.c. iodine used. Taken. Found. per cent. 
17°50 Sol. A 0°0634 0°0635 23°34 
1610 ,, 0-0574 0-0585 23°73 
14°86 ,, 0°0533 0°0540 23°58 
16°27 _,, 0°0586 0°0591 23°46 
16°16 ,, 0°0578 0°0587 23°63 
12°37 Sol. B 0°0467 0°0466 23°21 
12°27 ,, 0-0457 0-0462 23°52 


III, Atoxyl (Poulenc). 
H,0O = 18°91 per cent. 


As = 25°44 per cent. (calculated). 


Arsenic 
C.c. iodine used. Taken. Found. per cent. 
22°88 Sol. A 0°0829 00831 25°49 
18°25 ,, 0-0663 00663 25°42 
17°35 ,, 00630 0-0630 25°42 
19°60 ,, 0°0716 0°0712 25°30 
17°90 ,, 0-0643 0-0650 25°71 
17°43 =O, 0°0632 0°0633 25°46 
17°04 Sol. B 0°0649 0°0641 25°16 
13°76 ,, 0°0514 0°0518 25°62 
1603s, 0°0602 0°0603 25°48 


Those estimations denoted by an asterisk were carried out on 
the aqueous extract of the fusion (compare Note 2, p. 1479). 
As the amount of water in different samples of atoxyl varies con- 


* The authors’ thanks are due to Mr. A. Tarzey for his assistance in carrying out 
many of the preliminary experiments and analyses. 


IV. Hexamethyltriaminotriphenylarsine. 


Substance. C.c. iodine used. 
0°2934 13°23 Sol. B 
0-2070 9°29 ,, 
02482 11°39 ,, 
02176 9°94 ,, 
0°3198 14°33 ,, 
0°2628 11°65, 
0°1814 8°22 Sol. C 
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siderably, it was estimated for each specimen, and the theoretical 
percentage of arsenic calculated from this result. 


As = 17:23 per cent. 


Arsenic 

_ nN a | 
Taken. Found, per cent. 
0°0505 0°0498 16°98 
0°0357 0°0350 16°89 
0°0428 0°0429 17°26 
0°0375 0°0374 17°20 
0°0551 0°0540 16°87 
0°0453 0°0439 16°69 
0°0312 0°0311 17°16 


l- 


V. Dicamphorylarsinie Acid 
(Martindale). 


As =18°3 per cent. 


Substance. Iodine, Sol. C. Found. 
0°2426 11°42 c.e. 17°82 
0°2148 10°15 ,, 17°90 
0°2670 12°51 ,, 17°74 


VII. Sodium Tetraiodocacodylate 
(Martindale). 
As=10 per cent. for 
(CHI,),AsO-ONa,3$H,0. 


Substance. Iodine, Sol. C. Found. 
0°6912 18°78 c.c. 10°28 
0°6518 17°70 ,, 10°28 
0°6804 18°70 ,, 10°31 


IX. Phenyliriaminotriphenylarsine 
(Morgan and Micklethwait, 
p. 1475). 


As=17'56 per cent. 


Substance. Iodine, Sol. D. Found. 
0°1552 17°68 c.c. 17°22 
0°2219 25°25 4, 17°20 


XI. Bis-2-aminotolyl-5-arsinic Acid 
(Burroughs, Wellcome «& Co.). 


As= 23°44 per cent. 


(NH,°C,H,). AsO(OH). 
Substance. Iodine, Sol. C. Found. 
0°2280 13°70 c.c. 22°76 
0°3228 19°41 ,, 22°77 


VOL, XCV. 


VI. p-Tolylarsinie Acid 
(Martindale). 
As=34°7 per cent. 


Substance. Iodine, Sol. C. Found, 
0°1449 12°88 c.c. 33°67 
02042 18°24 ,, 33°83 


0°1104 lost 0°0090 H,O at 125° 


VIII. Triaminotriphenylarsine 
Oxide (Morgan and Mickle- 
thwait, p. 1474). 


As = 20°44 per cent. 


Substance. Iodine, Sol. C. Found. 
0°2474 13°44 e.c. 20°57 
0°3372 1G°EO 4, 20°42 


| X. Toluene-p-sulphonyl-p-amino- 


phenylarsinie Acid. 
As = 20°22 ; S=8-63 per cent. 
C,H,"SO,°NH-C,H,°AsO(OH),. 


Substance. Iodine, Sol. D. Found. 
0°1618 21°40 c.c. 19°99 
02320 30°25 ,, 19°73 


0°1968 0°1236 BaSO, S=8°62 


XII. Bis-p-acetylaminophenyl- 
arsinie Acid 
(Burroughs, Wellcome & Co.). 


As=19°95 per cent. 
(CH,*CO-NH-C,H,),AsO(OH). 


Substance. Iodine, Sol. C, Found. 
0°2248 11°54 e.e. 19°44 
0°3558 18°40 ,, 19°59 


5 E 
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XIIL. Monosodium 4-hydroxy- | XIV. Sodium 2-hydroxytolyl- 
2'-benzeneazotoluene-d'-wrsinate 5-arsinate 
(Burroughs, Wellcome & Co.). (Burroughs, Wellcome & Co.). 


| 
As = 20°95 per cent. | As = 29°53 per cent. 
| 


OH’C,H,'N:N‘C,H,*AsO(OH)ONa). OH’C,H,* AsO(OH)(ONa). 
Substance. Iodine, Sol. C. Found. | Substance. Iodine, Sol. D. Found. 
0°1978 10°80 c.c. 20°67 0°2083 40°65 c.c. 29°49 
0'2242 12°10 ,, 20°44 0°1405 27°00 ,, 29°05 


Notes on the foregoing Estimations. 


1, A substance containing little or no oxygen requires a pro- 
portionately larger amount of sodium peroxide. With hexamethyl- 
triaminotriphenylarsine, for example, it was found difficult to avoid 
a violent oxidation. This circumstance accounts for the somewhat 
low results usually obtained in the analysis of this base. 

2. Compounds containing iodine, such as sodium tetra- 
iodocacodylate, give rise on fusion to sodium iodate, which necessi- 
tates the addition to the acidified extract of sufficient sulphurous 
acid to reduce this salt to iodide, the reduction of the arsenate 
being then effected in the usual way. 

3. Toluene-p-sulphonyl-p-aminophenylarsinic acid (X), which 
contains both arsenic and sulphur, was prepared from atoxyl by 
the Schotten-Baumann reaction; it dissolves very sparingly in 
water, although its alkali salts are extremely soluble in this solvent. 


The authors desire to express their thanks to Dr. W. H. Martin- 
dale and to Dr. F. L. Pyman for their kindness in supplying 
specimens for analysis. 
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CLXVIII.—Zhe Action of Phosphorus Pentachloride 
on the Methylene Ethers of Catechol Derwwatives. 
Part V. Derivatives of Protocatechuyl Alcohol 

and Preotocatechuontrile. 

By Artuur James Ewins. 

In Part I of this series (Barger, Trans., 1908, 98, 567) it was 


stated that “phosphorus pentachloride acting on piperonyl alcohol 
produced a tar from which nothing could be isolated.” In the 
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course of subsequent experiments the author found, however, 
that if 3:4-methylenedioxybenzyl chloride, CH,:O,:C,H;°CH,Cl 
(‘‘ piperonyl chloride,” corresponding with the alcohol), be used 
instead of the alcohol itself, the reaction with phosphorus penta- 
chloride proceeds in the normal manner. 3:4-Methylenedioxy- 
benzyl chloride has been previously obtained by Decker and Koch 
(Ber., 1905, 38, 1739) by passing hydrogen chloride into a cold 
benzene solution of piperonyl alcohol. In the present investiga- 
tion it was found that this substance, on treatment with two 
molecular proportions of phosphorus pentachloride at 110°, 
is transformed to 3:4-dichloromethylenedioxybenzyl chloride, 
CCl,:0,:C,H,°CH,Cl, which by subsequent treatment with formic 
acid yields 3:4-carbonyldioxybenzyl chloride, CO:0,:C,;H,°CH,Cl. 
This cyclic carbonate has been obtained quite recently by Pauly 
and Alexander (Ber., 1909, 42, 2350) by the partial reduction of 
3: 4-carbonyldioxybenzylidene chloride (‘‘ dichloropiperonal”’). 

The hydrolysis of 3:4-carbonyldioxybenzyl chloride to proto- 
catechuyl alcohol, C,H,(OH),-CH,-OH, was attempted. In one 
experiment an impure crystalline compound was obtained which 
had all the properties that this alcohol might be expected to 
possess. The substance was very readily soluble in water, alcohol, 
etc., but quite insoluble in benzene or xylene; its aqueous and alco- 
holic solutions gave an intense green coloration with ferric chloride, 
and the substance was easily oxidised. It was, however, found 
impossible to obtain the compound in a state of sufficient purity 
for analysis. For the preparation of 3:4-methylenedioxybenzyl 
chloride, the method due to Decker and Koch was employed, with 
a slight modification. Hydrogen chloride was passed into the dry 
ethereal solution of piperonyl alcohol, and the residue distilled 
after removal of the ether. As thus obtained, 3: 4-methylene- 
dioxybenzyl chloride was a liquid which could not readily be 
crystallised. In some experiments carried out in this manner 
there was produced on distillation a non-volatile solid, which was 
found to be practically insoluble in most organic solvents, and 
appears to be a dihydroanthracene derivative. The formation of 
this compound is probably due to the condensation of two molecules 
of 3:4-methylenedioxybenzyl chloride with elimination of hydrogen 
chloride, according to the equation: 


20H,:0,:0,H,"CH,0l = CH:05:0 Hy <7 >CyH,!0,:CH, +2HCl. 


It was further found that this condensation could be brought 
about either by the action of phosphorus pentachloride directly 
on piperonyl alcohol under certain conditions, or by the action of 
phosphoryl chloride on 3:4-methylenedioxybenzyl chloride. The 
5 E 2 
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impossibility of obtaining 3 :4-carbonyldioxybenzyl chloride by the 
direct action of phosphorus pentachloride on piperonyl alcohol is 
thus explained, since the phosphoryl chloride and 3:4-methylene- 
dioxybenzyl chloride first produced would react further and bring 
about the above condensation. By controlling the reaction so as 
to minimise charring, a certain amount of the hydroanthracene 
derivative was actually obtained directly from piperonyl alcohol by 
the action of phosphorus pentachloride. 

After the reduction of 3:4-methylenedioxymandelamide, 
CH,:0,:C,H,-CH(OH):CO-NH, (Barger and Ewins, Trans., 1909, 
95, 555), to an alkamine had proved unsuccessful, the action of 
phosphorus pentachloride on this compound was investigated. It 
was hoped that by this means a compound of the constitution 
CO:0,:C,H,*CHCI‘CN (3: 4-carbonyldioxyphenylchloroacetonitrile) 
would be obtained. By the action of four molecular proportions 
of phosphorus pentachloride at 130°, a mixture of compounds was 
produced, the main product being 3:4-methylenedioxyphenyl- 
dichloroacetonitrile, CH,:O,:C,;H,*CCl,,CN, which on boiling with 
formic acid was converted into 3:4-methylenedioxyphenylglyoxylo- 
nitrile, CH,:0,:C;H,-CO°CN. This compound on boiling with 
water readily yielded piperonylic acid. The methylene grouping 
in the amide was thus seen to be for the most part unattacked under 
the conditions employed. With more than four molecular propor- 
tions of phosphorus pentachloride, a mixture of substances was pro- 
duced from which nothing could be distilled. In a recent paper 
by Titherley and Worrall (Trans., 1909, 95, 1143), it has been 
shown that phosphorus pentachloride acting on primary amides 
produces a mixture of compounds containing phosphorus, and the 
failure to obtain the desired compound from 3:4-methylene- 
dioxymandelamide may be attributed to this fact. 

The fact that 3:4-methylenedioxyphenylglyoxylonitrile was pro- 
duced in the manner described above gave reason for the belief 
that by acting on piperonylonitrile, CH,:O,:C,H,°CN, with phos- 
phorus pentachloride at a high temperature, the hitherto un- 
described nitrile of protocatechuic acid might be obtained. This 
was indeed found to be the case. Piperonylonitrile, when acted 
on by two molecular proportions of phosphorus pentachloride in 
boiling toluene, gave, in the first place, 3:4-dichloromethylene- 
dioxybenzonitrile, CCl,:O0,:C,H,"CN. This substance reacted in the 
cold with formic acid, giving 3:4-carbonyldioxybenzonitrile, 
CO:0,:C,H;°CN, which on boiling with water was converted into 
protocatechuonitrile, CsH,(OH),°CN. 


ON THE METHYLENE ETHERS OF CATECHOL DERIVATIVES. 1485 


EXPERIMENTAL. 
3 :4-Dichloromethylenedioxybenzyl Chloride, CCl,:0,:C,H,°CH,Cl. 


3:4-Methylenedioxybenzyl chloride (20 grams), purified by dis- 
tillation under diminished pressure (b. p. 134—135°/14 mm.), was 
heated with two molecular proportions (49 grams) of phosphorus 
pentachloride to 110° for four hours. On distillation, 20 grams of 
a liquid (b. p. 154—156°/16 mm.) were obtained : 

0°1098 gave 0°1932 AgCl. Cl=43°5. 

C,H;0,Cl, requires Cl=44°4 per cent. 

As is usual in the very unstable derivatives of this type, the 

chlorine content is rather low. 


3:4Carbonyldioxybenzyl Chloride, CO:0,:C,H,*CH,Cl. 


The distillate obtained as described above reacted vigorously 
with formic acid in the cold, and if the solution were kept 
moderately concentrated a crystalline solid separated almost at 
once. The substance was recrystallised from light petroleum (b. p. 
80—90°), from which it separated in long needles, melting at 57°. 
Yield, 80 per cent. of the theoretical : 


0°1524 gave 0°1186 AgCl. Cl=19'1. 
C,H,;0,Cl requires Cl=19°2 per cent. 

For this substance, prepared by the careful partial reduction of 
3: 4-carbonyldioxybenzylidene chloride, Pauly and Alexander (loc. 
cit.) give m. p. 53°5—54°. 

With the view of obtaining protocatechuyl alcohol, 

C,H,(OH),°CH,°OH, 
hydrolysis was carried out in the following manner. 

3: 4-Carbonyldioxybenzyl chloride, cbtained as above, was dis- 
solved in ten times its weight of acetone, and water added in suffi- 
cient quantity to produce a slight turbidity. Acetone was then added 
drop by drop until a clear solution was again produced. Slightly 
less than the theoretical proportion of powdered marble was 
added, and the mixture boiled under a reflux condenser until all 
the marble had become converted into calcium chloride by the 
hydrochloric acid produced in the reaction. The disappearance of 
the marble served to indicate the complete replacement of the 
chlorine by hydroxyl. The acetone was then removed by distilla- 
tion, the aqueous residue concentrated under diminished pressure 
on a boiling-water bath, and the residue extracted with ether. 
The residue, after removal of the ether, usually consisted of a 
reddish-brown syrup. In one case the syrup spontaneously 
crystallised, but the crystals, which were coloured, could not be 
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freed from the mother liquor, nor could they be recrystallised, as 
already stated, for want of a suitable solvent; no analysis was 
therefore attempted. The residue left, on evaporation of the ether, 
was in all cases free from halogen, very soluble in water, ether, 
alcohol, acetone, and similar solvents, but quite insoluble in boiling 
benzene, toluene, xylene, or light petroleum. Its aqueous solution 
gave with ferric chloride a green coloration, which rapidly 
became brown. In alcoholic solution the green coloration was 
more permanent. Benzoylation, both according to Schotten- 
Baumann and by Einhorn’s method, gave a solid product, which 
was evidently a mixture of benzoyl derivatives; nothing crystalline 
could be obtained from it. Acetylation gave similar results. 


2: 3:6: 7-(or 1: 2: 5: 6-)Dimethylenetetraorydihydroanthracene, 
CH,:0,:0,H,<o Hy? >CgH:0,:CH,, 
2 


As already stated, this compound may be produced in a variety 
of ways. Its most convenient method of preparation was found 
to be the following. 

Piperonyl alcohol is dissolved in chloroform, and one molecular 
proportion of phosphorus pentachloride added to the solution. 
After the brisk reaction which ensues has subsided, the chloroform 
is removed by distillation from a boiling-water bath, and the 
residue heated at 100° for some time longer. A grey solid 
separates, which is collected and washed with a little chloroform. 
The solid is recrystallised from boiling nitrobenzene, in which it is 
sparingly soluble, and from which it separates in fine white needles, 
which do not melt at 360°; when heated under a pressure of 
20 mm., they sublime without much decomposition. The crystals 
are very slightly soluble in glacial acetic acid, but almost insoluble 
in all other organic solvents : 

0°1335 gave 0°3511 CO, and 0°0536 H,O. C=71:'7; H=4°5. 

0°1353 ,, 0°3523 CO, ,, 0°0530 H,O. C=710; H=4°5. 

C,,H,,0, requires C=71°6 ; H=4°5 per cent. 

The general properties of this substance (its sparing solubility, 
its volatility, and its stability), in conjunction with its formation 
from methylenedioxybenzyl chloride, indicate with considerable 
probability that it is related to anthracene; its composition, indeed, 
corresponds with that of a dimethylene ether of a tetrahydroxydi- 
hydroanthracene, which would be formed from two molecules of 
piperonyl chloride with loss of hydrogen chloride. It is, however, 
difficult to remove all doubt as to its constitution. A molecular 
weight determination was impossible, on account of its very slight 
solubility in organic solvents, and, partly for the same reason, 
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attempts to oxidise it with chromic oxide to the corresponding 
anthraquinone were unsuccessful. What appeared to be a well 
defined nitro-derivative was obtained as follows. 

One gram of the substance was suspended in 8 c.c. of glacial 
acetic acid, and an equal volume of nitric acid (D 1°4) was added. 
The mixture became dark brown, oxides of nitrogen were evolved, 
and crystals separated out. On recrystallisation from glacial acetic 
acid, well-defined yellow prisms (m. p. 217°) were obtained. The 
substance had no acidic properties; the yield was 0°24 gram: 

0'1453 gave 0°2767 CO, and 0:0386 H,O. C=51:°9; H=2°9. 

0:2197 ,, 15°6 c.c. N, (moist) at 20° and 760 mm. ; N =8:2. 

From these figures it is impossible to deduce a satisfactory 
formula; a dinitro-derivative of the original substance, of the 
formula C,,H,)0,(NO,)., would require C=53°6; H=2°8; N=7°8 
per cent. 


3:4-Methylenediory phenylglyorylonitrile, CH.:O.:C,H,*CO-CN. 


3:4-Methylenedioxymandelamide (5 grams) was heated with four 
molecular proportions of phosphorus pentachloride (22 grams) to 
150—160° for four hours. On distillation, 2°5 grams of a distillate 
which boiled at 150°/8 mm. were obtained. With formic acid in 
the cold, only a very feeble reaction was observed, but on boiling a 
considerable evolution of hydrogen chloride was noticeable, and 
the solution, on cooling, deposited a crystalline solid. This was re- 
crystallised from light petroleum (b. p. 80—90°), and then melted 
at 96—97°: 

0°1245 gave 0°2783 CO, and 0°0325 H,O. C=61:0; H=2°9. 

C,H;0,N requires C=61'7; H=2°85 per cent. 

This compound on boiling with water yielded piperonylic acid. 


3: 4-Dichloromethylenediozybenzonitrile, CCl,:0.:C,H*CN. 


17°9 Grams of piperonylonitrile, CH,:O,:C;H,°CN, prepared by 
heating piperonaloxime with acetic anhydride (Marcus, Ber., 1891, 
24, 3657), were dissolved in 50 c.c. of toluene, and two molecular 
proportions (50°8 grams) of phosphorus pentachloride added to 
the solution. (The use of a solvent appears to be essential.) The 
mixture was then boiled on a sand-bath under a reflux condenser for 
five hours. On distillation, 20 grams of a liquid (b. p. 155— 
156°/15 mm.) were obtained. This liquid, on keeping for a short 
time, was transformed to a solid, crystalline mass, which melted 
at 76—77°. The crystals are very unstable, readily evolving 
hydrogen chloride on exposure to moist air, To this fact may be 
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attributed the somewhat low value obtained for chlorine on 
analysis : 

0°1712 gave 0°2040 AgCl. Cl=29°5. 

C,H;,0,NCl, requires Cl=32°8 per cent. 

This compound is interesting as being a crystalline dichloro- 
methylene derivative, only one other crystalline compound of 
this type (af-dichloro-a-3 : 4-dichloromethylenedioxyphenylethane, 
Barger, Trans., 1908, 93, 2084) having hitherto been obtained. 


3: 4-Carbonyldioxybenzonitrile, CO:0,:C,Hs°CN. 


3: 4-Dichloromethylenedioxybenzonitrile reacts readily in the 
cold with formic acid, evolving hydrogen chloride. After a short 
time a crystalline solid separates, which, when recrystallised from 
benzene, forms broad prisms melting at 112°. Yield, 70 per cent. 
of the theoretical: 

0°2009 gave 14°8 c.c. N, (moist) at 16° and 754mm. N=8°9. 

C,;H;0,N requires N=8°7 per cent. 


3:4-Dihydroxybenzonitrile (Protocatechuonitrile), CsH;(OH),*CN. 


3:4-Carbonyldioxybenzonitrile was suspended in water and the 


mixture boiled. A brisk evolution of carbon dioxide took place, 
and a clear solution was finally produced. On cooling, the solution 
deposited crystals of protocatechuonitrile in long, white, fine needles, 
which, when dried in the steam-oven, melted sharply at 152°. Its 
aqueous solution gives the characteristic catechol colour reactions 
with ferric chloride: 

0°2228 gave 20°1 c.c. N, (moist) at 18° and 759 mm. N=10°4. 

C,H;O,N requires Ni=10°4 per cent. 

Protocatechuonitrile yields, on benzoylation by Einhorn’s method, 
a dibenzoyl derivative, which crystallises from absolute alcohol in 
very long, fine threads, and melts at 131°. 


The author wishes to express his thanks to Dr. G. Barger for his 
ready help and advice throughout the work. 
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CLXIX.—The Preparation of Disulphides. Part VI. 
Note on a New Method of Preparing Disulphides. 


By Tuomas SiaterR Price and Doveias Franx Twiss. 


Ir is somewhat surprising that although the sodium and other 
salts of the alkyl thiosulphates have been known for a considerable 
time (Bunte, Ber., 1874, 7, 646; Purgotti, Gazzetta, 1890, 20, 25; 
etc.), it is only comparatively recently that the reactions which 
they undergo have been studied to any extent. Bunte and 
Purgotti investigated mainly the hydrolytic action of acids with 
the formation of mercaptans, and Purgotti noted the complex 
decomposition which these compounds undergo when subjected to 
the action of heat. 

Since 1907 the authors have been engaged in further investiga- 
tions on these compounds, and have shown how the corresponding 
disulphides may be obtained from them (Trans., 1907, 91, 2021; 
1908, 98, 1395, 1401, 1645; 1909, 95, 1050). Gutmann has also 
studied the action of alkalis (Ber., 1908, 41, 1650), and more 
recently the action of acids (Ber., 1909, 42, 228). 

Whilst engaged in the investigation of diselenides (Proc., 1908, 
24, 134), one of us, in conjunction with Mr. L. M. Jones, B.Sc., 
found that these compounds are very readily produced from the 
alkyl selenosulphates by the action of iodine. The reaction takes 
place very quickly at the ordinary temperature, and proceeds 
according to the equation: 

2K0-SO,°SeR + 2H,0 + I, = R,Se, + 2K HSO,+ 2HI. 

It has been supposed hitherto that the alkyl thiosulphates do not 
react with iodine ; indeed, the method used by Slator (Trans., 1904, 
85, 1286; 1905, 87, 481) and by Slator and Twiss (Trans., 1908, 
93, 1648) for determining the velocity of reaction between sodium 
thiosulphate and organic halogen compounds depends on the fact 
that the alkyl thiosulphates are not affected by iodine at the 
ordinary temperature. We have found, however, that at higher 
temperatures reaction readily takes place with the formation of 
the corresponding disulphides. In all probability, the reaction is 
direct, and does not consist in a primary hydrolysis of the alkyl 
thiosulphate by water and oxidation of the resulting mercaptan 
by iodine. It is hoped that velocity measurements will throw light 
on the mechanism of the reaction. 

As will be seen from the experimental results, the yields of 
disulphide are practically quantitative. The method is much more 
satisfactory than the one employed by Blanksma (Ree. trav. chim., 
1901, 20, 137), which depends on the interaction between sodium 
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disulphide and the organic halogen compound. In the case of 
nitro-derivatives, Blanksma has recently shown (Rec. trav. chim., 
1909, 28, 105) that the nitro-group also undergoes reduction to 
some extent when sodium disulphide is used. 

Experiments were also made in which iodine was replaced by 
chlorine, but the results were not very satisfactory, the disulphide 
obtained being contaminated to a considerable extent with the 
mercaptan; moreover, the yield was always poor. 

The investigations detailed in our first paper (Trans., 1907, 91, 
2021) have shown that the alkyl thiosulphates do not undergo 
electrolytic oxidation, with the formation of disulphides, at a 
platinum anode. We thought it possible, however, that if the 
solution also contained a chloride, the chlorine liberated on passage 
of the current would bring about the formation of disulphide. 
Experiments made with sodium benzyl thiosulphate and sodium 
p-nitrobenzyl thiosulphate did not, however, give very satisfactory 
results either in hot or cold solutions. In all cases, a small amount 
of a dark pasty mass was formed on the rotating platinum anode, 
and this was proved to contain disulphide, but at the same time, 
especially when an acid anolyte was used, a considerable amount of 
mercaptan was formed. Experiments in this direction were there- 
fore discontinued. 


EXPERIMENTAL. 


Dibenzyl Disulphide.—A mixture of 5 grams of benzyl chloride, 
10 grams of sodium thiosulphate, 30 c.c. of water, and 30 c.c. of 
alcohol (95 per cent.) was heated on the water-bath under a reflux 
condenser for one hour. Iodine was then added, in small portions 
at a time, until the colour remained, the time required for this 
operation being less than half an hour. The contents of the flask 
were then cooled to the ordinary temperature, diluted with water 
to precipitate any disulphide remaining in solution, and the excess 
of iodine removed by careful addition of sulphurous acid. The 
product so obtained was collected and dried; application of the 
usual tests showed it to be dibenzyl disulphide. The yield of crude 
product was 99 per cent., whereas the best yield obtained by the 
electrolytic method was 86 per cent. 

Di-o-nitrobenzyl Disulphide.—This compound was prepared from 
o-nitrobenzyl chloride in a similar way to that already described 
for dibenzyl disulphide. The quantities taken were 10 grams of 
o-nitrobenzyl chloride, 15 grams of sodium thiosulphate, 40 c.c. of 
water, and 40 c.c. of alcohol. The reaction mixture was heated on 
the water-bath for one hour, and the addition of the iodine extended 
over half an hour. 
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The yield of crude di-o-nitrobenzyl disulphide obtained was 98°5 
per cent., that is, practically quantitative. It is much better than 
that obtained by the action of sodium carbonate, which was only 
about 25 per cent. (Trans., 1908, 93, 1401). 

Experiments were not made with the meta- and para-compounds, 
since it was only the ortho-compound which gave very poor yields 
by the sodium carbonate method. 

Dimethyl Dithiodiglycollate——A mixture of 15 grams of methyl 
bromoacetate, 25 grams of sodium thiosulphate, 50 c.c. of water, 
and 50 c.c. of alcohol was heated on the water-bath for three- 
quarters of an hour; 50 c.c. more alcohol and 12 grams of iodine, 
in small portions at a time, were then added, the reaction taking 
place rapidly. When the reaction was complete, the mixture was 
cooled to the ordinary temperature, any excess of iodine removed 
by the addition of sulphurous acid, and then diluted with water to 
precipitate the dimethyl dithiodiglycollate formed. The ester was 
extracted with ether and recovered from the ethereal solution in 
the usual manner. It was proved to be dimethyl dithiodiglycollate 
by hydrolysis with aqueous hydrochloric acid and identification of 
the dithiodiglycollic acid formed. 

The yield of crude ester was 73 per cent., whereas the electrolytic 
method gave only 60 per cent. (Trans., 1908, 93, 1645). Moreover, 
there was no objectionable odour during the preparation, as was 
the case when the electrolytic method was used. 


We desire to express our thanks to the Research Fund Com- 
mittee of the Chemical Society for a grant which partly covered 
the cost of the foregoing investigations. 
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CLXX.—The Estimation of Carbonates in Presence of 
Nitrites, Sulphides, or Sulphites by means of Potass- 
tum Dichromate. 


By Ernest Ropert Mar .e. 


Tuat carbonates are decomposed by a strong solution of potassium 
dichromate is probably well known, although the fact is seldom 
noted in the text-books, and I have found little mention of the 
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subject in chemical literature. Chapman Jones (Qualitative 
Chemical Analysis, 1906, 110) recommends the substitution of 
dichromate for dilute acid in the detection of carbonates in presence 
of nitrites, sulphides, or sulphites, none of which effervesce with 
dichromate. Moissan (T7'raité de Chimie Mimérale, Vol. IV, 641) 
states that potassium chromate can be prepared by neutralising the 
dichromate with potassium carbonate. 

The present research was undertaken with the view of determining 
if the decomposition were quantitative, to investigate the action 
of the dichromate on nitrites, and, if possible, to devise a method 
of estimating carbonates in the presence of nitrites. 


EXPERIMENTAL, 


I.—The Action of Potassium Dichromate on Carbonates. 


The apparatus used consisted of a conical flask about 300 c.c. 
capacity, fitted with a tap funnel, and a reflux condenser, the top 
of which was connected with a series of drying tubes, followed by 
potash bulbs communicating through a calcium chloride tube with 
an aspirator. About 1 gram of the carbonate, in the solid state 
or in solution, is placed in the flask, and 5 per cent. aqueous 
potassium dichromate is added. The solution is heated gently to 


boiling, and is kept boiling for two or three minutes. Carbon 
dioxide is evolved fairly uniformly up to the boiling point. About 
1200 c.c. of air are drawn through the apparatus at the end. 

It was found that soluble carbonates are quantitatively decom- 
posed in this way, and that insoluble carbonates, in a very fine 
state of division, are completely decomposed on boiling for five or 
ten minutes, provided that the resulting chromate is soluble in the 
liquid, otherwise decomposition is incomplete. 

In the following table, a was pure sodium carbonate (from the 
bicarbonate) ; 6, calcite; c, “ magnesia alba ponderosa”; d, nickel 
carbonate. c and d were also analysed in the same apparatus, using 
sulphuric acid. 

Weight of Carbon 


carbonate dioxide Per- 
. ? 
Carbonate. in grams. gram. centage. Calculated. 


0°4519 41°48 
04305 41°55 41°51 
0°3280 41°55 
0°1400 43-93 
0°1929 44°19 43°96 
0°4339 36°26 

0°4115 36°18 

0°4631 36°22 

0°0725 17°84 

0-0517 17°97 

0°1556 18°29 


ye 
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Copper carbonate gave 7°69, 7°47, and 7°85 per cent. of carbon 
dioxide, using dichromate, and 9°11 and 9°05 per cent. using acid. 
Barium carbonate was only partly decomposed by potassium 
dichromate. 

The chromates of nickel, copper, and barium are sparingly soluble 
or insoluble. 


II.—The Action of Potassium Dichromate on Nitrites. 


On fusion with dichromate, nitrites evolve oxides of nitrogen; 
the residue contains chromate, and shows no sign of reduction even 
when the nitrite is in excess. Strong solutions, containing a 
dichromate and a nitrite, evolve red fumes on boiling, and no 
reduction is observed unless the boiling be prolonged, when a 
slight brown precipitate appears (probably chromium dioxide). 

Excess of a strong acid produces immediate reduction—-to 
chromium dioxide with excess of dichromate, to a chromic salt with 
excess of nitrite—but as much as one-fifth equivalent of free acid * 
produces no reduction in half an hour. Distillation of a dilute 
solution of a nitrite with potassium dichromate gives an acid 
distillate having the reactions of nitrous acid; no nitrous fumes 
appear when the concentration of the nitrite is less than 5 per cent. 
The yield of nitrous acid increases with the concentration of the 
nitrite, but seems to be independent of that of the dichromate, 
provided that at least a quantity equivalent to the nitrite of the 
latter be present. 

Nitrous acid is said to decompose according to the equation: 

3HNO,=2NO+ HNO, + H,O. 

That it may be permissible to estimate carbonates in the presence 
of nitrites, it is necessary to determine to what extent this decom- 
position proceeds under the conditions of the experiment. This 
was done in two ways. First, the quantity of nitrous acid which 
can be distilled from a solution containing a nitrite and a 
dichromate was determined; and second, the quantity of nitric 
oxide evolved was measured. 

The volume of standard permanganate solution required to 
oxidise the distillate was compared with that necessary to oxidise 
the original nitrite solution. It was found more satisfactory to 
finish the titration with oxalic acid, as, in the usual method, when 
excess of permanganate is present, a precipitate of hydrated 
peroxide of manganese is liable to be formed on warming, and 
this is only slowly removed by oxalic acid (compare Harcourt and 
Esson, Phil. Trans., 1866, 156, 193). 


* The nitrite contained more than 97 per cent. of sodium nitrite. 
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The best yield of nitrous acid was obtained when 100 c.c. of 
distillate were collected at a time, and the solution in the flask 
was made up to the original volume after each distillation. 

After about 30 per cent. of the nitrous acid had passed over, 
successive distillates contained very slowly diminishing quantities 
of nitrous acid, indicating that about 90 per cent. of the total 
might be expected in about six litres of distillate. Mr. Chapman 
Jones, in 1899 (results unpublished), by distilling slowly, obtained 
91:2 per cent. of the nitrous acid in the distillate, the residue in 
the flask containing practically no nitrite. Loss about 10 per 
cent. 

To determine if appreciable quantities of nitric oxide are carried 
over during distillation, two series of experiments were made. 

(1) An apparatus was employed by means of which 100 c.c. of 
liquid could be distilled over in an atmosphere of carbon dioxide, 
the gas formed being collected in a nitrometer over concentrated 
potassium hydroxide solution. Nitric oxide corresponding with 
about 3 per cent. of the nitrite was obtained. 

(2) A modification of the apparatus described by Meisenheimer 
and Heim (Ber., 1905, 38, 3834) was used. Ten c.c. of 1°2 per 
cent. potassium nitrite and 25 c.c. of 1°2 per cent. potassium 
dichromate were placed in the flask, the air was displaced by 
carbon dioxide, and the liquid was distilled almost to dryness; the 
gas was collected in a nitrometer. A condenser was inserted 
between the flask and the nitrometer, as the hot nitrous acid was 
found to act on the mercury of the nitrometer. Nitric oxide 
corresponding with about 5 per cent. of the nitrite was obtained. 

Since, under these rather severe conditions, the quantity of 
nitric oxide set free is so small, that liberated during an actual 
estimation of a carbonate in the presence of a nitrite would be 
negligible. Further, part of the nitric oxide dissolves in the 
dichromate solution, and gives, on boiling, the slight darkening 
of colour and precipitation noted above. 


IlI.—The Action of Potassium Dichromate on Carbonates and 
Nitrites together. 


From the above experiments, it would seem that it is theoretically 
possible to estimate carbonates in the presence of nitrites, provided 
that good condensation of the nitrous acid is ensured (compare 
Marle, Proc., 1909, 25, 74). 

Equal portions of a solution of pure sodium carbonate, each 
containing 1°0023 grams, mixed with 25 c.c. of 5 per cent. aqueous 
sodium nitrite, were boiled with 100 c.c. of 5 per cent. potassium 
dichromate in the apparatus described on p. 1492. 
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The following results were obtained : 


Sodium carbonate, Carbon dioxide, 
grams. Nitrite, grams. gram. Percentage. 
10023 1°25 0°4152 41°42 
1:0023 1°25 0°4155 41°45 
-- 1°088 0°0170 1°56 
— 2°176 0°0330 1°52 
— 2176 0°0347 1°60 
0°4250 0°4419 0°1824 21°00 
0°4250 0°4419 0°1837 21°14 
1°0626 1°1047 0°4562 21°14 
1°0626 1°1047 0°4542 21°05 
2°1252 2°2093 0°9075 21°00 


In the first two experiments sodium nitrite free from carbonate 
was used, in the remainder an impure potassium nitrite was 
employed. The mean of the last five determinations gives 1°30 
per cent. of carbon dioxide in the nitrite. Hence a very fair 
accuracy is possible even when the nitrite is greatly in excess. 


IV.—The Action of Potassium Dichromate on Sulphites and 
Carbonates together. 


Aqueous solutions of alkali sulphites reduce potassium dichromate 
slowly in the cold and rapidly on boiling; no gas is evolved. 
In the presence of a soluble carbonate, dichromate being in 


excess, an olive-green precipitate forms on standing in the cold. 
The filtrate contains no sulphite, and no tervalent chromium. The 
precipitate, thorcughly washed with cold water and dried over 
concentrated sulphuric acid in a vacuum, is of a brownish-green 
colour, insoluble in cold water. On boiling with water, carbon 
dioxide is evolved, and a brown powder resembling chromium 
dioxide remains, but a carbonate is still present. 

One specimen gave on analysis: Cr,0,=50°34; Alkalis=8°7 ; 
CO,=15'18; H,O=23 per cent., and traces of sulphate and 
chromate. 

The substance is an impure basic carbonate of chromium, and, 
since chromium chromate is not soluble in potassium dichromate 
solution, it resembles the carbonates of nickel and barium in 
being incompletely decomposed by potassium dichromate solution. 
Experiment shows that only 98 or 99 per cent. of the carbon 
dioxide of a carbonate is expelled by dichromate in the presence of 
a sulphite, even with prolonged boiling. 

The method of estimation is therefore modified by boiling the 
mixed solution in the apparatus, and then adding dilute sulphuric 
acid to complete the reaction. No sulphur dioxide is liberated. 

Sodium sulphite almost always contains carbonate, so that a 
preliminary series of experiments was made to determine the 
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amount of carbonate present. Assuming this quantity, subsequent 
experiments gave good results for the carbon dioxide in sodium 


carbonate : 
50°038 grams of sodium sulphite in 250 c.c. 


“ec. of solution. Carbon dioxide, gram. Percentage. 
25 0°0605 1°21 
25 0°0622 1°24 
25 0°0713 1°42 
50 0°1052 1°05 Mean... 1°23 


It was found impossible to use larger quantities of sulphite 
because of the bulky precipitate which formed in the flask. 

75339 Grams of pure sodium carbonate and 10°0076 grams of 
sodium sulphite were dissolved in 250 c.c., and 25 c.c. of this 
solution were boiled with dichromate. The carbon dioxide due to 
the carbonate in the sulphite is assumed to be 0°0123 gram in each 
case: 

Carbon dioxide Percentage of 


Carbon dioxide, from sodium carbonate, carbon dioxide in 
gram. gram. sodium carbonate. 


0°3261 0°3138 41°65 
0°3269 0°3146 41°76 
0°3253 0°3130 41°55 

Na,CO, requires 41°51 


V.—The Action of Potassium Dichromate on Carbonates and 
Sulphides together. 


Sodium sulphide reduces dichromate at once, no gas is evolved, 
a precipitate of sulphur and chromium hydroxide forms, and the 
solution is yellow; when dichromate is added in excess, the filtrate 
decomposes carbonates. 

On distillation with excess of dichromate, a neutral liquid is 
produced containing a white precipitate of sulphur, but no hydrogen 
sulphide, so that when a reflux condenser is used no gas passes on 
into the apparatus. 

Insoluble sulphides are not affected by dichromate solution. In 
the presence of a soluble carbonate, a basic carbonate of chromium 
is formed ; so that it is necessary to add dilute acid after boiling 
to ensure complete decomposition of the carbonate. 

Pure sodium sulphide solution free from carbonate was prepared, 
and 5 c.c. of this (a 6 per cent. solution) were added to the pure 
sodium carbonate used. 


Sodium carbonate, Carbon dioxide, 
grams. gram. Percentage. 
0°7534 0°3139 41°66 
1°3740 0°5719 41°62 
Na,CO, requires 41°51 
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Conclusions. 


Carbonates may be estimated by means of potassium dichromate 
in the presence of nitrites. The nitrous acid formed during the 
operation is condensed in a reflux apparatus, and the quantity of 
nitric oxide (due to decomposition of the nitrous acid) carried off 
by the carbon dioxide is negligible under the conditions of the 
experiment. 

If sulphides or sulphites are present, a basic carbonate of 
chromium is formed which is not completely decomposed by 
potassium dichromate, so that the action must be completed by the 
addition of dilute sulphuric acid towards the end of the operation. 


My thanks are due to Mr. Chapman Jones for his kindness in 
suggesting the above problems, and for the loan of the notes of 
work carried out in his laboratory. 
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CLXXI.—The Preparation at High Temperatures of 
some Refractory Metals from their Chlorides. 


By Joun Norman PrinG and WILLIAM FIELDING. 


Very little has been published on the nature of the reactions 
whereby the metals tungsten, molybdenum, chromium, tantalum, 
and the non-metals, silicon and boron, may be obtained in the 
pure state by the dissociation of their chlorides or by decom- 
position of these by hydrogen at high temperatures. These 
reactions are made use of on a large scale in lamp manufacture 
for the preparation of filaments of refractory metals, and endeavours 
have been made to apply the method to the coating or “ flashing ” 
of carbon lamp filaments with elements which give a more favour- 
able selective radiation than carbon. 

The process devised by Just and Hanaman (Zlectrical Review, 
1908, 63, 1070; Electrochem. and Metall. Ind., 1909, 7, 24) for 
the preparation of tungsten filaments consists in exposing ordinary 
carbon filaments heated to bright redness by an electric current 
to an atmosphere of a volatile tungsten compound, such as a 
chloride or oxychloride. A uniform layer of tungsten is thereby 
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deposited on the filament. This is then converted into carbide by 
raising the temperature, and is then decomposed and all the 
carbon removed by heating in an atmosphere of hydrogen con- 
taining a small percentage of water vapour. In this way a sintered 
filament of pure tungsten is left in tubular form. 

The object of this investigation was to ascertain the conditions 
hecessary for causing the separation of tungsten, molybdenum, 
chromium, silicon, and boron from the chlorides, by means of a 
heated carbon rod, to study the extent to which they react with 


the carbon at different temperatures, and to examine briefly the 
photometric properties of the rods coated with these deposits. 

The apparatus used consisted of a tubular glass flask of about 
2 litres capacity, which contained a carbon rod usually of 5 mm. 
diameter and about 9 cm. long (Fig. 1). To allow of electrical 
heating, this rod was, at each end, mounted in water-cooled brass 
tubes, fitted with graphite end pieces, which were fixed by electro- 
coppering the ends and soldering them into the brass plugs which 
closed the water-cooled tubes. No difficulty was in this way 
experienced in ensuring good electrical contact between the carbon 
and the graphite; arcing was quite avoided even with high-current 
densities, and the rod could afterwards be removed without any 
loss. 
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The water-cooled brass tubes were fixed in the side-tubes of the 
flask by means of wax, which proved to be quite air-tight even 
during the heating of the rod. 

With a rod 7 cm. long and 0°5 cm. diameter in an atmosphere 
of hydrogen, and using a current of 160 amperes (direct current) 
at 18 volts, a temperature of 2200° could quite safely be attained 
in this apparatus, and the flask could be evacuated with the rod 
at 2100°. The experiments carried out with this apparatus con- 
sisted in heating the rod to various known temperatures, exposing 
it to the vapours of the various chlorides, either alone or in 
presence of hydrogen, and examining the deposits obtained. 

In studying the reaction between volatile chlorides and hydrogen, 
the latter, before passing into the flask, was led over the surface 
of the chloride contained in a bulb which was kept in a water-bath 
to control the temperature, and hence the amount vaporised. 

In cases where the chlorides were used alone, these were admitted 
intermittently into the vacuous flask, which was again exhausted 
to remove the products of decomposition. In experiments with 
the solid chlorides, such as tungsten and molybdenum, the sub- 
stance was placed in a graphite crucible arranged 1 to 3 cm. 
underneath the rod, and thus vaporised by the radiant heat. In 
this case, pumping was continued throughout the process to maintain 
a diminished pressure and remove the gaseous products of decom- 
position. Temperature readings were taken by means of the 
Wanner optical pyrometer, sighted on to the carbon rod. The 
deviation from “black body” radiation with these heated rods 
was measured by checking the pyrometer readings against those 
given by a thermo-junction arranged in the interior of a hollow 
rod. The difference at 1250° was found to be not above 15° 
(Greenwood, Trans., 1908, 93, 1486). 

In the course of an experiment, the apparatus was first com- 
pletely exhausted by means of a Tépler pump, and then, while the 
glass was quite clear, a series of readings was taken, in each case, 
of the temperatures corresponding with the number of watts 
expended in the rod. Throughout each run the watts were 
kept as constant as possible in order to secure a uniform 
temperature.* 

The first indications of the deposition of metal were usually 
given by a fall in the resistance of the rod, which continued as 
the thickness of this coating increased, and also in some cases, 


* In cases where a large change in the resistance of the rod took place during 
the deposition, a certain error in the temperature estimates would arise through 
the unknown contact resistance between the carbon rod and the graphite support- 
ing plugs. When the rod is carefully fitted, however, there is evidence to show 
that this contact resistance is low, An idea of the current consumption needed fo 
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especially with tungsten and molybdenum, by a marked increase 
in the luminosity of the rod. 


Boron. 


The decomposition of boron trichloride was brought about by 
mixing with an excess of hydrogen and allowing to circulate 
through the apparatus at atmospheric pressure. At 1500° a slight 
deposit of free boron occurred, which fell off on cooling. At 1750° 
the rod began to be coated with a smooth shell deposit of boron 
carbide, which could afterwards be peeled off, and was identified 
by its characteristic hardness, enabling it to scratch a carborundum 
crystal. Very little change in resistance took place during this 
deposition. 

At 1950° the deposit of carbide took place more readily, was 
more adherent, and assumed a nodular form, whilst at 2150° the 
deposit began at several centres and expanded into large, crystalline 
masses, which grew outwards until they met and formed an outside 
casing in a zone of lower temperature. 

In this case, the crystals were very loosely attached to the rod, 
only adhering at a few small points. 

At 2200° it was no longer possible to obtain a complete deposit 
of carbide on the rod, but a sooty formation of this substance, 
together with free boron, took place on the water-cooled brass 
holders. This dispersion of the boron carbide under these con- 
ditions is probably not due to simple volatilisation, as the melting 
point of this compound has been found, in the course of some 
unpublished work, to be as high as 2350°, and the substance does 
not undergo any considerable decomposition or volatilisation below 
2800°. 

At temperatures above 2000° the boron appears to exert a 
catalytic effect in converting the carbon into graphite, as, in these 
cases, a layer of very soft graphite was formed underneath the 
deposit and extended about half way through the rod, while a 
thin core in the centre apparently remained as unchanged carbon. 
The experiments made with boron trichloride are tabulated below. 
In each case the carbon rod used was of 5 mm. diameter, 7 to 9 cm. 
long, and 5 to 8 grams of boron chloride were used. 


these experiments is shown in the following tablé, where a rod 0°49 cm. diameter 
and 5°5 cm. long was calibrated for temperatures up to 1760°. 


Watts. Temp. 
385 1220° 
522 1355 
672 1470 
840 1590 

1017 1690 
1113 1760 
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I.—Boron trichloride used with excess of hydrogen at atmospheric 
pressure. 


Thickness of 
Length of Duration of layer of B,C 
Temp. rod,cm. run, mins. formed, mm. Nature of deposit. 
1800° 9 45 0-2 Smooth skin deposit. 
1950 7°5 35 0°6 Nodular adherent deposit. 
2200 70 23 —_ Sooty deposit of BgC and 
boron on tubes. Few 
crystals on rod adhering 
by points. 
1900 8°6 0°5 Shell deposit studded 
with crystals. 


II.—Boron trichloride, with small quantity of hydrogen, at about 
half an atmosphere pressure. 


Duration of Boron trichloride 
Temp. run, mins. used, grams, Nature and weight of deposit. 


1780° 80 13°05 Hard adherent shell deposit 
with corrugated surface. 
Weight 0°493 gram of B,C. 

1900 50 6°21 Small, hard crystals of B,C, 
weight 0°148 gram. 


Silicon. 


Reactions were conducted with silicon tetrachloride in a manner 
similar to the above. The silicon chloride was, in some cases, 
admitted alone after evacuation of the globe, in others was mixed 
with hydrogen, and in some with hydrogen and benzene vapour 
(compare “ Helion” filament, Hlectrician, 1907, 58, 567; Trans. 
Electrochem. Soc., 1907, 11, 375). 

Using silicon tetrachloride alone, no considerable deposit was 
obtained. With an excess of hydrogen, the silicon began to deposit 
at 1700°, forming a thin shell layer of silicon carbide, and above 
this, hard crystals of free silicon, although silicon is known to 
combine with carbon at 1300° (Pring, Trans., 1908, 93, 2104). 

At 1925° the whole of the deposit was in the form of carbide. 

When the reaction was conducted in presence of benzene vapour, 
the deposit obtained was found to consist of silicon carbide (SiC), 
together with a varying excess of carbon. The method adopted, 
in most cases, for examining the nature of the deposits consisted 
in treating the substance with hot potassium hydroxide solution, 
whereby free silicon is dissolved. Free carbon was next removed 
by igniting in air, and the silicon carbide left unchanged. Analysis 
of this was in some cases effected by igniting in chlorine, 
ascertaining the loss in weight, then igniting in oxygen, and 
absorbing the carbon dioxide formed in a weighed potash bulb. 
The results of the experiments are given in the following table. 
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The dimensions of the rod used were, in each case, 9 cm. in 
length and 0°5 cm. in diameter. No considerable change in the 
resistance of the rod took place during the deposition. 


Mixture Length Tempera- 
admitted, of run. ture. Nature and weight of deposit. 
SiCl,+ H, 60 mins. 1700° Shell layer of Si, studded with very 
small, hard crystals 0°05 mm. 
thick. 
SiC], + H, 75s, 1830 Shell layers studded with very hard 


crystals of Si. Total weight de- 
posited 0°248 gram. 

SiCl,+ H, 60 ,, 1925 Large, crystalline masses of SiC de- 
posited. Weight, 0°876 gram ; 
graphite core, 0°485 em. left. 


SiCl,+ H, 35 ,, 2000 Loosely attached crystals of SiC ; 
weight, 0°816 gram. 

SiCl, alone ae 1700 No deposit. 

SiHCl, alone 35 ,; 1830 No deposit. Rod evolved some gas 
on treating with hot potash solu- 
tion. 

SiHCl],+SiCl, 40 ,, 2030 Considerable gas evolution on treat- 
ing rod with hot potash solution. 

C,H, + H, + SiCl, @ ws 1850 Very smooth shell deposit of SiC. 
0°02 gram. 

CsH,+H,+S8iCl, 40 ,, 2000 Large masses of loosely adhering 


crystals of SiC, 0°15 cm. thick. 
(These, on analysis, were found to 
consist of SiC with excess of car- 
bon, namely, Si=60°2 and C= 
36°1 per cent.) 

C,H, + H,+SiCl, 60 ,, 2000 Crystals containing Si=63°2 per 
cent. 

C,H, + H,+SiCl, 2 hrs. 1870 Deposit of 1°76 grams. No free Si. 
Combined Si in deposit =64°4 per 


cent. 

Cs5H,+H,+SiCl, 14 ,, 1750 Bright crystalline deposit of 1°59 
grams. Combined Si=65°5 per 
cent. 

CgH,+ SiCl, oe 1700 Dull black, crystalline deposit, 1°35 
grams, 


The deposits obtained when silicon tetrachloride is decomposed 
in conjunction with hydrocarbons appear to consist of silicon 
carbide, SiC (which contains 70°3 per cent. of silicon), with an excess 
of carbon. 


Tungsten. 


Tungsten hexachloride was obtained as purple crystals con- 
taminated with traces of the red oxychloride by passing dry 
chlorine over metallic tungsten, heated in a Jena glass tube. This 
was luted into a wider glass tube, to serve as condenser for the 
sublimed chloride. Great care was taken to keep everything dry 
and exclude moisture. The chloride, which volatilises at 346°, was 
placed in a graphite crucible of 3°6 cm. height, 2 cm. internal 
depth, 2°6 cm. internal diameter, and 3°2 cm. external diameter. 
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The crucible was fixed on to the end of an iron rod, as shown in 
Fig. 2. This and a second rod passed through two holes in the 
stopper at the neck of the flask, and permitted an adjustment of 
the distance from the heated carbon rod. 

In some experiments, to facilitate further the heating of the 
crucible, a spiral of platinum wire was wound round, the ends 
being joined on to the two iron rods, A sheet of mica was placed 
around the crucible for insulation. The flask was then exhausted 
by means of a Tépler pump, and the rod heated. In some cases, 
hydrogen was introduced, but this was not found to assist the 
reaction. Probably owing to difficulties in causing volatilisation, 
there was usually no deposition when the pressure of gas inside the 
flask exceeded 2 cm. 

A coating of metal on the rod began to take place at 1000° 
under a pressure of 1 cm. When the deposition began, an imme- 
diate fall in the resistance of the rod occurred, in many cases 
amounting to more than half the original value. The current was 
adjusted throughout each run so as to keep the watts as constant 
as possible. The deposits were, in all cases, of a silver-white colour, 
adherent and smooth, and their nature was ascertained by their 
hardness, the pure metal being comparatively soft and unable to 
mark glass, whilst the carbide is very hard and scratches glass 
readily (compare Moissan, “ The Electric Furnace,’ London, 1904, 
p. 160). 

In the experiments tabulated below, the crucible was placed at 
a distance of about 1 to 1°5 cm. from the rod. 


Duration Nature and weight of 
Resistance of experiment. deposit. 
Watts before and ‘i A i 
Temp. consumed. after (ohm.) grams, 
2050° 2170 aa 60 mins. W,C 0°35 
0°260 . 
1530 800 0141 90 ,, WwW 0°69 
0°149 ; 
1770 1100 onan 60 ,, W,Cc 0-18 
: 0°105 ‘ 
1550 610 0-076 60 ,, W,C 0°86 
1580 650 hp 24 hrs, Ww 0:1 
1500 580 pa 90 mins. W+W,C ~~ 
0°23 F 
1400 420 0°10 60 ,, WwW 1°13 
0°252 . 
1200 250 0-000 90 ,, Ww Vl 


From this it is seen that metallic tungsten is deposited from 
the chloride at temperatures between 1000° and 1500°, and that 
tungsten carbide is formed above this temperature. 
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Molybdenum. 


Reactions with molybdenum tetrachloride and _pentachloride, 
prepared by passing dry chlorine over the heated metal, were 
carried out as with tungsten hexachloride. The graphite crucible 
was placed at a distance of 1°5 cm. from the heated rod, and the 
following results were obtained. 


Watts Resistance (ohm) Duration of 


Temp. consumed. before and after. experiment. Deposit. 

1600° 750 rye 60 mins. “eae of 
— = 0-139 Os { Het Men (white, 
yao ao IBEY gg, {tal th uri in 
Ce) a er 


bide. 


Metallic molybdenum is thus separated from the chloride at 
temperatures below 1330°, the carbide being formed above this 
temperature. 


Chromium. 


An endeavour was made to obtain deposits of chromium, using 
the volatile oxychloride, CrO,Cl,. The temperature of the rod was 
slowly raised up to 2000°, and the pressure of oxychloride vapour 
varied, but no visible deposit of metal took place. 

On admitting hydrogen, the mixture detonated, and chromium 
chloride was deposited on the sides of the flask. 

The carbon rod became considerably pitted during the experi- 
ment, and on treating with aqua regia was found to have taken 
up traces of chromium, but no distinct coating of metal or carbide 
could be obtained by this reaction. 


Removal of Carbon from the Carbides of Tungsten and 
Molybdenum. 


The above experiments show that it is possible to prepare the 
metals tungsten and molybdenum by the dissociation of their 
chlorides at high temperatures. Any desired thickness of metal 
can, in this way, be obtained as a deposit on the carbon heaters. 
Endeavours were made to remove the metal deposits from the 
carbon rods and obtain them in the form of tubes, and, at the same 
time, to remove any trace of combined carbon from the metal. 
The authors were not successful in preparing tubes of these metals, 
but it was found that if the deposition of tungsten and molybdenum 
from the chlorides was allowed to take place on carbon rods in 
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presence of 1 to 2 c.c. of water vapour, the flask being otherwise 
vacuous, that the metal deposited at all temperatures was free 
from carbon, although less adherent than that prepared in absence 
of water vapour (compare Just and Hanaman’s process, loc. cit.). 


Photometric Measurements. 


Some approximate measurements were made on the relative 
efficiencies of these metal-coated rods as sources of light at different 
temperatures. 

The nature of the light radiated from heated filaments and the 
emissive properties of tungsten and other refractory metals have 
been extensively investigated by W. W. Coblentz [Bull. of the 
Bureau of Standards (Washington), 5, No. 3, p. 339]. 

The apparatus used in the present measurements was of the 
same type as that described above. The rods were mounted in 
the well-cleaned glass globe in which they had been prepared. An 
air-tight connexion between the water-cooled holders and the side- 
tubes of the globe was made with soft wax, and the apparatus 
evacuated to a pressure of 4 mm. of mercury. 

A current, was then passed through the rod and adjusted so that 
a known number of watts was expended, and the light radiated 
was compared photometrically with that from a standardised 
carbon filament lamp. <A scale of “black body” temperatures 
corresponding with the number of watts consumed by the rod was 
derived optically from a carbon rod of the same size and heated 
under similar conditions. 

In each experiment with the coated rods, readings were taken at 
two different temperatures, namely, 1600° and 1775°. The chief 
sources of inaccuracy in this work were probably the variation in 
the end contact resistance of the carbon, and also the fact that 
small, thin rods had to be employed to avoid using a current 
greater than 100 amperes, hence any variation in the thickness of 
the deposits would alter sensibly the amount of radiating surface. 
The carbon rods were 5°5 cm. long and 4:0 mm. in diameter, and 
deposits 0°25 mm. thick were generally obtained, although in the 
case of silicon this amounted to 0°75 mm. 

During the heating, a small, steady evolution of gas took place. 
This effect has been observed before in experiments in which carbon 
rods alone were used, and is due either to occlusion of gas by the 
carbon, or else to the reaction of the carbon with water vapour 
condensed on the surface of the glass. By pumping at intervals, 
the pressure could be kept at 4 to 5 mm. 

The photometer used was of the Lummer-Brodheim type, and the 
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foilowing comparative results were obtained, the values beiag 


expressed in terms of the standardised lamp. 
Molyb- 
Carbon Tungsten denum Boron 
rod. ~* deposit. deposit. deposit. 
Luminous intensity with 332 watts, 


NEL NIIET | kde tiicniaseccaracsdianances 1°01 3°00 2°97 
Luminous intensity with 465 watts, 
| __ ii C RSR e e 3°40 6:06 6:27 116 


In the case of the rod coated with silicon carbide, the value 
obtained was as low as 0°91. This is perhaps largely accounted 
for by the greater diameter of the coated rod (5°5 mm.), although 
the result is in great disagreement with the supposed high efficiencies 
of silicon-coated filaments. 

With the boron and silicon deposits, the luminosity was not 
sufficiently high for measurement with the lower amount of power, 
so that results could only be obtained at the one temperature. 
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CLXXIIl.—The Formation and Reactions of Imino- 
compounds. Part X. The Formation of Imino- 
derwatwes of Pyrrole and of isoPyrrole from 
Amino-nitriles. 

By Stantey Rozsert Best and Jocetyn Fie.p THorPe. 


Ir has been shown in Part IX of this series (Trans., 1909, 95, 
685) that in an open chain of five carbon atoms having a 
nitrile group attached to the a- and 8-carbon atoms respectively, 
there is a considerable tendency to the formation of the cyclo- 
pentane ring. So great is this tendency, especially in the presence 
of sodium ethoxide or an alkaline sodium compound, that in one 
example investigated it was not found possible to isolate the open- 
chain compound, as all reactions which should have yielded it 
gave instead the corresponding derivative of cyclopentane. 

Thus, ethyl ad-dicyanovalerate (I) could not be isolated from 
the product of the action of sodium ethoxide on ethyl ad-dicyano- 
adipate (II), the sole product being ethyl 2-imino-3-cyanocyclo- 
pentane-l-carboxylate (III): 

H,*CH(CN)-CO,Et CH,°CH,-CN CH,—CH(CN) 
CH,CH(CN)-CO,Et CH,-CH(CN)-CO,Et CH,*CH(CO,Et) 

(I.) (II.) (III.) 


>O:NH 


ane = OD 
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In the same manner, it was found by Moore and Thorpe (Trans., 
1908, 98, 165) that o-phenylenediacetonitrile (IV) passed into 
B-imino-a-cyanohydrindene (V) when its solution in alcohol was 
treated with a trace of sodium ethoxide: 


H,-CN 
CoH. OnON — Bonen °: -H. 
(1V.) (V.) 
This transformation is probably, therefore, general to all dinitriles 
of this type. 


It is, of course, well known that the five-membered ring contain- 
ing one nitrogen atom and four carbon atoms is also easy of 
formation, as is shown by the formation of lactams from y-amino- 
acids, and it therefore seemed of interest to ascertain whether a 
cyclic compound of this type could be formed through the imino- 
compound in the same manner as the cyclopentane ring. 

There are numerous examples of this kind which could be used 
for the purpose of ascertaining this fact. For example, y-amino- 
butyronitrile (VI) might, on treatment with sodium ethoxide, pass 
into iminopyrrolidone (VII), and o-aminophenylacetonitrile (VIII) 
into imino-oxindole (IX). 

CH,CH,’NH, Ol,-~-C 


CH, ON = OH, *O(: a _ 
(VI.) (VII.) 
C HoH! ON —> C,H ie HO NH. 


(VIII. ) me 4 


It is proposed to investigate the conditions of ring formation 
from these two typical compounds in the near future, but while 
experiments on their formation were being instituted it was 
decided to investigate a similar case which was ready to hand, 
namely, by preparing an amino-compound of this type in the 
following way. 

Ethyl 8-imino-a-cyanoglutarate (X) has been prepared by Baron, 
Remfry, and Thorpe (Trans., 1904, 85, 1737), and has been shown 
to react with sodium ethoxide, yielding a sodium compound repre- 
sented by (XI): 


ae CH,*C0,Et -CHNa‘00,Et 
NH:C<oH{oN}-CO, Et NH:0< GH (ON)-CO,Et 
(X.) (XI.) 


The large number of imino-compounds which we have prepared 
since the description of this substance was published has enabled 
us to gain further knowledge of its structure, and to explain the 
reason why the presumably more acidic hydrogen atom attached to 
the cyanoacetic residue contained in it is not replaced by the 
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sodium atom instead of one of the hydrogen atoms of the methylene 
group as represented above. This explanation properly belongs to 
a subsequent paper which we propose publishing on the 
tautomerism of amino-imino-compounds, but, in order to render 
the present argument clear, it is necessary here to allude to certain 
conclusions, which may be summarised as follows. 

From our experiments described in the previous parts of this 
series, it appears that imino-compounds may be divided into three 
classes. 

Class I—Comprising those compounds which have three (and 
presumably also four) negative groups attached to the carbon 
atoms adjacent to the carbimino-group, and having therefore the 
general formule: 

CHX,°C(:NH)-CHX, and CH,X°C(-NH)-CHX,. 

Class I1J.—Comprising those compounds having two negative 
groups attached to the two neighbouring carbon atoms, and which 
therefore can have either one of the two formule: 

(a) CH,X-C(:NH)-CH,X or (b) CH,°C(°NH)-CHX;j. 

Class I1I.—Comprising those compounds having one negative 
group attached to one of the carbon atoms adjacent to the 
carbimino-group, and which therefore have the general formula: 

CH,°C(°NH)-CH,X. 

Now, compounds containing the imino-group react, as Collie 
(Trans., 1897, 71, 303) has shown in the case of ethyl B-imino- 
butyrate, NH:CMe-CH,°CO,Et, with dry hydrogen chloride in dry 
ethereal solution forming salts of the formula ‘C°-NH,HCl, which, 
when treated with water, yield the ketone and ammonium chloride, 
thus: 

-C:NH,HCl + H,O -> -CO + NH,Cl. 

These compounds are therefore at once hydrolysed by dilute 
hydrochloric acid to the corresponding ketones. The members of 
Class III, to which, of course, ethyl B-iminobutyrate belongs, all 
behave in this way. 

The imino-compounds of Class I, however, form isomeric salts 
with dry hydrogen chloride, which, when treated with water, 
dissociate, regenerating the imino-compound. These salts there- 
fore have the formula ?C-NH,,HCl, and react with water, thus: 

iC-NH,,HCl + H,O —> iC:NH, + HCl + H,0. 

The imino-compounds of this class are therefore not hydrolysed 
by hydrochloric acid, and it is evident that they are amino- 
compounds which may have one or other of the following formule: 

CH,X°C(NH,):CX, or CHX:C(NH,)*CHX,. 
It is, moreover, evident that the first of these formule is the 


\“ tod oo 


—=— * & 
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correct one, because, taking the case of ethyl §-imino-a-cyano- 
glutarate, in which the two forms would be represented by formule 
(XII) and (XIII): 


an CH,*00,Et 4 0H‘00,Et 
NH,"C<¢(ohy)-GO, Et NH,"C<GH(CN)-CO,Et 
* 
(XII.) (XIII). 


it is evident that formula (XII) represents its structure, because 
in a compound of formula (XIII) the hydrogen atom of the cyano- 
acetic residue marked (*) would most certainly be replaced by 
sodium on treating the compound with sodium ethoxide. 

Our conclusions are then, briefly, that imino-compounds of 
Class III are true imino-compounds which show no chemical 
evidence of reacting in the amino-form, whereas compounds belong- 
ing to Class I are true amino-compounds which exhibit no chemical 
evidence of reacting in the imino-form. 

As regards the members of Class II, the position is interesting, 
because they seem to react as true tautomeric amino-imino- 
compounds. Thus they give mixed salts of the amino- and imino- 
forms with dry hydrogen chloride, and their hydrolysis to the 
ketone by hydrochloric acid is effected after the lapse of a definite 
period of time. It is evident that this hydrolysis proceeds only 
through the imino-form of the tautomeric compound, but in the 
cases investigated it was always complete. The measurement 
therefore of the rate of hydrolysis in certain typical cases should 
yield valuable evidence respecting the structural conditions con- 
trolling the amino-imino-tautomerism. Preliminary experiments 
have shown, for example, that compounds of sub-division (a) are 
hydrolysed much more rapidly than those of sub-division (0). 

The whole question is under investigation, and will form the 
subject of another communication. It is, of course, probable that 
amino-imino-tautomerism is in reality exhibited by all these classes 
and is only a matter of degree, but so far as the chemical reactions 
of these substances are concerned we have as yet obtained no 
evidence in support of this view. We are, of course, aware that 
E. v. Meyer (J. pr. Chem., 1895, [ii], 52, 83) has suggested that 
the two crystalline forms of B-imino-a-cyanopropane are represented 
by the formule: 


NH:CMe:CH,"CN and NH,-CMe:CH-CN, 


but there seems to be little evidence in support of this suggestion, 
because it is apparent that no reliance can be placed on the 
evidence afforded by the formation of the large number of 
derivatives of aminopyridine from this substance recently described 
by E. v. Meyer (Chem. Zentr., 1908, ii, 591). It is well to 
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remember that when a compound undergoes intramolecular con- 
densation involving, in the first instance, the production of an 
open-chain condensation product, no trustworthy evidence can be 
adduced respecting the structure of the simpler molecule. More- 
over, the two forms of f-imino-a-cyanopropane react towards dry 
hydrogen chloride in precisely the same manner, and it is therefore 
probable that they are physical isomerides analogous to the two 
forms of ethyl B-iminobutyrate, NH:CMe-CH,°CO,Et, which have 
been isolated and investigated by Behrend (Ber., 1899, 32, 544) 
and by Knoevenagel (ibid., 853). 

The sodium compound of ethyl f-imino-a-cyanoglutarate * has 
therefore the formula CO,Et‘CHNa*C(NH,):C(CN)-CO,Et, and 
when treated with iodoacetonitrile should react in accordance with 
the equation: 

CN-CH,I + CO,Et*CHNa-C(NH,):C(CN):CO,Et — > 
CO,Et*CH(CH,°CN)-C(NH,):C(CN)-CO,Et + Nal, 
although it might be expected that the condensation product, since 
it had been formed in the presence of an alkaline sodium com- 
pound, would possess a ring structure due to the formation of an 
imino-group between the amino- and nitrile-groups, thus: 
NH,°C:C(CN):CO, Et -~_-NH-C:C(CN)-CO, Et 
CN-CH,:CH-CO,Et —> NE‘C< cay -CH-CO,Et 
(XIV.) 
in which case the product would be ethyl 2-imino-4-carbethoxy- 
tetrahydropyrrolidene-5-cyanoacetate (XIV). 

At the same time there is also a possibility that ring formation 
might take place between a nitrile group and a hydrogen atom 
of the methylene group, with the formation of a derivative of 
cyclopentane, thus: 

CH(CO,Et)-CH,"CN — CH(CO,Et)-CH(CN) 

C(NH,):C(CN)-CO, Et C(NH,)—=C(CO, Et) 

CH(CO, Et)-CH(CN) 
OC: NH):CH(CO, EO" —_ 

The condensation between iodoacetonitrile and the sodium com- 
pound of ethyl f-imino-a-cyanoglutarate proceeds smoothly, and 
a good yield of a crystalline condensation product decomposing at 
205° is readily obtained. The compound possesses the expected 
molecular formula C,.H,;0,N;, and its physical properties show 
that it does not possess an open-chain structure. It reacts as an 
imino-compound of Class II, and is hydrolysed by hydrochloric 
acid to a ketone, melting at 109°, and having the molecular 


>C:NH or 


* For the sake of clearness, it is proposed to retain the name of the imino-form 
for all these compounds irrespective of their amino- or imino-structure, 
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formula C,.H,,0;N,. It is evident, therefore, that the ketone has 
been formed from the condensation product by the hydrolysis of 
the group C:NH to CO. 

Now, if the condensation product is a derivative of cyclopentane, 
as mentioned above, this ketone must have one or other of the 
formule (XV) and (XVI): 

00 CH(CO,Et)-CH(CN) 
(:NH)—CH(CO,Et) CO———-CH(CO,Et) 
(XV.) a (XVI.) 
m } 
ane” : 
(XVII.) 

It should therefore give a violet coloration with ferric chloride, in 
the same way as does ethyl 5-cyanocycl/opentane-1-one-2-carboxylate 
(XVII) (Trans., 1909, 95, 701). 

The compound melting at 109° gives, however, no coloration with 
ferric chloride, and, moreover, the presence of another amino- or 
imino-group cannot be detected in it by the aid of the usual 
reagents. It is evident therefore that it cannot possess the cyclo- 
pentane structure, and it remained to ascertain whether the 
reactions of the condensation product conformed to those of ethyl 
2-imino-4-carbethoxytetrahydropyrrolidene-5-cyanoacetate (XIV). 
This, as a matter of fact, they do, and there can be no question 
that the constitution of the condensation product decomposing at 
205° is represented by this formula. 

The reactions of this substance show at once that it is a 
tautomeric amino-imino-compound reacting in the two forms: 

, H-C:0(CN)-CO,Et N—-C:C(CN):CO,Et 
NEC H-CO,Et ay C<on,-¢ ‘CH:CO,Et z 

This is evident from the fact that it reacts with cold concen- 
trated hydrochloric acid, forming a monohydrochloride (XVIII), 
which is, for the most part, dissociated by water, regenerating the 
imino-compound, although a small quantity of the ketone is formed 
at the same time, indicating that the imino-hydrochloride (XIX) 
is also formed : 

_— -C(CN):CO,Et NH-€:C(CN)-CO, Et 
—_ns O<atecids — C<on,-¢ *CH-CO,Et 
(XVIII.) (XIX. ) 

NK-C-.C(ON )*CO, Et 
— ‘Con, .¢ *CH:CO, Et 
(XX.) 

With boiling hydrochloric acid it is quickly hydrolysed to the 
ketone, the transformation being complete. It is insoluble in 
aqueous sodium carbonate solution, but dissolves in alkali 


>c:NH 


t 
{ 
' 
f 
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hydroxides, forming salts of the formula (XX). Nitrous acid 
converts it into the same ketone as is formed with hydrochloric 
acid : 


NHC FON) COLE ae nx, 


CH, ‘CH: CO, Et ae N==0-CH(CN)-CO,Et 


< 
:C(CN):CO,Et 0 sot SS CH,°CH:CO,Et 
meee aos H-CO,Et 


(XXI.) 


It will be noticed that the ketone is represented, not as a 
derivative of pyrrole, but of isopyrrole, namely, as ethyl 2-keto-4- 
carbethoxydihydroisopyrrolyl-5-cyanoacetate (XXI). It is certain, 
however, that the pyrrole derivative is first formed, but at the 
temperature of the reaction is converted into the derivative of 
isopyrrole. This is evident from the fact that when ethyl 2-keto 4- 
carbethoxydihydroisopyrrolyl-5-cyanoacetate (XXI), which is not 
immediately soluble in sodium carbonate solution, is dissolved by 
gently warming, the compound which separates on acidifying the 
alkaline solution melts at 129°, and differs from the compound 
melting at 109° in being soluble in sodium carbonate solution with 
effervescence. The two compounds are isomeric, and the former 
is converted into the latter on merely boiling with water or on 
heating at 100°. There is no doubt that the constitution of these 
substances is represented by the formule: 


NH-C:C(CN)-CO,Et Hot water N = C-CH(CN)-CO,Et 
> 2 
CO< on, -CH-CO,Et a 9 <on,-CH-c0, Bt 
M. p. 199°, sol. in ‘Na,C0,. M. p. 109°, insol. in Na,CO,. 


The constitution of the compound melting at 129° follows from 
the fact that when the silver salt (XXII) is treated with methyl 
iodide a methyl derivative (XXIII) is obtained, which, when 
hydrolysed by aqueous potassium hydroxide, yields methylamine 
and a compound melting at 104°, which gives a deep red coloration 
with ferric chloride and is evidently ethyl hydrogen a-cyano-6-keto- 
adipate (XXIV): 


NAg:C:C(CN)-CO, Et NMe:C:C(CN)-CO, Et 
C 2 2 
°<cH,-CH-CO, Et CO<cxH,- H-CO,Et 
(XXII.) (XXIIL.) 
CO-CH(CN):CO,Et 


CO,H-CH,-CH, + NH,Me + ete. 


(XXI1V.) 
The last-named substance is the same as that which is produced 
by the alkaline hydrolysis of ethyl 2-keto-4-carbethoxydihydro- 
isopyrrolyl-5-cyanoacetate (X XI): 


| 


Pr WY wt 
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e 
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coc’ =¢ CH(CN):CO,Et xon. Go: CH(CN):-CO, Et 
CH,°CH:CO,Et ——P CO,H-CH, -CH, 
+ NH, + ete. 
(XXI.) 


Finally, the ultimate products of the complete alkaline hydrolysis 
of all the compounds mentioned above are succinic and malonic 
acids :' 

CO Cor ee GO-CH(CN)-CO, Et _ 
CH,°CH:CO, Et CO,H:CH,: CH, 
H,°CO,H 
H,-CO,H* CH,(CO,H), . 

With acid hydrolysing agents, ethyl 2-keto-4-carbethoxytetra- 
hydropyrrolidene-5-cyanoacetate or its isomeride behaves in quite 
a different manner. It has been shown in Part I of this series 
(Trans., 1904, 85, 1740) that when ethyl 8-imino-a-cyanoglutarate 
is treated with concentrated sulphuric acid, ethyl glutazine- 
carboxylate is formed. The same reaction occurs with the mono- 
methyl derivative (XXV), in which case ethyl methylglutazine- 
carboxylate (XXVI) is formed, thus: 


4 0(CO,Et) ON 0(CO,Et)-C(OH) 
NHyC<cume-co,et —> Nr C<oye DN. 
(XXV.) (XXVI) 


Ethyl 2-keto-4-carbethoxytetrahydropyrrolidene-5-cyanoacetate 
(XXVII), being a monosubstituted derivative of ethyl §-imino- 
a-cyanoglutarate, might therefore be expected to react in the same 
manner, yielding the lactam of carbethoxyglutazylacetic acid 
(XXVIII): 

NH-O-C(CO,Et)-CN NH-C:C(CO, Et) 

CO<oH,.¢ *CH:CO,Et CO<cH,-¢ *C:C(OH):-N 

(XXVII. ) (XXVIII.) 


This as a matter of fact it does, the reaction taking place not 
only with concentrated sulphuric acid, but also on boiling for a 
short time with dilute sulphuric or hydrochloric acids. 

The lactam of carbethoxyglutazylacetic acid (XXVIII), 
although insoluble in a cold solution of sodium carbonate, readily 
dissolves on warming, yielding a solution of the sodium salt of 
the amino-acid (XXIX), which, when mixed with sodium nitrite 
solution and poured into hot acetic acid, evolves nitrogen and 


>Cc-0H 


00, Et CO, Et 
NH,’ Now —_" ron Nox 
CO,Na‘CH AN cH ZN 
OH OH 
(XXIX.) (XXX.) 
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passes into the lactone of trihydroxycarbethoxypyridylacetic acid 
(XXX). 

From this substance, trihydroxypyridylacetic acid (XXXI) can 
be readily prepared by hydrolysis with sodium hydroxide. 
Glutazylacetic acid (XXXII) can be prepared by the alkaline 
hydrolysis of the lactam of carbethoxyglutazylacetic acid 
(XXVIII): 


NH, 


cong 00,H1-CH, ( 
(jou OH’ 


aunes (XXXII.) 

Both glutazylacetic acid and trihydroxypyridylacetic acid are 
stable substances which do not readily pass into their anhydrides, 
the behaviour of these compounds being in accordance with the 
view previously expressed (Trans., 1904, 85, 1734), namely, that 
those derivatives of glutazine or of trihydroxypyridine which have 
both B-positions substituted react as amino- or hydroxy-compounds, 
whereas those which have only one f-position substituted react 
as tautomeric amino-imino- or keto-enolic compounds. 

In this way, therefore, the constitution of the condensation 
product of iodoacetonitrile and ethyl sodio-8-imino-a-cyanoglutarate 
has been definitely established. Further evidence is afforded, and, 
moreover, more light is thrown on the nature of the isomeric 
oxygen derivatives mentioned above by the study of a lower series 
of derivatives of this substance. 

This series starts with a compound, ethyl 2-iminotetrahydro- 
pyrrolidene-5-cyanoacetate (XX XIII), which can be readily pre- 
pared by the elimination of the carbethoxy-group from ethyl 
2-imino-4-carbethoxytetrahydropyrrolidene-5-cyanoacetate (XIV) by 
a method given in the experimental portion: 

NH-C-.C(ON)-CO,Et «~_-NH-C:C(CN):CO, Et 

NH-C< 6H, -CH-CO,Et NH-C<on,-CH, 

(XIV. ) (XXXIIL.) 
NH-C:CH-CN 
~ ‘C<on,.¢ -CH:C0,Et ° 
(XXXIV. ) 

It is a crystalline basic substance, which behaves both as an 
amino- and as an imino-compound. It is, however, also possible 
that in the formation of this substance the other carbethoxyl group 
of the parent compound might have been affected, in which case 
its formula would be represented by (XXXIV). That this is not 
the case is shown by the fact that the corresponding dibasic acid, 
which is always formed to a small extent in the reaction, and 
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can, moreover, be readily prepared from ethyl 2-keto-4-carbethoxy- 
tetrahydropyrrolidene-5-cyanoacetate by careful treatment with 
potassium hydroxide, and must therefore have either one or other 
of the formule (KXXV) or (XXXVI): 


NH,-(:0(CN)-CO,Et NH,-(:C(CN)-CO,H 
CO,H-CH,-CH-CO,H CO,H-CH,-CH-CO, Et 
(XXXV.) (XXXVI) 


passes, when heated a few degrees above its melting point, into the 
lactam of carbethoxyglutazylacetic acid (XX VII): 
NH,"0:0(CO,Et). ag NE- C=C(CO,Et) 
CH,-CH-CO,H on CH, -C:0(OH)+N 
(XXXV.) (XXVIL.) 


cO,HY >C-0H. 


This reaction is analogous to the transformation of ethyl 
hydrogen f-imino-a-cyanoglutarate into ethyl glutazinecarboxylate, 
which also takes place when the ethyl hydrogen salt is heated a 
few degrees above its melting point (Trans., 1904, 85, 1729). It 
is obvious that an acid of formula (XXXVI), in which the carboxyl 
and nitrile groups are attached to the same carbon atom, could 
not undergo this transformation. 

The behaviour of ethyl 2-iminotetrahydropyrrolidene-5-cyano- 
acetate (XXXIII) is in every way analogous to that of the 
corresponding carbethoxy-derivative, and there can be no question 
that it is a tautomeric amino-imino-compound reacting in the two 
forms: 

NH-€-C(CN)*CO, Et —€:C(CN)-C0, Et 
_ CC, ‘CH, a al - CH, i 


There is, however, a greater difference in the stability of the 
isopyrrole form of the oxygen derivative, which incidentally fur- 
nishes a proof that the structure of the imino-form as represented 
above is the correct one. Thus, when ethyl 2-iminotetrahydro- 
pyrrolidene-5-cyanoacetate (XXXII) is heated in acetic acid with 
nitrous acid, there is formed an oxygen derivative melting at 145°, 
which is insoluble in cold aqueous sodium carbonate. This is 
therefore the isopyrrole form, ethyl 2-ketodihydroisopyrrolyl- 
5-cyanoacetate (XX XVII): 


N—C:0(CN)-CO,Et N= C-CH(CN):CO,Et 


CH,: OH, CO< oad ‘CH, 
(XXXVIL. ) 


This substance, when dissolved in alcohol and treated with 
alcoholic potash, yields an insoluble potassium salt (XX XVIII), 
which, when its solution in water is acidified, gives the isomeric 
pyrrole derivative, ethyl 2-ketotetrahydropyrrolidene-5-cyanoacetate 
5G 2 


NH, -C< 
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(XXXIX), which melts at 181° and dissolves in aqueous sodium 
carbonate with effervescence : 
NK-C:C(CN)-CO, Et CO ngs C:C(CN):-CO,Et 
2 CH, ‘OH, 
(XXXVIIL.) “(XXXIX.) 

Now, when ethyl 2-iminotetrahydropyrrolidene-5-cyanoacetate 
(XXXIII) is hydrolysed to the oxygen derivative by hot dilute 
hydrochloric acid, that is, through the imino-form, the pyrrole 
form of the ketone, melting at 181°, is obtained: 


NH-C: C(CN)*CO,Et aoe | C:C(CN)-CO, Et 
CH, -CH, CH, -CH, 
(XXXII ) (XXXIX.) 

This, therefore, is fairly definite evidence that the structure of 
the imino-form is that given above. The isolation of the pyrrole 
form in this reaction is rendered possible because this form is much 
more stable than is the case in the corresponding carbethoxy- 
derivative, as is shown by the fact that it is necessary to boil the 
tsopyrrole modification for some time with water before it is com- 
pletely transformed into the derivative of tsopyrrole. The changes, 
as in the former case, are represented thus: 

N==C-CH(CN)-CO,Et “hovel Es NH-€:C(CN)-CO, Et 
co ae? OO 
<cuH,: - CH, Hot wate <cu,- ‘CH, 


M. p. 145°, insol. in Na,COs. M. p. 181°, sol. in Na,CO,. 
The isopyrrole modification, when methylated through the silver 
salt (XL), yields a methyl derivative (XLI), which, when boiled 
with aqueous potassium hydroxide, is transformed into methyl- 
amine and ethyl hydrogen a-cyano-8-ketoadipate (XXIV): 
NAg:C:C(CN):CO,Et NMe:C:C(CN)-CO, Et 
3 l 
(0< oH OH, 00<on OH, 
(XLI.) 


+ NH,Me. 


NH:c< 


(XXIV.) 

The last-named compound is identical with the acid of this 
formula, prepared in the manner mentioned on page 1513, only 
in the present instance it is possible to follow the decomposition 
more closely, for the following reasons: 

It has already been mentioned that imino-compounds having 
three negative groups attached to the carbon atoms adjacent to 
the carbimino-group seem to react only as amino-compounds, 
whereas those which have only two negative groups attached to 
these carbon atoms react as tautomeric amino-imino-compounds. 
Now the open-chain compound which would be formed on breaking 
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the pyrrole ring of ethyl 2-keto-4-carbethoxytetrahydropyrrolidene- 
5-cyanoacetate would be a compound of the first type: 
NH: 0:C(CN)-CO,Et NH,-C:C(CN)-CO,Et 

COS or, -GH,-co,ke > O%F\oH becom | 
and should, like y-amino-acids, show little tendency to exist in the 
open-chain form. The product of ring fission from ethyl 2-keto- 
tetrahydropyrrolidene-5-cyanoacetate would, on the other hand, 
be an imino-compound of the second type, and when once the ring 
is broken the open-chain compound should be quite stable owing 
to the production of the imino-form, or, rather, of that form 
exhibiting amino-imino-tautomerism. This is, as a matter of fact, 
the case, for whereas ethyl 2-keto-4-carbethoxytetrahydro- 
pyrrolidene-5-cyanoacetate is quite stable towards sodium carbonate 
unless boiled for a long period of time, the ring of ethyl 2-keto- 
tetrahydropyrrolidene-5-cyanoacetate (XX XIX) is at once broken 
on merely warming with aqueous sodium carbonate, yielding ethyl 
hydrogen f-imino-a-cyanoadipate (XLII), and from this compound 
ethyl hydrogen a-cyano-f-ketoadipate (XXIV) can be prepared by 
gently warming it with aqueous potassium hydroxide: 


NH-C:C(CN)-CO,Et NH:0-CH(CN)-CO, Et 
00<on..OH, CO, oH, -CH, 
(XXXIX.) (XLIL.) 
CO-CH(CN):CO,Et 
COsF\ on, CH, 
(XXIV.) 


The degradation of the methyl derivative, ethyl 2-keto-1-methyl- 
tetrahydropyrrolidene-5-cyanoacetate (XLI), can also be followed 
in the same way. Thus, when warmed with aqueous sodium car- 
bonate, it is converted into ethyl hydrogen a-cyano-8-methylimino- 
adipate (XLIII), from which ethyl hydrogen a-cyano-8-ketoadipate 
(XXIV) and methylamine are produced by the action of potassium 
hydroxide: , 
NMe-0-CH(CN)-CO,Et 


NMe-C:C(CN)-CO,Et 
CO< oH, —CH, oO 2H\ on ~CH, 
(XLI. " (XLIIL ) 
GO-CH(CN):CO,Et 
COLA oy -GH, 
(XXIV. ) 


A considerable temperature is necessary in order again to close 
the pyrrole ring in these compounds, but both the above imino- 
and methylimino-derivatives are reconverted into the corresponding 
derivatives of pyrrole on distillation under ordinary pressure. The 
same behaviour is exhibited by ethyl hydrogen a-cyano-f- keto- 
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adipate (XXIV), in which there is, of course, keto-enolic 
tautomerism, for, although it exists as the keto-enolic acid under 
ordinary conditions, yet it readily passes on distillation into the 
corresponding lactone (XLIV), from which the ketonic acid is 
regenerated by the action of alkalis: 


HO-C:C(CN):CO, Et O—C:C(CN):CO Et 
I 2 i 2 
COLAN OH, -CH, COS ox, -CH, 
(XXIV): Enolic form. (XLIV.) 


From these experiments it is reasonable to conclude that only 
those open-chain compounds which have an amino-group in the 
y-position with respect to a nitrile group will yield imino- 
derivatives of pyrrole on treatment with sodium ethoxide, and that 
those substances which are tautomeric amino-imino-compounds will 
not yield cyclic imino-derivatives under these conditions. 


EXPERIMENTAL. 


Ethyl B-Imino-a-cyanoglutarate, 
CO,Et-CH,*C(°NH)-CH(CN)-CO,Et. 


The preparation of this substance is described in a former paper 
(Part I of this series, Trans., 1904, 85, 1736), but, as since that 
time it has been found more convenient to employ a slightly 
modified method for the preparation of it in quantity, and as, 
moreover, the analysis given in the reference cited above referred 
to another compound which had been prepared in a concurrent 
research and had been included by an oversight, it is desirable 
to give the improved method of preparation and the correct 
analysis in the present instance. One hundred and thirteen 
grams of ethyl cyanoacetate are mixed with a solution of 
11°5 grams of sodium dissolved in 122 grams of alcohol, 
and the mixture heated on the water-bath until a 
clear solution is obtained, that is to say, for about two 
hours. Water is then added, and the solution, after being rendered 
faintly acid by means of acetic acid, is distilled in a current of 
steam until the distillate ceases to give an acid reaction. The 
crude imino-ester, which solidifies in the flask on cooling, is then 
collected and is sufficiently pure for further use, although for the 
purpose of obtaining a dry specimen the product is best extracted 
by means of ether and the ethereal extract dried and evaporated. 
The following analyses are those which should have been given 
in the former paper, in which the formula C,)H,,0,N,. should read 
Cy, H,0,N3: 


; 
t 
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0°1923 gave 0°3739 CO, and 0°1090 H,O. C=53°01; H=6°3. 
0°2041 ,, 215 cc. N, at 15° and 770 mm. N=12°5. 
Ci9H,4O,Ne requires C=53'1; H=6'2; N=12°4 per cent, 


Ethyl 2-Imino-4-carbethoxytetrahydropyrrolidene-5-cyanoacetate, 
‘ H-C0:C(CN)-CO,Et 
NH-C<on -GH-CO,Eb 

This substance is prepared by the condensation of iodoacetonitrile 
with the sodium compound of ethyl §-imino-a-cyanoglutarate. 
Iodoacetonitrile has been prepared by Henry (Bull. Soc. chim., 
1887, [ii], 47, 400) and by Scholl (Ber., 1896, 29, 2416) by the 
action of potassium iodide on chloroacetonitrile, whilst an improved 
method for its preparation has been recently given by v. Braun 
(Ber., 1908, 41, 2134). For our purpose, it was found more con- 
venient to use Scholl’s method, mainly because ethyl chloroacetate 
was ready to hand. We are, however, quite in agreement with 
v. Braun’s observation that to employ the entire method of Scholl, 
which involves the purification of the product by distillation in a 
current of steam, is fatal to the production of anything like a good 
yield, as the iodonitrile is for the most part hydrolysed to the 
amide by this process. In the preparation of this substance by 
Scholl’s process, we therefore avoided the use of water as far as 
possible, the alcoholic solution obtained after treating chloro- 
acetonitrile with potassium iodide being evaporated as far as 
possible to free it from alcohol and then extracted by ether. It 
is necessary to wash the ethereal extract with water in order to 
free it from the last traces of alcohol, but this process does not 
affect the yield of the nitrile. 

The condensation of iodoacetonitrile and the sodium compound 
of ethyl f-imino-a-cyanoglutarate is best effected in the following 
way. 2°4 Grams of sodium are dissolved in 50 grams of alcohol 
and added to a solution of 23 grams of ethyl §-imino-a-cyano- 
glutarate dissolved in its own volume of alcohol. The alcoholic 
solution containing the sodium compound of the imino-nitrile is 
then cautiously mixed with 17 grams of iodoacetonitrile, when a 
vigorous reaction ensues, and it is necessary to keep the reacting 
mixture cool by means of running water. Soon after the first 
addition of iodoacetonitrile, the condensation product begins to 
separate as a yellow, crystalline precipitate, and when all has 
been added, and the heat of the reaction has subsided, the separation 
is almost complete. It is best, however, to keep the product for 
half an hour, when water is added, and the imino-ester collected. 
It is best purified by rubbing with cold absolute alcohol, in which 
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it is practically insoluble, and is then sufficiently pure for further 
use. A specimen was prepared for analysis by recrystallisation 
from a large quantity of alcohol, from which solvent it separates 
in small, pale yellow needles, melting and decomposing at 205°: 

0°1850 gave 0°3686 CO, and 0°0967 H,O. C=54'34; H=5'8l. 

0°2008 ,, 264c.c. N, at 11° and 750 mm. N=15°5. 

C,.H,;0,N, requires C=54°3; H=5°7; N=15'8 per cent. 

Ethyl 2-imino-4-carbethozytetrahydropyrrolidene-5-cyanoacetate 
is sparingly soluble in all the usual organic solvents. It is insoluble 
in alkali carbonate solutions even on boiling, but is slowly soluble in 
aqueous alkali hydroxides. The alkaline solution thus formed 
precipitates the original compound, melting at 205° on being 
rendered acid with acetic acid, and when shaken in the air passes 
into a deep blue compound, the nature of which has not as yet 
been determined. The imino-nitrile dissolves at once in concen- 
trated hydrochloric acid, evidently without undergoing any con- 
siderable change, as the original base is, for the most part, 
reprecipitated on adding water; a small quantity of the oxygen 
derivative (see below) is, however, also formed at the same time 
owing to the hydrolysis of the imino-form of the base, the quantity 
being increased if the action of the acid is prolonged. The con- 
centrated hydrochioric acid solution yields a crystalline precipitate 


on standing, which is evidently the hydrochloride of the amino- 
form, since, on treatment with water, it is reconverted into the 
base, decomposing at 205°. It was not found possible, however, 
to contain a satisfactory analysis of this salt, owing to the fact 
that it rapidly lost hydrogen chloride on drying, even in a 
desiccator at the ordinary temperature. 


Ethyl 2-Keto-4-carbethoxydihydroisopyrrolyl-5-cyanoacetate, 
N= C-CH(CN)-CO,Et 
CO<oH,-CH-CO, Et ; 


This is the <sopyrrole form of the ketone derived from the above 
imino-nitrile, and can be prepared from it either by the action 
of nitrous acid or by hydrolysis with dilute hydrochloric acid. As 
the former method always yields a dark coloured product which 
is difficult to purify, the action of hydrochloric acid is most to be 
recommended for its preparation. The method found most suitable 
was the following. Five grams of the imino-nitrile were dissolved 
in sufficient concentrated hydrochloric acid, and the clear solution 
poured into five times its volume of boiling water. A clear 
solution was obtained, which, after the lapse of a few minutes, 
because cloudy, owing to the separation of the ketone in the form 
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of an oil. The hydrolysis was found to be complete after five 
minutes, when the solution was cooled and the oil allowed to 
crystallise. The compound separated from dilute alcohol in long, 
colourless needles, melting at 109°: 


0°1766 gave 0°3524 CO, and 0°0793 H,O. C=54:42; H=4°99. 
0°2026 ,, 186 cc. N, at 17° and 760 mm. N=10°6. 
C,,.H,,0;N, requires C=54'1; H=5°3; N=10°5 per cent. 

The production of the ketone by this process is almost quantita- 
tive, and no trace of other products could be detected. LZthyl 
2-keto-4-carbethoxydihydropyrrolyl-5-cyanoacetate is insoluble in 
ice-cold aqueous sodium carbonate, but dissolves on warming, 
forming the sodium salt of the pyrrole modification (see below). 
The alkaline solution can be boiled for a considerable time without 
effecting any change, ultimately, however, hydrolysis ensues, and 
open-chain degradation products are formed. It is instantly soluble 
in aqueous alkali hydroxides, forming a solution which slowly 
oxidises to a blue compound on shaking with air, and is 
characterised by giving a substance closely resembling indigo in 
appearance when it is boiled for a short time with methyl sulphate. 
This compound, as well as that which is formed from it on 
oxidation, are under investigation. The keto-ester does not lend 
itself to the formation of derivatives, and is unacted on by semi- 
carbazide and by aniline. It may also be prepared from the 
imino-compound by the action of nitrous acid, but the product 
formed in this manner is always dark coloured and difficult to 
purify; the formation in this way shows, however, that the imino- 
compound reacts in the amino-form, since the reaction is carried 
out in acetic acid solution, which does not hydrolyse the imino- 
form. The formation of derivatives of glutazine from the keto- 
ester by the action of dilute sulphuric acid is described on page 
1526. 


Ethyl 2-Keto-4-carbethoxytetrahydro pyrrolidene-5-cyanoacetate, 
NH-€:C(CN )-CO, Et 
CO<GH,-CH-CO,Et . 


The above pyrrole form of the ketone can be prepared by gently 
warming 3 grams of the itsopyrrole form with aqueous sodium 
carbonate solution until all has passed into solution, and then, 
after cooling the solution with ice, cautiously acidifying it with 
hydrochloric acid. A small quantity of the isopyrrole form first 
separates as an oil, which can be removed by filtration, and the 
filtrate then gives a white, crystalline precipitate on scratching 
the sides of the containing vessel. The compound prepared in this 
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way melts at 129°, and dissolves in aqueous sodium carbonate 
solution with effervescence. It cannot be recrystallised, since at a 
comparatively low temperature the isopyrrole modification is 
regenerated. Its purity was tested by again dissolving the product, 
melting at 129°, in sodium carbonate solution, and reprecipitating 
with hydrochloric acid in the manner described above, when the 
melting point of the acid was found to be unaltered: 


0°1818 gave 0°3592 CO, and 0°0832 H,O. C=53°88; H=5°08. 
C,.H,,0;N, requires C=54'1; H=5°3 per cent. 


The pyrrole form appears to be more soluble in water than the 
isopyrrole form, but is much less soluble in alcohol. The acid 
gave the following figures on titration: 0°2962 requires 11°4 c.c. 
of V/10-sodium hydroxide: a monobasic acid, C,,H,,0;N>, requires 
11°5 c.c. 

The silver salt, C,,H,,0;N,Ag, is a gelatinous substance, which 
can, however, be dried at 80° without undergoing change: 


0°2276 gave 0°0659 Ag. Ag=28°95. 
C,,.H,,0;N,Ag requires Ag=28°95 per cent. 


Conversion of Ethyl 2-Keto-4-carbethoxrypyrrolidene-5-cyano- 
acetate into Ethyl 2-Keto-4-carbethorydthydroisopyrrolyl-5-cyano- 
acetate.—This conversion is completely effected when the first- 
named compound is melted. It can, however, be conveniently 
brought about by dissolving the pyrrole form in hot alcohol, when 
the isopyrrole modification separates from the solution on cooling. 
For the purpose of converting larger quantities, the following 
method yields good results. Ten grams of the pyrrole form are 
mixed with 100 c.c. of boiling water, and the clear solution allowed 
to cool. An oil separates, which quickly sets to a viscid syrup, and 
can be removed by the aid of a glass rod, leaving a solution 
which can be filtered if necessary, and deposits a small quantity 
of unchanged pyrrole form on standing. The viscid syrup collected 
on the glass rod rapidly solidifies on rubbing with water, and 
when recrystallised from dilute alcohol yields the characteristic 
needles of the isopyrrole modification, melting at 109°. It is 
possible, by boiling the aqueous solution of the pyrrole form for 
a longer period of time, to convert it completely into the isopyrrole 
modification. 


. woe ™"s 
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The Products of Alkaline Hydrolysis of Ethyl 2-Keto-4-carbethozy- 
dihydroisopyrrolyl-5-cyanoacetate. 


(1) Ethyl Dihydrogen B-Imino-a-cyanobutane-ays-tricarbozylate, 
CO,H:CH,*CH(CO,H)-C(:NH)-CH(CN)-CO,Et. 


This compound occurs as an intermediate product in the 
hydrolysis of the tsopyrrole derivative by means of aqueous sodium 
carbonate, which leads ultimately to the formation of ethyl 
hydrogen a-cyano-B-ketoadipate (see below), and can be isolated 
by extracting the mother liquors from this substance by means 
of ether. It may be, however, prepared in larger quantity by the 
hydrolysis of the imino-compound by the following process. Ten 
grams of ethyl 2-imino-4-carbethoxytetrahydroxypyrrolidene- 
5-cyanoacetate are mixed with 50 c.c. of boiling water and 10 c.c. 
of 50 per cent. aqueous potassium hydroxide added. The clear 
solution is then shaken until a test portion no longer gives a precipi- 
tate with hydrochloric acid, which occurs after about five minutes, 
when the solution is acidified and extracted thoroughly with ether. 
When purified by recrystallisation from dilute hydrochloric acid 
(1: 1), the ethyl hydrogen salt is obtained in small, colourless 
prisms, melting at 160°, evolving carbon dioxide, and almost 
immediately resolidifying to a yellow solid (the lactam of 
carbethoxyglutazylacetic acid: see page 1526): 

0°1830 gave 0°3134 CO, and 0°0793 H,O. C=46'70; H=4°81. 

C,9H,,0,N, requires C=46°9; H=4°7 per cent. 

The acid is fairly readily soluble in cold water, and when warmed 
with aqueous potassium hydroxide evolves ammonia and passes into 
ethyl hydrogen a-cyano-8-ketoadipate (see below). The silver salt, 
C,)H,,O,N,Ags, is precipitated as a white, crystalline solid on 
adding the calculated quantity of a solution of silver nitrate to a 
neutral solution of the ammonium salt of the acid: 

0°2109 gave 0°0968 Ag. Ag=45°89. 

CiypH,»O,N,Ag, requires Ag=45'95 per cent. 


(2) Ethyl Hydrogen a-Cyano-B-ketoadipate, 
CO,H-CH,*CH,*CO-CH(CN)-CO,Et. 


This ketone is the final product of the action of boiling sodium 
carbonate solution on ethyl 2-keto-4-carbethoxytetrahydro- 
pyrrolidene-5-cyanoacetate or its isomeride, and can be prepared 
in quantity by the following process. Ten grams of the pyrrole 
or isopyrrole derivative are mixed with 100 c.c. of a 10 per cent. 
solution of sodium carbonate, and boiled until the odour of 
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ammonia ceases to be apparent, an operation which takes about 
six hours. The clear solution is then acidified with hydrochloric 
acid, causing the separation of an oil which rapidly solidifies. It 
can be purified by recrystallisation from dilute alcohol, when it 
yields colourless needles meltiig at 104°, and evolving gas at 140°: 
0°1957 gave 0°3626 CO, and 0:0933 H,O. C=50°53; H=5'29. 
0°2660 ,, 15:4 cc. N, at 17° and 762 mm. N=6°73. 
C,H,,0;N requires C=50°7; H=5:1; N=6°6 per cent. 

Ethyl hydrogen a-cyano-B-ketoadipate is readily soluble in all 
the usual organic solvents excepting light petroleum. It gives in 
alcoholic solution a deep red colour with ferric chloride. It was 
proved to be a dibasic acid by titration with W/10-sodium 
carbonate. 

The silver salt, C,H,O;NAg., separates as a white, crystalline 
solid on adding the calculated quantity of a solution of silver 
nitrate is a neutral solution of the ammonium salt of the acid: 

0°2463 gave 0°1246 Ag. Ag=50°58. 

C,H,O;NAg, requires Ag=50°58 per cent. 


Lactone of Ethyl Hydrogen a-Cyano-B-hydrozy-aB-hydromuconate, 
CH,°CH,°0:C(CN)-CO,Et 


CO O 


This substance can be prepared by the distillation of ethyl 
hydrogen a-cyano-§-ketoadipate. The following conditions were 
employed. Five grams of the ketone were placed in a small dis- 
tillation flask fitted to the vacuum distillation apparatus, and 
heated under diminished pressure until all water had been evolved, 
when the residue was distilled, and the fraction boiling at 
140—150°/30 mm. collected. The colourless oil obtained in this 
way partly solidified on keeping, and the mixture was therefore 
treated with sodium carbonate solution, in which the solid dissolved, 
leaving the oil unchanged. The oil was then separated by means 
of ether, the ethereal solution leaving an oil on evaporation which 
boiled at 142—145°/30 mm., yielding a clear, fairly mobile liquid 
which could not be crystallised : 

0°2145 gave 13°8 c.c. N, at 20° and 751mm. N=7°3. 

C,H,O,N requires N=7'2 per cent. 

The lactone is insoluble in cold water and only slowly dissolves 
on boiling, separating for the most part unchanged from the 
solution on cooling. It can be distilled in a current of steam 
without undergoing appreciable hydrolysis, but is quickly hydro- 
lysed by hot aqueous alkali hydroxide, yielding a clear solution, 
from which ethyl hydrogen a-cyano-B-ketoadipate separates on 
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acidifying. The sodium carbonate solution obtained in the puri- 
fication of the lactone yields a solid acid on acidifying, which 
separates from benzene in colourless plates melting at 121°. It 
gives no colour with ferric chloride, and does not decolorise 
permanganate in sodium hydrogen carbonate solution. The quan- 
tity obtained was too small for further investigation. 


(3) Suecinie and Malonic Acids. 


The ultimate products obtained by the complete hydrolysis of 
ethyl 2-keto-4-carbethoxydihydrovsopyrrolyl-5-cyanoacetate with 
aqueous potassium hydroxide are succinic and malonic acids. The 
experimental conditions employed were as follows. Five grams 
of the tsopyrrole derivative were suspended in water and mixed 
with aqueous potassium hydroxide containing one and a-half times 
the calculated quantity of the alkali. The solution was then boiled 
until ammonia ceased to be evolved, when hydrochloric acid was 
added, and the clear solution extracted on the shaking machine 
with ether. The ethereal solution on evaporation left a solid 
residue, which, when recrystallised from water, yielded the 
characteristic crystals of succinic acid melting at 185°: 


0°1810 gave 0°2706 CO, and 0°0844 H,O. C=40°77; H=5'18. 
C,H,O, requires C=40°7; H=5'l per cent. 


The aqueous residue from the ether extraction was then 
evaporated to dryness on the water-bath, and the dry residue 
extracted in a Soxhlet apparatus with ether. The ethereal extract 
on evaporation yielded a solid residue containing a considerable 
quantity of succinic acid, which had not been extracted in the 
previous extraction. The separation was effected by rubbing the 
mixed acids with dry ether, in which succinic acid is practically 
insoluble, but in which malonic acid dissolves readily. By repeating 
the process, it was ultimately possible to isolate malonic acid, 
melting at 132°: 


0°1938 gave 0°2439 CO, and 0'0675 H,O. C=34:31; H=3°87. 
C3H,O, requires C=34'6; H=3'8 per cent. 
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The Products of Acid Hydrolysis of Ethyl 2-Keto-4-carbethozy- 
dihydroisopyrrolyl-5-cyanoacetate. 


(1) The Lactam of Carbethoxyglutazylacetic Acid, 


This substance may be prepared either by the action of dilute 
sulphuric acid on the isopyrrole derivative, or by heating ethyl 
dihydrogen §-imino-a-cyanobutane-ayd-tricarboxylate above its 
melting point. 

(i) From the isopyrrole derivative-—This method, which is the 
most convenient for the preparation of large quantities of the 
lactam, is carried out as follows. Ten grams are boiled with a 
10 per cent. solution of sulphuric acid until the oil which floats at 
the top of the hot acid has completely solidified, when the solid 
is collected and separated from any unchanged ‘ésopyrrole derivative 
by washing with alcohol. 

(ii) From the dihydrogen salt.—Five grams are heated in a test- 
tube placed in a bath of sulphuric acid at 155° for ten minutes. 
Some carbon dioxide is evolved during the process of heating, 
and the solid ultimately becomes transformed into a yellow, semi- 
solid mass. It is then cooled and mixed with dilute sodium 
carbonate solution, which causes the oily portion to dissolve, leaving 
a yellow solid; this can be obtained colourless by washing with 
alcohol. The sodium carbonate solution, on acidifying, yields an 
oil, which becomes solid on scratching, and consists of ethyl 
hydrogen f-imino-a-cyanoadipate, 

CO,H:°CH,°CH,°C(:NH):CH(CN)-CO,Et, 
melting at 131° (see page 1534), which is evidently formed 
by the elimination of the carboxyl group from the dihydrogen 
salt. 

When prepared by either of these methods, the lactam is an 
insoluble substance, which separates from a large quantity of hot 
water as small needles, decomposing at a high temperature without 
melting : 

0°1863 gave 0°3441 CO, and 0°0705 H,O. C=50°37; H=4°20. 

0°2010 ,, 201 cc. Ng at 9° and 757 mm. N=11°9. 

C,yH,,O;N, requires C=50°4; H=4°2; N=11'8 per cent. 


The lactam is insoluble in cold sodium carbonate solution, and 
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its aqueous solution gives a purple coloration with ferric chloride, 
which changes to green after boiling for a few minutes. 


(2) Carbethoryglutazylacetic Acid, 
NH, 
CH,°CO,H 


The lactam described above dissolves when boiled with sodium 
carbonate solution, and the above acid separates when the cold 
alkaline solution is acidified. The compound does not possess a 
definite melting point, and cannot be recrystallised, since when 
boiled with water it is reconverted into the lactam, which separates 
from the solution on cooling: 

0°2012 gave 18°2 cc. N, at 10° and 758mm. N=10°8. 

C19H,,0,N, requires N=10°9 per cent. 

The acid is soluble in sodium carbonate solution, and behaves 

towards ferric chloride in the same manner as the lactam. 


(3) The Lactone of Trihydrozycarbethorypyridylacetic Acid, 
O—-CO 
Nou, 
oa yo 
N 

This compound can be prepared by the action of nitrous acid 
on carbethoxyglutazylacetic acid in the following way. The 
glutazine derivative is dissolved in dilute aqueous potassium 
hydroxide, and, after having been mixed with a solution containing 
excess of sodium nitrite, is poured into a hot dilute solution con- 
taining excess of acetic acid. The mixture becomes at once deep 
green, and the pyridine derivative slowly separates as a crystalline 
powder. It was purified by recrystallisation from water, in which 
it is sparingly soluble, and obtained in microscopic needles, which 
decompose at a high temperature without melting: 

0°1913 gave 0°3513 CO, and 0°0671 H,O. C=50°08; H=3°'89. 

C,)H,O,N requires C=50°2; H=3'8 per cent. 

The lactone is insoluble in sodium carbonate solution, and gives 
in aqueous solution a red coloration with ferric chloride, which 
disappears on warming. The corresponding acid could not be 
isolated, for, although the lactone dissolved when boiled with 
sodium carbonate solution, evidently undergoing transformation 
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into the sodium salt of the acid, yet on acidifying the solution 
a substance separated which was insoluble in sodium carbonate 
solution, and was evidently therefore the lactone. 


(4) Glutazylacetic Acid, 


This acid can be prepared by the action of aqueous potassium 
hydroxide on the lactam of carbethoxyglutazylacetic acid. The 
lactam is mixed with 30 per cent. aqueous potassium hydroxide, 
and the solution boiled in an open vessel until the odour of 
ammonia begins to be apparent. Water is then added, and the 
solution acidified with hydrochloric acid. Providing the solution 
is sufficiently concentrated, the acid then slowly separates as a 
crystalline precipitate; this can be purified by recrystallisation 
from a little water, from which it separates in small, glistening 
plates, usually pale yellow in colour. The acid melts and blackens 
at about 270° when rapidly heated, but when slowly heated begins 
to char much below this temperature: 

0°2121 gave 28°6 c.c. Ny at 17° and 748 mm. N=15°4. 

C,H,0,N, requires N=15°2 per cent. 

Glutazylacetic acid is readily soluble in hot water. It gives with 
ferric chloride in aqueous solution a red coloration, which changes 
to green on boiling. The acid does not appear to pass readily into 
the lactam, for, although it evidently loses water on heating, yet at 
the high temperature necessary much charring takes place, and no 
definite product could be isolated. 


(5) Trihydrozypyridylacetic Acid, 
OH 
/cH,-C0,H 


This acid may be prepared either by the hydrolysis of tri- 
hydroxycarbethoxypyridylacetic acid with potassium hydroxide, or 
by the action of dilute sulphuric acid on glutazylacetic acid. 

(1) From trihydrozycarbethoxypyridylacetic acid—Three grams 
of the acid are heated in an open vessel with 5 c.c. of 30 per 
cent. aqueous potassium hydroxide until a test portion gives no 
precipitate on acidifying. The solution is then acidified with 
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hydrochloric acid and kept, when, provided the solution is suffi- 
ciently concentrated, the pyridine acid slowly separates as a 
crystalline powder. 

(2) From glutazylacetic acid.—Three grams of the acid are 
boiled with 10 per cent. sulphuric acid for two hours. The solution 
is then rendered alkaline with ammonia, acidified with hydrochloric 
acid, and evaporated on the water-bath to a small bulk. The 
pyridine derivative separates on keeping the concentrated solution. 

Trihydrozypyridylacetic acid separates from a small amount of 
water in small prisms, usually yellow in colour. It does not possess 
a definite melting point, but when heated begins to blacken at 
about 220°: 

0°2182 gave 14°4 c.c. N, at 18° and 763 mm. N=7°7. 

C;H,O;N requires N=7°6 per cent. 

The acid is readily soluble in water, and gives a red coloration 
with ferric chloride, which disappears on warming. As in the 
case of glutazylacetic acid, the corresponding anhydride could not 
be isolated owing to the high temperature required for its formation. 


Ethyl 2-Keto-4-carbethoxry-1-methyltetrahydropyrrolidene- 
5-cyanoacetate, 
NMe:C:C(CN)-CO,Et 

aa Oat H:CO,Et ; 


The methylation of ethyl 2-keto-4-carbethoxytetrahydro- 
pyrrolidene-5-cyanoacetate cannot be readily effected. The sub- 
stance is a strong acid, but acid etherifying agents, such as alcohol 
and sulphuric acid, cannot be used, since at the necessary tem- 
perature the compound rearranges to the isopyrrole form, which 
does not alkylate. Moreover, alkaline alkylating agents, such as 
sodium ethoxide and an alkyl iodide, do not lead to good results, as 
the sodium salt of the pyrrole form is not readily acted on by 
alkyl iodides. The only satisfactory method is to treat the silver 
salt suspended in dry benzene with methyl iodide in the following 
manner. Five grams of the ‘silver salt, prepared in the way 
described on page 1522, were carefully dried at 80°, ground to a 
fine powder, and transferred to a Gcissier flask, in which it was 
mixed with 50 c.c. of dry benzene. Excess of methyl iodide was 
then added, and the flask heated on the water-bath. The reaction 
commenced on warming, and was complete after heating for two 
hours, when the benzene solution was filtered and evapcrated. The 
oily residue solidified on cooling, and was purified by recrystallisation 
from alcohol, being obtained in long, colourless needles, melting 
at 84°: 
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0°1859 gave 0°3791 CO, and 0°0950 H,O. C=55°62; H=5°67. 
C,3H,0;N. requires C=55'7; H=5'7 per cent. 

The methyl derivative is insoluble in cold aqueous potassium 

hydroxide. A small quantity of the same methyl derivative was 

obtained on alkylating the pyrrole derivative by means of sodium 

ethoxide and methyl iodide. 

Hydrolysis of Ethyl 2-Keto-4-carbethoxy-1-methyltetrahydro- 
pyrrolidene-5-cyanoacetate.—This hydrolysis is best effected by 
means of aqueous potassium hydroxide under conditions which 
allow the methylamine formed to be collected. Five grams were 
placed in a flask connected with a condenser and mixed with an 
aqueous solution containing the calculated quantity of potassium 
hydroxide necessary to hydrolyse it to the dipotassium salt of ethyl 
hydrogen a-cyano-§-ketoadipate, 

CO,K*CH,"CH,"CO:CK(CN):CO,Et, 
that is to say, 4 grams. The flask was then heated on the sand- 
bath, and the distillate collected in dilute hydrochloric acid, care 
being taken to prevent loss of methylamine by causing the con- 
denser tube to dip under the surface of the acid. The heating 
was continued until all oil had passed into solution, when steam 
was passed through the flask in order to remove the last traces of 
the base. The residue was then acidified, yielding an oil which 
solidified on standing. It was collected and recrystallised from 
dilute alcohol, giving colourless needles, melting at 104°, which 
analysis showed to consist of ethyl hydrogen a-cyano-8-ketoadipate : 
0°1805 gave 0°3347 CO, and 0°0809 H,O. C=50°52; H=4°98. 
C,H,,0;N requires C=50°7; H=5'l1 per cent. 

The hydrochloric acid distillate was then evaporated to a small 
bulk, and mixed with excess of platinic chloride solution and an 
equal volume of alcohol. The golden-yellow plates which then 
separated were collected, dried, and analysed: 

0°2316 gave 0°0954 Pt. Pt=41°19. 

(NH,Me,HCl),PtCl, requires Pt=41°34 per cent. 
The base was therefore methylamine. 


Ethyl 2-Iminotetrahydropyrrolidene-5-cyanoacetate, 
-~_-NH-C:C(CN)-CO,Et 
NH:C<., J wa 
<oun,-cu, 


The carbethoxy-group can be readily eliminated from ethyl 
/-imino-4-carbethoxytetrahydropyrrolidene-5-cyanoacetate without 
affecting the imino-group by the following process. Ten grams 
of the imino-ester, ground to a fine powder, are suspended in 
100 c.c. of water at 80° and mixed with 20 c.c. of 50 per cent. 
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aqueous potassium hydroxide. A clear solution is at once obtained, 
which is kept for thirty seconds and is then quickly cooled. It 
is advisable to avoid shaking the flask during this period, as the 
alkaline solution rapidly oxidises to a blue compound when in 
contact with air. The cooled solution is then acidified with acetic 
acid, and a quantity of unaltered imino-compound which then 
separates is collected. It is possible so to arrange the time of 
the reaction as to cause the whole of the carbethoxy-derivative to 
be hydrolysed by the alkali, in which circumstances none is, of 
course, recovered on acidifying with acetic acid. This point is, 
however, difficult to determine, and as other products are formed 
by the further action of the alkali, it is best to use the above 
conditions, which enable the reaction to be stopped before the 
whole of the carbethoxy-derivative is hydrolysed. The recovered 
ester can, of course, be used again. The filtrate from the unaltered 
imino-compound which contains the carboxylic acid in solution is 
then boiled, whereby carbon dioxide is eliminated, and ethyl 
2-iminotetrahydropyrrolidene-5-cyanoacetate precipitated. When 
recrystallised from a large volume of alcohol, it is obtained in 
microscopic needles, usually pale yellow in colour, which melt and 
decompose at 256°: 

0°1610 gave 0°3319 CO, and 0:0802 H,O. C=56'22; H=5°53. 

0°2006 ,, 37:2 cc. Ny at 15° and 762 mm. N=21°77. 

C,)H,,0O.N; requires C=55°9; H=5'7; N=21°7 per cent. 

Ethyl 2-iminotetrahydropyrrolidene-5-cyanoacetate is sparingly 
soluble in all the usual organic solvents, but can be recrystallised 
from a large volume of hot water, in which it is more soluble than 
the corresponding carbethoxy-derivative. It is quite insoluble in 
alkali carbonates or hydroxides, but in the case of the last-named 
reagents it dissolves on warming, yielding products of fission of 
the pyrrolidine ring. It is obtained by the process given above 
in yields of about 75 per cent. of the theoretical, although this 
is considerably decreased if the action of the alkali is prolonged, 
for by this means the pyrrolidine ring is broken and_ ethyl 
hydrogen 8-imino-a-cyanoadipate, 

CO,H’CH,°CH,°C(‘-NH):CH(CN)-CO,Et 

(see page 1534), is formed. The imino-compound is soluble in dilute 
hydrochloric acid, but a crystalline hydrochloride could not be 


isolated. 
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Ethyl 2-Ketotetrahydropyrrolidene-5-cyanoacetate, 


NH-C:C(CN):CO,Et 
00<on,-cn, , 


The above pyrrole form of the ketone may be prepared from the 
imino-cempound by the action of dilute hydrochloric acid. Five 
grams of the imino-compound are finely ground and suspended in 
30 c.c. of warm water. Five c.c. of concentrated hydrochloric acid 
are now added, and the clear solution kept, when long needles of 
the pyrrole form separate. It is best purified by rapid re- 
crystallisation from alcohol, for, although a certain quantity is 
converted inte the csopyrrole modification by this means, yet owing 
to the fact that the pyrrole form is much less soluble in alcohol 
than the isopyrrole form the crystals which separate first are pure 
ethyl 2-ketotetrahydropyrrolidene-5-cyanoacetate. The compound 
forms rhombic prisms, melting at 181°: 

0°1822 gave 0°3716 CO, and 0°0838 H,O. C=55°62; H=5'11. 

0°2120 ,, 26°4 c.c. Ny at 17°5° and 748 mm. N=14°2. 

C,yH,,O,N, requires C=55'7; H=5'1; N=14°4 per cent. 

The ethyl salt is characterised by forming alkali salts, which are 
insoluble in excess of the alkali. Thus, when treated with a con- 
centrated solution of sodium carbonate, it dissolves, but almost 
directly deposits the sodium salt as a white, crystalline precipitate. 
In the same way, the potassium salt separates when the acid is 
dissolved in concentrated aqueous potassium hydroxide and allowed 
to stand. 

The potassium salt, C,H,O,N,K, is best prepared by dissolving 
the acid in alcohol and adding an alcoholic solution containing the 
requisite quantity of potassium hydroxide, when it separates as 
a sandy powder. It can be conveniently purified by washing with 
hot alcohol, in which it is very sparingly soluble, but can also be 
recrystallised from a small quantity of water, from which solvent 
it separates in small, colourless prisms: 

0°2278 gave 0°0844 K,SO,. K=16°6l. 

C,H,O,N,K requires K =16°88 per cent. 

The salt is readily soluble in cold water, forming a solution 
which is alkaline to litmus. 

The silver salt, C)JH,O,N.Ag, is difficult to prepare in the usual 
manner through the ammonium salt, but is readily formed when 
an aqueous solution of the potassium salt is mixed with a solution 
containing the calculated quantity of silver nitrate. It is a 
gelatinous substance, which can be dried to a fine, apparently 
amorphous powder by heating it at 80°: 
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0°2331 gave 0°0838 Ag. Ag=35°95. 
CyH,O,N,Ag requires Ag=35°88 per cent. 
The silver salt is slowly affected on exposure to light. 


Ethyl 2-Ketodthydroisopyrro/yl-5-cyanoacetate, 
N==C-CH(CN)-CO,Et 
1 I wae 
CO< ou CH, 


The isopyrrole form of the ketone can be prepared either by 
the action of nitrous acid on the imino-compound, or by the action 
of boiling dilute hydrochloric acid. In the first case, the pure 
isopyrrole derivative is formed, in the second a mixture of the 
two forms. 

By the action of nitrous acid.—Ten grams of the imino- 
compound are ground to a fine powder and suspended in 20 c.c. of 
glacial acetic acid, the mixture being added to a boiling solution 
containing 5 grams of sodium nitrite in 100 c.c. of water. A 
considerable quantity of gas is evolved, and a clear solution, which 
is usually red in colour, is obtained after boiling for a few minutes. 
As soon as this point is reached, the solution is cooled, and the 
isopyrrole derivative which then separates is collected and purified 
by recrystallisation from either water or alcohol. It forms colour- 
less needles, melting at 145°. 

By the action of hot dilute hydrochloric acid.—The imino- 
compound is suspended in boiling water and concentrated hydro- 
chloric acid added, the solution being raised to boiling for a few 
minutes. On cooling, crystals separate, which, when collected and 
treated with dilute sodium carbonate solution, leave an insoluble 
residue consisting of the isopyrrole form, melting at 145°. The 
sodium carbonate solution, on acidification, yields the pyrrole 
form, melting at 181°. The proportion of the two forms present 
in this product depends entirely on the length of time the hydro- 
chloric acid solution is heated. It is possible, by prolonging the 
heating sufficiently, to obtain only the isopyrrole form, melting 
at 145°: 

0°1778 gave 0°3630 CO, and 0°0818 H,O. C=55°68; H=5'1l. 

0°2091 ,, 271 cc. N, at 165° and 738mm. N=14°6. 

CyH,,O,N, requires C=55'7; H=5'1; N=14'4 per cent. 

The isopyrrole derivative is insoluble in sodium carbonate 
solution, but dissolves on warming, being for the most part 
transformed, with fission of the isopyrrole ring, into the sodium 
salt of ethyl hydrogen B-imino-a-cyanoadipate (see page 1534). It 
is soluble in cold aqueous potassium hydroxide, and, providing 
the alkali is strong, the potassium salt of the pyrrole form separates 
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on standing. The alkaline solution shows no tendency to oxidise 
in the air, and the action of methyl sulphate does not lead to the 
production of a coloured substance. 

Transformation of the pyrrole form into the isopyrrole form, 
and vice versa.—The pyrrole form is comparatively stable, and 
it is possible to sublime it, when dry, at a temperature of 180° 
without causing it to pass into the isopyrrole modification. As 
already mentioned, it can be recrystallised from alcohol without 
undergoing change, although prolonged boiling with this solvent 
slowly converts it into the isopyrrole derivative. Hot water acts 
more quickly, and boiling for ten minutes is usually sufficient to 
convert one gram completely into the isopyrrole form. The 
reverse change is best effected through the potassium salt in the 
following way. One gram of the isopyrrole modification is dissolved 
in alcohol, and the requisite quantity of potassium hydroxide 
dissolved in alcohol added. The potassium salt of the pyrrole 
form separates, which, when dissolved in water and acidified, 
yields the pure pyrrole modification in glistening laminz, melting 
at 181°. The following analysis was made in order to establish 
its identity: 

0°1797 gave 0°3662 CO, and 0°0834 H,O. C=55°58; H=5'14. 

CyH,,O;N, requires C=55'7; H=5'l per cent. 


Ethyl Hydrogen B-Imino-a-cyanoadipate, 
CO,H-CH,*CH,*C(:NH):CH(CN)-CO,Et. 


This compound occurs in a number of reactions involving the 
hydrolysis of both ethyl 2-imino-4-carbethoxytetrahydropyrrolidene- 
5-cyanoacetate and ethyl 2-iminotetrahydropyrrolidene-5-cyano- 
acetate, but can be prepared in quantitative yield by warming 
ethyl 2-ketodihydrozsopyrrolyl-5-cyanoacetate with sodium car- 
bonate solution. The first action of the alkali is to form the 
sodium salt of the pyrrole modification, but if the solution is 
boiled for a few minutes fission of the pyrrole ring ensues with the 
production of the above compound. The operation is performed 
as follows. Two grams of the isopyrrole derivative or its isomeride 
are boiled with 20 c.c. of a 10 per cent. solution of sodium 
carbonate for five minutes, and the clear solution, after being 
cooled, is acidified with hydrochloric acid. A crystalline pre- 
cipitate separates, which, when recrystallised from hot water, yields 
feathery needles, melting at 131° and evolving gas at 160°: 

0°1786 gave 0°3331 CO, and 0°0906 H,O. C=50°86; H=5'63. 

0°2040 ,, 23c.c. Ny at 12°5° and 747mm. N=13°37. 
CyH,,0,N, requires C=50°9; H=5°'7; N=13°2 per cent, 
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The silver salt, C)H,,0,N,Ag, separates as a white, bulky pre- 
cipitate when the calculated quantity of an aqueous solution of 
silver nitrate is added to a neutral solution of the ammonium salt 
of the acid. It darkens rapidly on exposure to light: 

0°2173 gave 0°0735 Ag. Ag=33'82. 

CyH,,0,N,Ag requires Ag=33°85 per cent. 

Ethyl hydrogen §f-imino-a-cyanoadipate is stable towards hot 
sodium carbonate solution, and can be boiled for some time with 
this reagent without undergoing change, but, when boiled for a 
few minutes with aqueous potassium hydroxide, it evolves ammonia 
and passes into ethyl hydrogen a-cyano-8-ketoadipate (see page 
1524). The operation is effected by boiling 1 gram with 5 c.c. of 
a 20 per cent. solution of potassium hydroxide for one minute and 
acidifying the solution, when an oil separates which slowly solidifies. 
On recrystallisation from dilute alcohol, it yields the characteristic 
needles of ethyl hydrogen a-cyano-8-ketoadipate, melting at 104°, 
and giving a red coloration with ferric chloride: 

0°2454 gave 14°2 c.c. N, at 18° and 762 mm. N=6'7. 

C,H,,0;N requires N=6'6 per cent. . 

Ethyl hydrogen 8-imino-a-cyanoadipate is slowly hydrolysed by 
mineral acids to the corresponding ketone, and is partly transformed 
into the same compound on treatment with nitrous acid. When 


distilled rapidly, in small quantities, under the ordinary pressure, 
it loses water and is reconverted into ethyl 2-ketodihydrozsopyrrolyl- 
5-cyanoacetate. The following analysis was made of the product 
obtained in this way and recrystallised from water. It melted 
at 145°: 
0°2300 gave 29°8 c.c. N, at 17° and 740 mm. N=14'6. 
CyH,,O0,N, requires N=14°4 per cent. 


Ethyl 2-Keto-1-methyltetrahydropyrrolidene-5-cyanoacetate, 
NMe:C:C(CN):CO, Et 
I ° 
CO<cH CH, 


The methylation of ethyl 2-ketotetrahydropyrrolidene-5-cyano- 
acetate presented some difficulties. In the first place, it was not 
found possible to bring about interaction between the potassium 
salt and methyl iodide, for even after prolonged boiling in 
alcoholic solution the potassium salt remained unacted on. Again, 
when the potassium salt was suspended in methyl alcohol and 
treated with methyl sulphate, although interaction ensued and 
potassium sulphate separated, the product was found to consist of 
unchanged ethyl 2-ketotetrahydropyrrolidene-b-cyanoacetate, and 
no trace of a methyl derivative could be isolated. This curious 
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reaction is evidently caused by the ionisation of the potassium 
salt in solution. Attempts made to prepare the methyl derivative 
by the ordinary process of alcohol and sulphuric acid etherification 
led to no result, since at the necessary temperature the pyrrole 
form was completely converted into the zsopyrrole form, which is 
unacted on by these reagents. Finally, the desired result was 
obtained by methylating the compound through the silver salt. 
Five grams of the silver salt were prepared from the potassium salt 
in the manner described on page 1532, and after being carefully 
dried in an air-oven at 80° the salt was transferred to a flask 
fitted with a reflux condenser, in which it was mixed with 100 c.c. 
of carefully dried benzene containing excess of methyl iodide. The 
flask was then heated on the water-bath for two hours, at the 
end of which time the greater portion of the silver salt had been 
decomposed. The benzene solution was then filtered and 
evaporated, leaving an oily residue, which rapidly solidified. When 
recrystallised from alcohol, it formed colourless prisms melting 
at 120°: 
0°1802 gave 0°3799 CO, and 0°0940 H,O. C=57'49; H=5°79. 
Cy9H;.0,N,. requires C=57'7; H=5'8 per cent. 


The methyl derivative is insoluble in cold aqueous potassium 


hydroxide. 


Ethyl Hydrogen aCyano-B-methyliminoadipate, 
CO,H°CH,°CH,°C(°NMe)*CH(CN)-CO,Et. 


This substance is formed by the hydrolysis of ethyl 2-keto- 
1-methyltetrahydropyrrolidene-5-cyanoacetate by means of sodium 
carbonate solution in the following way. Five grams of the 
pyrrole derivative are mixed with 20 c.c. of a 10 per cent. solution 
of sodium _carbonate, and boiled until all has passed into solution 
and no separation of oil takes place on cooling. The cold solution 
is then acidified with hydrochloric acid, and the crystalline pre- 
cipitate which separates is purified by recrystallisation from water. 
When rapidly crystallised from this solvent, it forms lustrous 
plates, but when allowed to separate slowly it is obtained in long, 
slender needles. It melts at 155°, and gives off gas when heated 
to a high temperature: 

0°1973 gave 0°3835 CO, and 0'1120 H,O. C=53'02; H=6°31. 

CoH, 4O,N. requires C=53°1; H=6°2 per cent. 

The sever salt, C\jH,;0,N,Ag, separates as a white, crystailine 
precipitate when the calculated quantity of silver nitrate solution 
is added to a neutral solution of the ammonium salt: 
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0°2541 gave 0°0821 Ag. Ag=32°31. 

C,»H,,0,N,Ag requires Ag=32°43 per cent. 

Ethyl hydrogen a-cyano-8-methyliminoadipate is reconverted into 
ethyl 2-keto-1-methyltetrahydropyrrolidene-5-cyanoacetate on rapid 
distillation under the ordinary pressure. The following analysis 
was made of the product obtained in this way, which melted at 
120°: 

0°2248 gave 24°1 c.c. N, at 12° and 750 mm. N=12°6. 

Cyo)H,,O,N, requires N=12°4 per cent. 

The formation of methylamine and ethyl hydrogen a-cyano- 
B-ketoadipate from ethyl hydrogen a-cyano-B-methyliminoadipate.— 
This transformation was effected by the action of potassium 
hydroxide solution in the following way. Five grams of the imino- 
compound were heated under the same conditions as described on 
page 1530 for ten minutes, when steam was passed through the flask, 
and the contents were finally cooled and acidified. The oil which 
separated solidified on keeping, and on recrystallisation from dilute 
alcohol yielded the characteristic crystals of ethyl hydrogen 
a-cyano-8-ketoadipate, melting at 104°, and giving a red coloration 
with ferric chloride: 

0°2401 gave 13°9 c.c. No at 18° and 761 mm. N=6°7. 

C,H,,0;N requires N=6°6 per cent. 

The hydrochloric acid distillate was evaporated to a small bulk, 
mixed with platinic chloride solution, and then with an equal 
volume of alcohol. The yellow platinum salt which then separated 
was collected and analysed: 

0°2328 gave 0°0957 Pt. Pt=41°10. 

(NH,Me,HCl),PtCl, requires Pt=41°34 per cent. 


The base was evidently therefore methylamine. 


Much of the expense entailed by this research has been met by 
grants from the Government Grant Committee of the Royal 
Society and from the Research Fund of the Chemical Society, for 
which we desire to express our indebtedness. 
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CLXXIII.—Halogen Derivatives of Cinnamic Acid. 


By THomas CAMPBELL James and JoHN JosEPH SUDBOROUGH. 


A.—Attempted Resolution of a-Bromocinnamic Acids by means of 
Strychnine. 


As a rule an unsaturated acid of the type R°-CH:CH:°CO,H exists 
in two well defined stereoisomeric forms, namely, the cis and the trans. 
The existence of such pairs of isomerides is in complete harmony with 
the theoretical views of van’t Hoff, and the only acid that exists in a 
larger number of isomeric forms than could be predicted from van’t 
Hoff's views is cinnamic acid. The recent work of Biilmann (Ber., 
1909, 42, 182, 1443) indicates that certain of the isomerides of 
cinnamic acid are polymorphous forms (compare also Erlenmeyer, 
ibid., 502, 513, 521 ; Liebermann, idid., 1027). According to Erlen- 
meyer (Ber., 1905, 38, 3499 ; 1906, 39, 285, 1570), both ad/ocinnamic 
acid and ordinary synthetical cinnamic acid yield two isomeric salts 
with brucine, and by this method a resolution of the two acids was 
accomplished. 

The subsequent work of Marckwald and Meth (Ber., 1906, 39, 
2598) has shown that the two brucine salts derived from cinnamic 
acid are not isomeric, but that the salt melting at 135° is an acid 
salt, and the one melting at 113° a normal salt. Erlenmeyer’s 
presumed resolution of synthetical cinnamic acid appears to be 
incorrect, and it is suggested by Marckwald that the same holds good 
for the resolution of allocinnamic acid. 

We have made several experiments with alkaloidal salts of a-bromo- 
cinnamic and a-bromowl/ocinnamic acids with the object of seeing 
whether these acids can be resolved (compare Sudborough and Thomp- 
son, Trans., 1903, 83, 1167). The strychnine salts proved to be the 
most suitable, as they crystallise well from alcohol. In the case of the 
a-bromoallo-acid we obtained two distinct crystalline salts, one melting 
at 183° (decomp.) and the other at 127°, but subsequent investigation 
proved that the second salt was merely the hydrated form of the 
first salt. Similar results were obtained in the case of strychnine 
a-bromocinnamate. 

Strychninea-Bromoallocinnamate, C,,H,.0,N.,C,H,0,Br.—16°7 Grams 
of finely powdered strychnine (1 mol.) were added toa solution of 11:35 
grams of pure a-bromoal/ocinnamic acid (1 mol.) in 500 ¢.c. of absolute 
alcohol, and the whole warmed gently until a clear solution was 
obtained. 

After three days, clusters of slender, prismatic crystals had separated. 
The mother liquor (2) was removed, and the crystals washed with 
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absolute alcohol and dried. The weight of crystals was 17-2 grams, or 
a 62 per cent. yield. .The salt was crystallised three times from 
absolute alcohol, but the melting point remained constant at 183° 
(decomp.) : 


0°3512 gave 0:1197 AgBr. Br =14°50. 
C,, H,,0,N,,C,H,O,Br requires Br= 14°26 per cent. 


The salt did not lose in weight when heated at 127° for some time, 
and was thus free from water or alcohol of crystallisation. 

The salt was optically active. 1:250 Grams, made up to 50 c.c. with 
absolute alcohol, gave a —1°684° at 18° in a 4-dem, tube, whence 
[a}> —16°84°. 

The mother liquor (a) from the above salt, on spontaneous evapora- 
tion, yielded large, transparent crystals. These were washed with 
alcohol and dried. The crystals melted at 127° to a clear liquid, but 
when the temperature was raised slightly, the molten mass solidified 
and melted again at 183° (decomp.) : 


1:9115, heated at 127° for ten minutes, lost 0°0660. H,O=3°45. 

1°2196, __,, » 95° until constant, lost 0°0377. H,O=3°09. 

0°3660 gave 0°1200 AgBr. Br=13°93. 

C,, H,,0,N.,C,H,O,Br,H,O requires H,O = 3:11 ; Br = 13°82 per cent. 

0°4132, dissolved in alcohol, required 20:0 c.c. of 0°03616N-baryta ; 
Theory 19°7, 0°4862 required 23:1 c.c. ; Theory 23:2. 

12500 grams, made up to 50 c.c. with absolute alcohol, gave 
a — 1°658° in a 4-dem. tube at 18°, whence [a]j’ — 16°58° ( + 0:066°). 


The same crystals were obtained when the salt was recrystallised 
from 50 per cent. aqueous alcohol, or when a mixture of strychnine 
and a-bromoallocinnamic acid, or the anhydrous salt described above, 
was crystallised from 50 per cent. alcohol. 

The salts are more soluble in mixtures of alcohol and water than in 
either of the pure liquids. The acid recovered from them melted at 
120°, and was optically inactive. 

Strychnine a-bromocinnamate. C,,H,,0,N.,C,H,O,Br, was prepared 
by dissolving 4:54 grams of the acid and 6°68 grams of strychnine 
in 200 c.c. of absolute alcohol. After several hours, a quantity 
of colourless plates were deposited, which, when washed with alcohol 
and dried in the air, formed a fine white powder melting at 182°. 
Yield 6°45 grams, 

The mother liquor gave a further yield of the same type of crystals, 
and ultimately about 1°5 grams of clear, hard, prismatic needles. 
These were stable when exposed to the air and melted at about 130°, 
but then resolidified and melted again at 182°. Further examination 
showed that they were a hydrated form of the salt, for they may be 

512 


JAMES AND SUDBOROUGH : 


obtained by recrystallising the anhydrous sait from 50 per cent. 
alcohol. 
Anhydrous Salt—0°2045 gave 0°0694 AgBr. Br=14°44. 
C,,H,.0,N.,Cy)H,O,Br requires Br = 14°26 per cent. 
0°300, dissolved in alcohol, required 14°45 e.c. of 0°03664N-baryta ; 
Theory 14:6. 
1-250 grams, made up to 50 c.c. with absolute alcohol, gave a +0°4 
in a 4-dem. tube at 22°, whence [a]> + 4°7°. 
Hydrated Salt,—0°5801 gave 071880 AgBr. Br=13°79. 

25672, heated at 130° for one hour, lost 0:0886. H,O=3°45. 
20760 = ,,  ,, 108° ,, three hours, lost 0°0684. H,O=3°29, 
C,,H,,0,N,,C,H,0,Br,H,O requires Br = 13°82 ; H,O=3°11 per cent. 

The difference in rotation between the strychnine salts of the two 
stereoisomeric a-bromocinnamic acids is remarkable ([a],) +4°7° and 


— 16°84° respectively). 


7° 


B.—Action of Alcoholic Potassium Hydroxide on d- and 
l-aB-Dibromo-B-phenylpropionie Acid. 

Sudborough and Thompson (Trans., 1903, 83, 666) have determined 
the proportions of a-bromocinnamic and allocinnamic acids obtained 
by the action of alkalis on d/-a8-dibromo-8-phenylpropionic acid. We 
have examined the action of alcoholic potassium hydroxide on d- and 
l-a8-dibromo-8-phenylpropionic acids, and find that the ratio of the 
two unsaturated acids formed is much the same as when the ordinary 
inactive dibromo-acid is used, and that the acids thus obtained are 
optically inactive. 

We used Hirsch’s method (Ber., 1894, 2'7, 883) for the preparation 
of the active a8-dibromo-8-pheny]propionic acids. The rotation of the 
pure acids is +64°. As it was not essential for our purpose to obtain 
the acids quite pure, we were content to use a d-acid with [a], +29°, 
obtained by recrystallising the brucine salt twice from absolute 
alcohol, and then decomposing with dilute hydrochloric acid. The 
l-acid obtained by extracting the cinchonidine salt of the dl-acid 
several times with boiling benzene, and decomposing the residue with 
dilute hydrochloric acid, had [a], —38°. 

The acids were treated with two equivalents of alcoholic potassium 
hydroxide at 0°, and the products worked up in the manner 
described already (Trans., 1903, 83, 674). The results are given in 
the following table. 

aB-Dibromo-8- Weight Weight of Weight of 


phenylpropionic taken in a-bromo- a-bromo- 
acid. [a]p. grams. acid, allo-acid. Ratio 
+ 29° 2°0 0°15 0°9 1:6 
— 38 2°0 0°16 0°86 1:5°5 
— 38 6°0 0°45 1:77 
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The ratio obtained by Sudborough and Thompson from dl-af- 
dibromo-G-phenylpropionic acid under similar conditions was 1 :7°8. 

The rather low values of the ratio obtained when only a small 
quantity of the dibromo-acid was used is due to the solubility of the 
allo-acid in water. 


C.—The Addition of Bromine to Esters.of Cinnamic Acid. 


By the addition of bromine to ethyl cinnamate under certain con- 
tions, Michael (Ber., 1901, 34, 3660) obtained as much as 54 per 
cent. of ethyl allocinnamate dibromide melting at 28—30°. 

Sudborough and Thompson (Trans., 1903, 83, 671) repeated some 
of Michael’s experiments, but obtained as chief product the ordinary 
dibromide melting at 75—76°, only the merest traces of the allo- 
compound being formed. 

Michael and Smith have recently performed a number of experi- 
ments on the bromination of the same ester (Amer. Chem. J., 1908, 
39, 27), using a slight excess of bromine, and working in carbon 
tetrachloride solution. In some of these experiments as much as 50 
per cent. of the allo-dibromide was obtained, but they were unable to 
draw any general conclusions. They state that the yield of allo- 
compound depends on such subtle conditions that they do not consider 
the experiments as more than suggestive for future investigation. On 
the whole, the best yields were obtained when the solutions were not 
cooled, and where the bromine was added in portions. A comparison 
of their experiments also indicates that an increase in the length of 
time during which the mixture is kept tends to augment the yield of 
allo-compound. 

We have made the following series of experiments : 

Methyl Cinnamate and Bromine.—(1) 19°8 Grams of methyl cinna- 
mate and 19°8 grams of dry bromine were dissolved separately in 100 
c.c. of dry carbon disulphide. The bromine solution was added 
slowly in the dark at 0° to the ester solution, care being taken that 
the temperature did not rise. The mixture was then kept in an open 
vessel in the dark until all the solvent was removed, and the residual 
product was extracted several times with small amounts of cold 
carbon disulphide in order to extract the allo-dibromide. The yield 
of the latter was 5°6 per cent. 

(2) Similar tol. Yield, 5:25 per cent. 

(3) Similar to 1, but only 50 c.c. of solvent were used, and the 
bromine solution was added quickly in diffused daylight. The 
temperature rose to 35°. Yield, 16:0 per cent. 

(4) Similar to 3, but 100 c.c. of carbon disulphide were used, and 
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the temperature rose to the boiling point of the solvent. Yield, 12°7 
per cent. 

(5) Similar to 3, but the solvent was moistened by the addition of a 
drop of water. Yield, 122 per cent. 

(6) Similar to 3, but the mixing was conducted in the evening, using 
artificial light. Yield, 8°75 per cent. 

(7) Carbon tetrachloride was used as solvent ; the bromine solution 
was added quickly at the ordinary temperature in diffused daylight. 
Yield, 16°5 per cent. 

Ethyl Cinnamate and Bromine.—The ester used distilled at 260—264° 
under atmospheric pressure ; in each experiment 20°7 grams of bromine 
were used for 22°0 grams of ester, each dissolved in 50 c.c. of solvent. 

(1) Carbon disulphide was used as solvent, and the bromine solution 
was added rapidly in diffused daylight. The temperature rose to 43°. 
Slight evolution of hydrogen bromide took place, but no trace of the 
allo-dibromide could be isolated. 

(2) Dry carbon tetrachloride was used as solvent, and the bromine 
solution was added in three portions at intervals of three hours. The 
admixture took place in the dark at 20—24°, and 7:0 per cent. of oily 
dibromide was obtained. 

(3) Similar to 2, but the temperature was kept at 0°, and the 
addition occupied two days. Yield, 6:1 per cent. 

(4) Similar to 2, but the two solutions were mixed at once, and the 
temperature was allowed to rise. Yield, 8°4 per cent. 

Further experiments proved that methyl cinnamate dibromide 
(m. p. 118°) is not transformed into the allo-dibromide (m. p. 56°) 
when kept in contact with a solution of bromine in carbon disulphide 
or carbon tetrachloride for two months either in daylight or in 
the dark. 

According to Erlenmeyer (Ber., 1909, 42, 505), the ethyl ester of 
synthetical cinnamic acid is a mixture which can be partially resolved 
into its components by fractional distillation under diminished pressure. 
We intend to examine the products formed by the addition of bromine 
to the different fractions in order to determine whether it is the ester 
used which produces the discrepancies between Michael’s results 
and our own. 


D.—The Action of Alkalis on the Dibromides of Methyl and Ethyl 


alloCinnamates. 


Previous experiments (Trans., 1903, 83, 676) have shown that the 
chief product obtained by the elimination of hydrogen bromide from 
aB-dibromo-8-phenylpropionic acid is a-bromoallocinnamic acid, the 
isomeric a-bromo-acid (m. p. 131°) being formed to a very slight 
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extent. When, however, esters are substituted for the acid dibromide, 
the chief product is the a-bromo-acid, and the yield of a-bromoallo- 
acid is considerably diminished. It is possible that the a-bromoadlo- 
acid is to be regarded as the normal product in both cases, but that 
when esters are used the process of hydrolysis and elimination occur 
simultaneously and produce vibrations within the molecules which 
tend to cause the labile a-bromoa//o-acid to pass over into the more 
stable a-bromo-acid. 

The question as to the nature of the products formed by the 
elimination of hydrogen bromide from the allo-dibromides is of 
interest, and has received but little notice. 

Michael (Ber., 1901, 34, 3666) states that by boiling 3 grams 
of ethyl allocinnamate dibromide (m. p. 28°) with alcoholic sodium 
hydroxide solution he obtained 0°8 gram of a-bromoad/o-acid (m. p. 
120°) and 1:2 grams of a-bromo-acid (m. p. 131°). 

We have made the following experiments : 

(1) 5°6 Grams of methyl allocinnamate dibromide (m. p. 54—56°) 
were treated with two equivalents of potassium hydroxide in alcohol 
solution at 0°. The alcohol was subsequently removed by evaporation 
at the ordinary temperature, and the a-bromo-acids separated by means 
of their barium salts. 0:2 Gram of a-bromoadlo-acid and 3°5 grams of 
a-bromo-acid were obtained. Theoretical yield, 3°95 grams. 

(2) Six grams of ester (m. p. 54—56°) gave 3°8 grams of a-bromo-acid 
(m. p. 131°) and no trace of a-bromoal/o-acid. Theoretical yield, 
4:2 grams. 

(3) Ethyl allocinnamate dibromide was purified by heating to 40° and 
filtering through glass wool with the aid of the pump. When cold it 
solidified to a crystalline mass, m. p. 30°1°. 

2°17 Grams, with two equivalents of potassium hydroxide in alcoholic 
solution, gave 0°1 gram of a-bromoailo-acid and 1:05 grams of a-bromo- 
acid. Theoretical yield, 1°46 grams. 

These results indicate that the main product of the reaction is the 
a-bromo-acid (m. p. 131°) ; in experiment (No. 2) no allo-acid could be 
isolated, and in the others the amount was very small, and may be due 
to admixture of the original adlo-dibromide with small amounts of the 
isomeric dibromide, as it is extremely difficult to obtain these adlo- 
dibromides in a pure state. 


E.—Action of Organic Bases on aB-Dibromo-B-phenylpropionic Acid. 


The only experiments conducted hitherto appear to be those of 
Sudborough and Thompson (Trans., 1903, 83, 681), who obtained 
cinnamic acid and bromostyrene by boiling an alcoholic solution of 
dibromo-8-phenylpropionic acid with dimethylaniline, 
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We have repeated these experiments, and can confirm the results. 
From 10 grams of the dibromo-acid, 15 grams of cinnamic acid were 
obtained. After crystallisation from benzene, the acid melted at 133° ; 
it also crystallised from ether in aggregates of thin lamelle resembling 
synthetical cinnamic acid. The recovered base contained small 
amounts of bromine. 

Trimethylamine.—A solution of 6 grams of dibromo-8-phenylpro- 
pionic acid and 2°5 grams of trimethylamine in 25 c.c. of methyl 
alcohol was boiled for 0°5 hour in a reflux apparatus. The product 
was a mixture of 0:5 gram of a-bromocinnamic acid (m. p. 131°) and 
an oil, probably bromostyrene. Another experiment was made by 
keeping the alcoholic solution for forty days at the ordinary tem- 
perature and then removing the alcohol; an 80 per cent. yield of 
mixed a-bromo-acids was obtained. These were separated by means of 
their barium salts, when a 26°5 per cent. yield of a-bromo-acids 
(m. p. 131°) and a 47°7 per cent. yield of a-bromoailocinnamic acid 
(m. p., after recrystallisation, 120°) were obtained. 

Diethylaniline—When an alcoholic solution of af-dibromo-f- 
phenylpropionic acid (10 grams) was boiled for an hour with diethyl- 
aniline (10 grams), 33 per cent. of the acid was recovered, and about 
3 grams of an oil (bromostyrene) were formed. 

Cinchonidine.—Eight grams of dibromo-8-phenylpropionic acid and 
17 grams of cinchonidine were heated for a few minutes with 75 c.c. 
of absolute alcohol, and the clear solution kept for six weeks. 7°5 Grams 
of unaltered dibromo-acid were recovered. A second experiment was 
made by boiling the alcoholic solution of the dibromo-acid (10 grams) 
and cinchonidine (22 grams) for 15 hours. The product left after the 
removal of the alcohol was a gummy mass; this was treated with 
hydrochloric acid and shaken three times with ether. ‘lhe ethereal 
solution was washed with a little water, and then extracted with 
dilute sodium carbonate solution. The aqueous alkaline solution was 
acidified with moderately concentrated hydrochloric acid, and gave 
1:0 gram of organic acids, which were separated by means of their 
barium salts. The products obtained were bromostyrene, b. p. 
215—220°, 4:7 grams = 79 per cent., a-bromocinnamic acid, 0°55 gram = 
75 per cent., and a-bromoallocinnamic acid, 0°35 gram = 4'8 per cent. 
Total, 92°5 per cent. 

Quinine.—Ten grams of the dibromo-acid gave 4:1 grams of 
bromostyrene and 0°6 gram of a-bromocinnamic acid. 

Brucine.—Ten grams of dibromo-f-phenylpropionic acid, 26 grams 
of brucine, and 100 c.c. of absolute alcohol were heated for a few 
minutes and then evaporated to dryness on the water-bath, the whole 
operation taking some forty-five minutes. The products were bromo- 
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styrene, 40 per cent., a-bromo-acid, 21°7 per cent., and a-bromoallo-acid 
24°4 per cent. Total, 86 per cent. 

In all these experiments with feeble bases and alkaloids, appreciable 
amounts of bromostyrene are formed, but the most interesting result 
is that in practically every case the ratio a-bromo-acid/a-bromoallo-acid 
is much greater than when strong alkalis are used. Thus with 
potassium hydroxide the ratio is one-seventh, whereas with trimethyl- 
amine it is, roughly, one half. 


We wish to express our thanks to the Research Fund Committee 
for a grant which has covered part of the cost of this investigation. 
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CLXXIV.—The Constitution of Glucose Derivatives. 
Part IT. Condensation Derivatives of Glucose with 


Aromatic Amino-compounds. 


By James CoLquHoun IRvinE and Ropert Gitmour, B.Sc, 
(Carnegie Scholar). 


THe mutarotation displayed by glucoseanilide and tetramethyl 
glucoseanilide has, in a previous communication (Trans., 1908, 93, 
1429), been explained on the assumption that these compounds exist 
in stereoisomeric interconvertible forms which possess the y-oxydic 
linking characteristic of reducing sugars and glucosides. From 
analogy it might be expected that the condensation compounds of 
glucose with amino-bases generally, and also with amino-acids, should 
be constituted in a similar fashion, and in the present paper we 
describe the results obtained in the examination of glucose-p-toluidide, 
-p-phenetidide, -B-naphthylamide, and -o-carboxyanilide. As Behrend 
and his pupils are at present engaged in similar work on the glucose- 
phenylhydrazones, we have not in the meantime extended our 
observations on these compounds. 

The glucose derivatives mentioned above have now been shown to 
exist in interconvertible stereoisomeric forms which closely resemble 
the a- and B-glucoseanilides, and they may thus be similarly regarded 
as derivatives of the sugar in its y-oxydic form. Compared with 
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what may be termed “ normal glucosides,” * the compounds mentioned 
are peculiarly unstable, especially toward the action of hydrolytic 
agents, and it is thus impossible to apply chemical methods in eluci- 
dating their structure. Even the silver oxide reaction which has 
proved efficacious with other sugar derivatives, resulted in the present 
cases in molecular rupture, and thus evidence regarding constitution 
was sought for in the physical study of the formation and intercon- 
version of the various isomeric forms of the compounds. We have 
prepared each of the above substances under conditions which permit 
of observation of the changes in rotatory power undergone during the 
condensations, and this has been supplemented by the detailed study 
of the mutarotation of the products. The claim for regarding the 
above compounds as y-oxides thus rests on analogy alone, but their 
close similarity with the glucoseanilides, for which the +y-oxydic 
formula is supported by synthetical evidence (Joc. cit.), leaves no 
reasonable doubt that all the substances are similarly constituted. 


Glucose-p-toluidide, 


This compound has already been prepared by Sorokin, who describes 
it as melting at 100°, and showing ap —43°8° in methyl-alcoholic 
solution. On adopting his method of preparation, which consists in 
boiling an alcoholic solution of glucose with p-toluidine and precipi- 
tating the product with ether, we found that the success of the process 
depends largely on the amount of water which is present. Using 
anhydrous materials throughout, the product was a viscid syrup which 
did not solidify, but, on the other hand, the use of 83 per cent. 
alcohol as the solvent gave satisfactory yields of crystalline material. 
The amount of the solvent alcohol and the quality of the ether used as 
the precipitant are, however, important points. Pure dry ether gives 
a product crystallising in square plates, whilst ordinary commercial 
ether precipitates the compound in well-formed needles, apparently 
identical with the form described by Sorokin. A third form, crystal- 
lising in prisms, was obtained by boiling either of the above varieties 
with a large excess of ethyl acetate. Although the toluidide is only 
sparingly soluble in this solvent, the crystalline form of the undissolved 
residue continually altered during this treatment, indicating that 
the process involved simultaneous solution and crystallisation. The 
detailed examination of this third variety showed that it is the 
anhydrous form. 

Examination of Glucose-p-toluidide Crystallising in Needles.—The 
details of the preparation of this compound are as follows : Sixty grams 


* That is, compounds in which the sugar residue is linked to the remaining 
group through oxygen. 
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of powdered glucose were added to a solution of 120 grams of p-toluidine 
in one litre of 83 per cent. alcohol, and dissolved at the boiling point. 
After boiling for one hour, the solution was evaporated until 800 c.c. 
of alcohol had been collected, and the residual syrup was then mixed 
with four times its volume of ether. The oil solidified almost imme- 
diately to a mass of delicate needles, which were collected, washed 
with ether, and dried in a vacuum desiccator. The substance decom- 
posed readily on heating, and the melting point, although considerably 
higher than that quoted by Sorokin, was indefinite (115—120°). 
Analysis of the air-dried material indicated the presence of one 
molecule of water of crystallisation : 


Found : C=54:26 ; H=7°37. 
C,,H,,0;N,H,O requires C= 54°35 ; H=7-31 per cent. 


In all the preparations the products were levorotatory, and showed 
downward mutarotation. When precipitated by ether as described 
above, the first crops obtained were invariably more highly active than 
succeeding crops, but the equilibrium values attained in solution were 
fairly uniform. In determining the mutarotation, methyl alcohol was 
used as the solvent, and the concentration was, as nearly as possible, 
2°500 in each case. 

Initial [a],. Permanent [a]p. 
— 45°2° 
—44°9 
— 45'0 

We regard this levorotatory variety as the hydrated B-form. 

Examination of Glucose-p-toluidide Crystallising in Plates.—This 
variety of the toluidide may be prepared by Sorokin’s process, the 
amount of 83 per cent. alcohol employed as a solvent being not more 
than twelve times the weight of sugar used. With these proportions, 
dry ether must be used in the precipitation of the product. The pure 
compound, when recrystallised from anhydrous methyl alcohol, melted 
without appreciable decomposition at 117—119°, and analysis 
showed that half a molecule of water of crystallisation was 
present : 

Found : C=56:00; H=7°35. 

C,,;H,,0;N,4H,0 requires C=56:11 ; H=7'19 per cent. 


The first crops of the compound to be precipitated contained excess 
of the levo-form, whilst succeeding crops contained a larger proportion 
of the dextro-isomeride than exists in the equilibrium mixture ; 
mutarotation in opposite directions was thus observed. 

Initial [a]. Final [a]? Initial [a]?”. 


-94:6°  ——> -47°3° — 
— 45:0 <“ -11' 
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The compound combined readily with an additional half-molecule of 
water to give the monoclinic variety, the change being effected by 
crystallisation either from water or from dilute methyl alcohol. The 
fact that during this treatment the compound gained about 3 per cent. 
of its weight is also consistent with the idea that the change is due 
to the addition of water. This transformation from the plate form to 
the needle variety has little effect on the rotatory power of the com- 
pound. This isseen whether we compare the initial values or the perma- 
nent specific rotations attained in solution : 


Initial [a]. Final [a]. 


Needle form — 97°6° —_—_——> — 45°2° 
Plate — 94°6 —_—_—_> — 47°3° 


These slight differences in rotatory power are somewhat greater 
than the experimental error of our observations, but it is note- 
worthy that the permanent values become identical if the concen- 
trations be calculated in each case for the amount of the anhydrous 
compound present in the solution. 

As the initial specific rotation quoted above (-—94°6°) was obtained 
with a specimen which had been repeatedly crystallised from absolute 
methyl alcohol, it probably approximates closely to the maximum 
value for the partly hydrated B-toluidide. 

Examination of Glucose-p-toluidide Crystallising in Prisms.—In our 
experience the most convenient method of preparing anhydrous 
glucose-p-toluidide is to use anhydrous materials in Sorokin’s process. 
The product thus obtained was a syrup, which became crystalline 
when boiled for about one hour with a large excess of ethyl acetate. 
The residue then crystallised from methyl alcohol in long, slender 
prisms, which analysis showed to be the anhydrous compound : 


Found: C=57°55; H=7'15. 

C,,H,,0;N requires C=57'99 ; H=7:06 per cent. 

The compound may be converted into the hydrated varieties already 
described by solution in dilute alcohol and removal of the solvent. In 
this way a mixture of plates and needles was obtained, and on 
repeating the process the needle form alone was finally produced. 
Conversely, prolonged boiling of either of the hydrated forms with 
ethyl acetate resulted in almost complete conversion into the anhydrous 
compound. A 2 per cent. solution of the prismatic toluidide in methyl 
alcohol was strongly dextrorotatory, the maximum value observed being 
[a]> 181:9°. The mutarotation was extremely rapid, particularly in 
presence of traces of acid, the average end point being [a], — 45°. 
It was found possible to obtain a specimen of the compound containing 
a greater proportion of the levo-form than exists in the equilibrium 
mixture by evaporating the alcohol from a solution which had 
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attained the permanent rotatory power, and boiling the crystalline 
residue with ethyl acetate. After boiling for one hour, the liquid 
was filtered. The undissolved residue now gave a, 163°, whilst the 
filtrate yielded a crop showing [a], — 69°. The two specimens were 
identical in analytical composition, showed mutarotation in opposite 
directions, and gave the same equilibrium value in solution. The 
boiling with ethyl acetate evidently effected a transformation of the 
levo- into the dextro-isomeride, and did not consist merely in the ex- 
traction of one form by the solvent. This was shown by the fact that 
on prolonged boiling the amount of the levo-form present in the 
solution diminished, until ultimately practically the whole of the 
material was deposited in the form of the sparingly soluble dextro- 
variety. 

The results of the above experiments therefore show that, when 
prepared by the ordinary method, anhydrous glucose-p-toluidide con- 
tains excess of the dextrorotatory a-form; on the other hand, the 
B-isomeride is levorotatory, and shows a ready tendency to crystallise 
with water of crystallisation. 

Optical Effect of Condensing Glucose with p-Toluidine.—The polari- 
metric study of the condensation of glucose with p-toluidine afforded 
evidence as to the mechanism of the reaction. Five grams of glucose 
were dissolved in 50 c.c. of 83 per cent. alcohol, and the solution kept 


for several days. Excess of p-toluidine (8 grams) was then added, 
and the liquid kept at 14°, daily observations of the rotation being 
made : 


Time in days. ap» (2-dem. tube). Time in days. a» (2-dem. tube). 
0 +7°05° +1°40° 
1 7°70 -7°75 
2 5°00 10 — 10°25 
The well-marked increase and diminution in the dextro-sense 
would correspond with the formation in the first instance of the 
anhydrous prismatic a-form, which would undergo reversible change 
to give the equilibrium mixture of the a- and f-modifications. The 
latter form is then, according to the amount of water present, partly 
or completely hydrated, giving rise ultimately to the needle variety. 
Effect of Boiling Glucose-p-toluidide with Ether.—In the case of the 
glucoseanilides it was found possible to effect a partial separation of 
the a- and £-forms by extraction with a large excess of boiling ether. 
On applying the same process to the £-form of glucose-p-toluidide a 
different result was, however, obtained. Even after prolonged boiling, 
the ethereal filtrate was found to be quite inactive, and the extract 
then contained only a small quantity of oil in solution. The rotation 
of the undissolved residue nevertheless altered continuously during the 
treatment, at first increasing in the levo-sense and afterwards dimin- 
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ishing, until ultimately the substance showed a distinct dextrorotation. 
This change was not, however, due to interconversion of the a- and 
8-forms, but is attributable to extremely slow hydrolysis. This was 
shown by the fact that the equilibrium values attained in solution by 
specimens of the compound treated in this way also altered during the 
process, showing a continuous fall in the levo-sense : 
Time Time 

in hours. Initial ap. Final ap. in hours. Initial ap. Final ap. 

0 — 48°22 ——> -40°7° 4 -85°9° ——> -28°9° 

1 Ss o> 37°0 | 7 -67°0 —> -22°0 

2 sc > 36°0 100 +49 —— > +5°'8 

It was also found that the nitrogen content diminished steadily 

throughout the treatment with ether, and the above results are ex- 
plained on the assumption that slow hydrolysis took place. The rate 
of this hydrolysis naturally varied with the quantity and quality of 
the ether used. With carefully purified ether, however, no alteration 
in the optical vaiues of the toluidide were observed when special pre- 
cautions were taken to exclude moisture during the heating. The 
result is interesting as indicating the extreme sensibility of these 
compounds towards hydrolytic agents. 


Glucose-p-phenetidide. 


Our experience with this compound is somewhat at variance * with 
that recorded by Claus and Rée (Chem. Centr., 1898, ii, 695), who 
state that the substance crystallises, presumably in the anhydrous form, 
in needles melting at 160°. No previous examination of the rotatory 
powers of the compound seems to have been made. The method of 
preparation followed by us in the first instance was exactly the same 
as for glucose-p-toluidide. The crystalline product thus obtained 
softened at 95° and melted completely, and decomposed between 110°iand 
120°. Considerable difficulty was experienced in obtaining satisfactory 
analytical figures for the phenetidide when prepared either by the 
method mentioned above or by the process of slow condensation which 
is subsequently described. When the crystalline substance was dried 
in air, the figures obtained corresponded with the presence of one 
molecule of water of crystallisation : 

Found: C=52:40; H=7°30 ; OEt=14°58. 

C,,H,,0,N,H,O requires C =52:99 ; H=7:26 ; OEt=14°19 per cent, 

The substance lost in weight when preserved in a vacuum desiccator, 


* Other observers have had occasion to question the reliability of previous work 
on this compound. In a recent paper, St. Mostowski (Bull. Acad. Sci. Cracow, 
1909, 641) contradicts the generally accepted statement that ‘glucosephenetidide 
possesses powerful toxic properties. 
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and analyses of specimens dried in this way gave figures varying 
between values calculated for the hydrated and anhydrous forms. On 
heating for several hours at 60° in a vacuum, the loss in weight cor- 
responded with the removal of half a molecule of water, and the 
residue on combustion gave figures agreeing approximately with this 
supposition : 

Found: C=53'92; H=7:14. 

C,,H,,0,N,4H,O requires C=54:54 ; H=7:14 per cent, 

All attempts to ‘obtain the completely dehydrated form failed, 
although the method of preparation was modified in various ways. 
Considering the discrepancy between our results and those quoted in 
the literature, we redetermined the molecular weight in ethyl-alcoholic 
solution by the ebullioscopic method and obtained a normal result : 

Found: M.W.=312; C,,H,,O,N,H,O requires M.W. =317. 

In every other respect our preparation resembled that described by 
Claus and Rée. 

The specific rotation of the hydrated compound in methyl]-alcoholic 
solution (c = 3°4660) was — 96'1°, but this rapidly altered to the constant 
value, — 38°3°. On account of the low melting point of the compound, 
the usual method of increasing the proportion of the levo-form by 
boiling with ethyl acetate could not be applied, as the phenetidide 
fused under the liquid and the equilibrium mixture of the two forms 
was thus obtained. It was also found that when boiled with specially 
purified ether no transformation of the mutarotatory forms took place, 
although the use of commercial ether, probably on account of 
hydrolytic action, considerably increased the levorotation of the 
undissolved residue. 

The mutarotation mentioned above indicates the existence of a 
dextrorotatory variety of the phenetidide, and this was confirmed by 
observing the optical changes which took place during the condensation 
of the sugar with the base. A 3 per cent. solution of glucose was pre- 
pared in 83 per cent. alcohol, and 6 grams of p-phenetidine were dissolved 
in 100 c.c. of the solution. On keeping the liquid at 14°, it was found 
that the rotation decreased continuously ; after six days the solution 
was levorotatory, and on the eleventh day the product commenced to 
crystallise in beautiful long needles, With higher concentrations the 
condensation proceeded much more rapidly, and with a 9 per cent. 
solution of the sugar the change was complete in about eight hours, 
The following table contains the rotations then observed in a 2-dem. 
tube : 


Time in minutes. . Time in minutes. 
0 . 120 
30 4 240 
60 * 480 
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The slow initial decrease in the first stages of the reaction is 
evidently followed by a more rapid diminution. The total optical 
effect is due to : (1) formation in unequal amounts of the a- and B-forms 
of the phenetidide, (2) mutarotation of the uncombined sugar, (3) 
mutarotation of the phenetidide formed. Taking these factors into 
account, the readiest explanation of the above polarimetric results is 
that the form of the phenetidide first produced has a dextrorotation 
higher than that of glucose, and the reaction is thus brought into 
line with the condensation of the sugar with p-toluidine and with 
8-naphthylamine. 


Glucose-B-naphthylamide. 


The usual method of condensing glucose with amino-compounds 
proved efficacious in the preparation of glucose-B-naphthylamide. A 
solution of 20 grams of B-naphthylamine in 300 c.c. of alcohol (83 per 
cent.) was boiled under a condenser with 10 grams of glucose. After 
one hour’s treatment, the sugar had completely dissolved. Most of the 
solvent was then removed, and a large excess of ether added to the 
solution. A copious precipitate of delicate needles, closely resembling 
glucose-p-phenetidide, was at once deposited. The product, after 
collection and washing with dry ether, melted sharply at 117° 
Analysis of the air-dried specimen gave: 

Found : C=59:20; H=6°80: 

C,,H,,0;N,H,O requires C=59:44 ; H=6-50 per cent. 

In different preparations the rotatory power of the compound was 
fairly uniform, the initial value found for a 2°5 per cent. solution in 
methyl alcohol varying between [a]j) —111° and [a]? -—97°. Muta- 
rotation invariably occurred with these solutions, the constant value 
[a]> -—48:1° being reached in each case. The compound therefore 
exists in two stereoisomeric forms, one of which (the -form) is 
strongly levo- and the other (the a-form) probably dextro-rotatory. 

On boiling a specimen of the compound for five hours with a large 
excess of ether, the specific rotation of the undissolved residue increased 
from —96°7° to —118-7°. This behaviour is similar to that observed 
with glucosetoluidide, and is no doubt attributable to the same causes. 
As in this case the undissolved residue would contain free glucose, the 
value mentioned above must be taken merely as an indication of the 
fact that B-glucose-B-naphthylamide possesses a very high levo- 
rotation. 

Evidence that, in addition to the B-isomeride, a dextrorotatory 
a-form exists was obtained in the polarimetric study of the formation 
of the compound. A 3 per cent. solution of glucose in 83 per cent. 
alcohol was prepared and allowed to attain the constant rotatory 
power. Six grams of 8-naphthylamine were then dissolved in 100 c.c. 
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of this solution, the liquid being afterwards maintained at 15° for 
several days. The dextrorotation at first increased rapidly and then 
regularly diminished, the solution ultimately becoming levorotatory. 


Time in hours. a, (2-dem. tube). Time in hours. ap (2-dem. tube). 
0 +2°94° 9 +2°45° 
3 3°00 24 +1°05 
6 2°78 | 100 — 1°50 


The rotation solution subsequently deposited the compound in well- 
formed needles more than half an inch in length. Analysis showed 
that in this case, also, the compound contains one molecule of water of 
crystallisation. Other hydrated forms of the compound doubtless 
exist, as when crystallised from ethyl acetate a mixture of needles and 
plates was obtained. The latter variety could not be obtained 
unmixed with the needle form, but from the analogy of glucose-p- 
toluidide it probably contains half a molecule of water of crystallisa- 
tion. It will thus be seen that in every respect glucosenaphthylamide 
is closely analogous to the corresponding toluidide. 

An attempt to condense glucose with a-naphthylamine led to no 
definite result. The unaltered sugar was recovered in the crystalline 
state and no condensation products could be detected. 


Glucose-o-carboxyanilide. 


It is already known that glucose condenses with 2 : 3-diaminobenzoic 
acid, but does not react with other isomeric forms of the compound. 
The constitution of the product has given rise to considerable dis- 
cussion, and it is still doubtful if both of the amino-groups take part 
in the reaction. There seems every reason to believe, however, that 
the carboxyl group remains intact in the process. The problem is 
naturally simplified by the substitution of a monoamino-acid for the 
diamino-compound, and in the hope of obtaining some information 
regarding the mechanism of the condensation of sugars with amino- 
acids generally, we have prepared and examined glucose-o-carboxy- 
anilide. 

On boiling an alcoholic solution of glucose with anthranilic acid, 
extensive decomposition takes place, and very little product is 
obtained. At the ordinary temperature, however, the condensation 
proceeds smoothly, and the change may thus be followed polarimetri- 
cally. The results obtained in the following typical preparation 
show that at 18° the change is rapid, and although the activity 
decreases continuously, the diminution is comparatively slow in the 
early stages of the reaction, thus indicating that the form first pro- 
duced is more strongly dextrorotatory than glucose. A 9 per cent. 
solution of glucose was kept until constant in rotation. Twenty grams 
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of anthranilic acid were then dissolved in 150 c.c. of the solution, 
which was at once placed in a thermostat at 18°, a polarimetric 
sample being meanwhile kept at the same temperature in a 2-dem. 


jacketed tube. 
The following optical changes were then observed : 


Time in minutes. Gp. | Time in minutes. Gp. 
0 +8°25° | 60 +7°50° 
10 8°25 90 6°75 
20 8°15 | 130 6°25 
30 7°90 


After twenty hours the solution was levorotatory, and subsequently 
crystallisation of the product commenced. The compound separated 
in long needles, which, after washing with dry ether, melted at 
128—130°% Analysis of the air-dried product showed that one mole- 
cule of water of crystallisation was present : 

Found: C=49°:24; H=5°95. 

C,,H,,0,N,H,O requires C = 49:21 ; H=5-99 per cent. 


A determination of the amount of combined water in the compound 
was necessary, as the analytical figures quoted above do not exclude 
the possibility of condensation of the sugar with the acid through 
both the amino- and carboxy-groups, giving a product crystallising 
with two molecules of water. On account of the instability of the 
compound, this determination had to be conducted at 80° in a vacuum. 
The substance then lost 3°1 per cent. of its weight, the calculated 
result for one molecule of water being 2°9 per cent. 

Glucose-o-carboxyanilide is sparingly soluble in water, readily so in 
alcohol, and dissolves easily in sodium carbonate solution. The 
aqueous solution reacts feebly acid towards litmus, and, owing to 
molecular rupture, reduces Fehling’s solution at the boiling point. 
The formation of the compound evidently consists in condensation of 
the constituents through the amino-group only, and the carboxy-group 
remains intact. This was shown by the formation of a definite 
sodium salt. On adding two molecular proportions of sodium ethoxide 
to a 3 per cent. solution of the compound in absolute ethyl alcohol, 
an abundant amorphous precipitate separated, which was rapidly 
collected and washed with alcohol. The salt, which was highly 
deliquescent, was dried until constant in weight in a vacuum 
desiccator : 
Found: Na=7'11. 

C,,H,,0,NNa requires Na=7'16 per cent. 
The acid from which the sodium salt was derived must therefore 
possess the structure C,H,,0,-NH-C,H,°CO,H. 
This formation of a mono-sodium derivative from glucose-o-carboxy- 
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anilide not only confirms the presence of the carboxy-group, but has 
some bearing on the constitution of the sodium glucosate. It is 
evident that in the latter compound the metallic atom must occupy 
the glucosidic position, as this is the only part of the sugar molecule 
which is substituted in glucose-o-carboxyanilide. Any alternative 
structure for sodium glucosate, other than that suggested, would in- 
volve the formation of a disodium compound under the conditions of 
the above experiment. 

The optical study of glucose-o-carboxyanilide gave results closely 
analogous to those obtained with the other compounds described in 
this paper. All the preparations of the substance were dextro- 
rotatory, and displayed extremely rapid mutarotation in the levo- 
direction, the permanent values being rather irregular, doubtless on 
account of slight hydrolysis. The effect of boiling with ethyl acetate 
was to increase the proportion of the dextrorotatory form, and it was 
shown by analysis that this change was entirely due to stereochemical 
alteration and not to partial dehydration of the hydrated com- 
pound, The following typical example of these optical changes may 
be given : 

Solvent = methyl alcohol, c= 2°500, ¢ = 20°. 

Initial specific rotation: [a]? +35°1°; permanent value, + 11°1°. 

After boiling for three hours with excess of ethyl acetate the same 
specimen gave: 

Initial specific rotation, +87°4°; permanent value, +14°5°. 

The dextro-variety is therefore the form first produced, and is the 
less soluble form. We propose the name a-glucose-o-carboxyanilide for 
this dextro-form, and we consider that the interconversion of the two 
isomerides is consistent with the idea that they contain the y-oxydic 
linking. 


The expenses of the above research were defrayed by a special 
grant from the Carnegie Trust, for which the authors desire to express 
their thanks, 
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CLXXV.—The Relation between Viscosity and Chemical 
Constitution. Part IV. Viscosity and Hydration 
in Solution. 


By Apert Ernest Dunstan and FerpiInaNp BERNARD THOLE. 


THE problem of the existence or the non-existence of complexes in 
solution has in recent years been raised from the sphere of controversy 
into the region of experimental verity. In a monograph published by 
Washburn (Zech. Quart., 1908, 21, 360 et seg.) a critical summary is 
given of the diverse methods on which so many chemists have based 
the conclusion, that not only may a compound have a continued exis- 
tence as such in a solution, but also it may, in accordance with the 
laws of combination, form a more or less stable aggregate, which will, 
in general, exist in equilibrium with the solvent and the simple com- 
pound. . During several years one of the present authors has been 
collecting data on the viscosity of solutions, and has at various times 
brought forward instances where viscosity-concentration curves attain 
a maximum, and it has been found invariably to be the case that such 
maxima occur at or near points of simple molecular composition. 
Moreover, viscosity in general increases with molecular weight, and 
liquids of known associative power have usually a considerably higher 
viscosity than those of a simpler type. The conclusion that such 
maxima indicate the existence of aggregates in the solution is thus a 
natural one, and has been supported in recent years by the work of 
Getman (J. Chim. phys., 1906, 4, 386), Kremann and Ehrlich (Sitz- 
ungsber. Wien. Akad., 1907, 116, 740), Beck and Ebbinghaus (Zeitsch. 
physikal. Chem., 1907, 58, 436), and Tsakalotos (Bull. Soc. chim., 
1908, [iv], 3, 224, 242). Some objections have been raised, however, 
against this view. Senter (Physical Chemistry, 1908, p. 306) draws 
attention to the statement of Arrhenius that non-electrolytes in 
general raise the viscosity of water, and hence a maximum point is 
almost certain to be attained on the viscosity-concentration curve. 
But it is precisely because combination or association goes on that the 
viscosity rises even when the viscosity of the added component is less 
than that of water. The maximum point is reached when the propor- 
tions of the liquids are in the most favourable ratio demanded by the 
laws of combination and of mass action. Washburn (loc. cit.), in 
connexion with such changes of curvature, states “although the 
existence of points of discontinuity can be denied, yet striking 
irregularities sometimes occur,” and further, quotes the work of 
Kiister and Kremann (Zeitsch. anorg. Chem., 1904, 41, 31), who found 
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very distinctly marked discontinuities in the curves connecting the 
expansion coefficients with concentrations for aqueous solutions of 
nitric acid. These irregularities occurred at the concentrations 
required for the existence of HNO,,H,O and HNO,,3H,O0. Precisely 
similar results were obtained by Kremann and Ehrlich (oc. cit., 749), 
who determined the existence of the complex H,SO,,H,O, a hydrate, 
the reality of which has been indicated by almost every variety of 
physico-chemical method (Dunstan and Wilson, Trans., 1907, 91, 83). 
Thus there can be little doubt as to the physical meaning of the 
maximum points on such property-concentration curves. As to the 
occurrence of minor changes of curvature, they may be denied 
altogether (Washburn, p. 409), although this involves the denial of 
the irreproachable accuracy of Pickering’s work; they may be set 
down to erroneous methods of plotting (Hartley, Thomas, and 
Applebey, Trans., 1908, 93, 541), or, finally, they may have a real 
existence. 

Much of the present conflicting data must be revised before 
a final answer can be given. In the present communication the 
authors have endeavoured to collect further evidence bearing on 
the actual existence of genuine complexes in solution. To this end 
four pairs of liquids have been examined, and these four pairs have 
been chosen because so much work has been carried out with them at 
various temperatures by a considerable number of investigators, for 
example, Poisseule (Mem. Instit. Paris, 1846, 9, 433), Graham (Phil. 
Trans., 1861, 151, 373), Wijkander (Wied. Beibl., 1879, 8, 3), Noack 
(Ann. Phys. Chem., 1886, [iii], 2'7, 289), Traube (Ber., 1886, 19, 871), 
Arrhenius (Zeitsch. physikal. Chem., 1887, 1, 285), Varenne and 
Godefroy (Compt. rend., 1903, 13'7, 993), Dunstan (Trans., 1904, 85, 
817; 1905, 87, 11), and Getman (loc. cit.). With the exception of 
very slight details, the curves obtained by the above chemists are 
identical, and the general agreement that these liquid mixtures afford 
well defined maxima is irreproachable. 

The viscosity-concentration curves for these pairs of liquids have 
been determined at 20°, 25°, and 30°, and the chief object has been to 
settle whether any appreciable shift of maximum takes place with 
varying temperature. Some difference of opinion seems to exist on 
this point. Senter (/oc. cit.) draws attention to this possible variation of 
the position of the maximum point, and considers that any alteration 
therein invalidates the conception of definite hydrates in solution. It 
appears to the present authors that the lability of a complex in 
solution is so great that any alteration in temperature or in concen- 
tration may alter the equilibrium to a more or less pronounced extent. 
For example : 
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Arrhenius found that the maximum point in the system 
C,H,-OH-H,O 
changed as follows : 


Maximum at Traube : C,H;‘OH - H,0. 


ver cent. alcohol. Temperature. ° 
I peratur Maximum 


36 0° for ethyl alcohol. Temperature. 
42 17 36 0° 
50 5 41 10 
46 20 
Traube: CH,‘OH - H,0. 46 ” 
Maximum at per C,H,"OH — H,0. 
cent. methyl alcohol. Maximum 
32 0° for n-propyl alcohol. 
34 10 48 0° 
37 20 50 10 
40 30 54 20 


Getman for the system methyl alcohol-water found the maximum 
point practically unchanged for a range 0—63°, and so, also, Wijkander 
observed in the case of the system acetic acid—water. Domke and 
Bein for the system sulphuric acid—water noticed that the discon- 
tinuities already referred to were invariant with regard to temperature 
changes, and Kremann and Ehrlich showed that the viscosity maxi- 
mum at H,SO,,H,O did not change within the limits 0—75°; this 


same maximum was further demonstrated by Domke and Bein, 
Knietsch (Ber., 1901, 34, 4069), and Dunstan and Wilson. Moreover, 
Kremann and Ehrlich noted that the maximum points in the systems 
aniline—phenol and aniline—cresol were invariant through a temperature 
range of 88°. The results brought forward in the present communica- 
tion show that the variation of the maximum point in the four cases 
specified is so small as to be almost negligible. It is certainly difficult 
to demonstrate any appreciable change on a curve. The conclusion 
seems to be that, not only do these aggregates exist in solution, but 
also they have a certain temperature range of stability, which is 
greater for aqueous solutions of acids than for similar solutions of 
alcohols. 
EXPERIMENTAL, 


The method and apparatus have been described previously (Trans., 
1904, 85, 817; 1905, 87, 11; 1907, 91, 1730). New stop-watches 
supplied and kept in order by Messrs. Dent have been used, and 
temperature variations have been kept within 0°01° by means of a 
large thermoregulator checked by a Beckmann thermometer. Follow- 
ing a suggestion by Hartley, conductivity water has been employed 
both as a solvent and for rinsing the viscometers. The materials were 
Kahlbaum’s purest preparations. Appropriate dehydration and 
fractionation were employed. 
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Methyl Alcohol (b. p. 65°4°/765 mm.) and Water. 


20°. 5°. 30°. 
Per cent. ee eas Ceenee 
CH,°OH. Sp. gr. n. Sp. gr. Sp. gr. nN. 
100-00 0°7923 0°005852 0°7878 0°7835 0°005151 
79°64 0°8481 0°01115 0°8435 0° 0°8391 0°009098 
58°61 0°8977 0:°01593 0°8940 0-01: 0°8901 0°01249 
37°82 0°9384 0°01816 0°9355 ‘ 0°9325 0:°01379 
19°74 0:9671 0°01587. 0°9650 0°0137 0°9628 0:°01198 
0°00 0'9983 0:°01002 0°'9972 0° 0°9958 0:°00798 


Ethyl Alcohol (b. p. 79°2°/772 mm.) and Water. 

Per cent. 

C,H;°OH. 
99°20 0°7922 0°01241 0°7876 0°01115 0°7832 0°009905 
78°09 0°8481 0°02004 0°8439 0°01804 0°8399 0°01530 
61°85 0°8871 0°02510 0°8828 0:°02173 0°8786 0°01834 
45°57 0°9237 0:02797 0°9266 0°02351 0°9165 0°01987 
39°65 0°9359 0°02789 0°9323 0°02343 0°9293 0°01936 
20°71 0°9677 0°02162 0°9654 0°01829 0°9629 0°01505 
0°00 0°9983 0°01002 0°9972 0°00891 0°9958 0:00798 


n-Propyl Alcohol (b. p. 97°7°/759 mm.) and Water. 
Per cent. : 
C,H, OH. 
100°00 0°8057 0°02180 
73°13 0°8623 0°02938 
59°38 0°8918 0°03148 


011 0°01936 0°7970 0°01736 
584 0°02509 0°8543 0°02169 
867 0°02652 0°8831 0°02306 


17°40 0°9746 0°02010 
0°00 0°9983 0°01002 


723 0:01697- 0°9699 0°01440 
972 0°00891 0°9958 0:°00798 


0'8 
0°8 
0°8 
28°62 0°9536 0°02548 0°9494 0°02118 0°9476 0°01812 
0°9 
0°9 


Acetic Acid (b. p. 118—118-5°/759 mm.) and Water. 

Per cent. 

C,H,0,. 
99°15 10522 0°01338 1°0466 0:°01223 1:0407 0:°01140 
80°00 10699 0:°02675 1°0647 0:°02319 1°0596 0°02064 
60°80 1°:0648 0°02392 1°:0602 0:°02077 1°0557 0°01842 
35°17 1°0433 0°01742 1°0401 001529 10377 0°01361 
19°88 10260 001407 1°0233 0°01234 1°0209 0°01099 
0°00 0°9983 0:°01002 0°9972 0:°00891 0'9958 0°00798 


An examination of the viscosity-concentration curves (Figs. 1 and 2) 
shows that in each case* the set of three curves affords the same 
maximum point in agreement with Getman. The slight differences 
between these results and those of Traube at the same range of tem- 
perature amount only to 2°7 per cent. for methyl alcohol, 3:3 per cent. 
for ethyl alcohol, and 3 per cent. for n-propyl alcohol. It is evident 
that these small amounts might easily be caused by errors in plotting 
the curves, Further, it should be noticed that the curves flatten 
considerably as the temperature rises, the equilibrium alcohol eH,O — 


* The curves for methyl and n-propyl alcohols are precisely similar in character 
to that for ethyl alcohol, and are therefore not reproduced. 
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alcohol +a”H,O tends to the vanishing point; indeed, Getman found 
that at 65° the methyl! alcohol-water curve was not far removed from a 
straight line. This most important observation brings out still more 
forcibly the authors’ contention that an explanation of maximum 
points is to be sought for in complex formation, for obviously at 
sufficiently high temperatures such association would be largely 
inhibited. A consideration of the curves shows that the viscosity 
temperature-coefficient for the pure components is relatively small, 
but that it progressively increases up to the maximum point. Now 
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0°02000 }— 
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0°01200 
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Percentage of acetic acid. 


this quantity, dy/d6, gives a further indication of the validity of the 
authors’ contention. In the case of all associated liquids, dy/d6 is 
much greater than for unimolecular compounds. 


Liquid. dn/dé for 10—0°. 


Methy] alcohol 0°00127 
Ethyl a 0°00321 
n-Propyl ,, 0°00965 
Propionic acid , 0°00333 
Methyl formate 0°00045 
Ethyl 0:00057 


9? 


Propy! chloride ; 0°00056 
Methyl icdide 0°00058 
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Thus the value of the temperature-coefficient is a certain test for 
association. 
Consider now the values for dy/d@ in the cases of the four pairs of 


liquids chosen. 
Value of 
Liquid pair. dn/dé at 20—30°. 
beietiaabe athe 0°006114 
0°00537 
0°00780 
0°00900 


0°02700 


0°01900 


< 


~ 
> 
~~ 
‘= 
ea) 
SS 
> 
2 
S 


0°01500- 


0°01100 


0°00700 
0 40 60 


. Percentage of ethyl alcohol. 


The relatively great value for the last-mentioned pair is due to the 
lower stability of the complex, and the enhanced value of the viscosity 
itself at the maximum is explicable on two counts: (1) the larger 
molecular volume, (2) the greater asymmetry of the complex. 


PuHysIcAL CHEMISTRY LABORATORY, 
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CLXXVI.—Studies on the Cobaltinitrites. 


By Mary Cunnincuam and FREDERICK MoLtiwo PERk1n. 


Cobaltinitrites of Organic Amines. 


As ammonium and potassium cobaltinitrites are very insoluble 
salts and are readily prepared by the interaction of ammonium 
or potassium salts respectively and sodium cobaltinitrite, it seemed 
that in all probability primary amines would react in a similar 
manner, and it also appeared likely that there would be a difference 
in the action of primary, secondary, and tertiary amines, in which 
case sodium cobaltinitrite could be employed as a reagent for 
distinguishing between the different classes of amines. Indeed, 
it was found that when a concentrated solution of a salt of a 
primary amine was added to a concentrated solution of sodium 
cobaltinitrite, a crystalline compound was precipitated having the 
formula (AlkNH,),Co(NO,),. The compounds, however, are not 
very stable, and must be removed from the mother liquor, washed, 
and dried on a porous plate as quickly as possible. Secondary 
amines of the aliphatic series give a similar precipitate, but as a 
rule they are much more soluble, and consequently very highly 
concentrated solutions both of the amine and sodium cobaltinitrite 
must be employed; it is also advantageous to cool the solutions 
with ice. Tertiary amines, as might be expected, have no action. 

With aromatic amines the reaction is rather different, the 
primary aromatic amines giving compounds which have the general 
formula (Ph*NH;),Co(NO,),. Generally speaking, they are much 
less stable than the compounds produced with the aliphatic amines. 
Secondary aromatic amines yield a precipitate which almost imme- 
diately decomposes, a nitroso-compound being formed. With 
methylaniline, nitrosomethylaniline is produced, and dimethyl- 
aniline yields p-nitrosodimethylaniline, so that, in the case of the 
aromatic series, we really have a method for distinguishing between 
primary, secondary, and tertiary amines. 


Inorganic Cobaltinitrites. 


Potassium cobaltinitrite is one of the longest known of the 
cobaltinitrites, but there appears some little doubt as to its actual 
composition when prepared by the addition of a solution of a 
potassium salt to a solution of sodium cobaltinitrite, the formula 
being variously given as K,Co(NO,),, and NaK,Co(NO,),,H,0. 

Rosenheim and Koppel (Zeitsch. anorg. Chem., 1898, 17, 42), 
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who prepared it under conditions in which there could be no sodium 
present, by suspending pure cobalt carbonate in a small quantity 
of water, adding the calculated quantity of potassium hydroxide, 
carbonate, or nitrite, and then passing in nitrogen trioxide prepared 
from arsenious oxide and nitric acid, obtained a compound having 
the formula K,Co(NO,),. Adie (Trans., 1900, 77, 1076) added 
a potassium salt to a solution of sodium cobaltinitrite, and obtained 
a compound to which he gave the formula K,NaCo(NO,),,H,O. 
None of these authors, however, started with the pure sodium 
salt, but we have succeeded in preparing pure sodium cobaltinitrite, 
and analysis showed it to possess the formula Na,Co(NO,),. 

Experiments were then undertaken, employing this pure product 
as starting material, in order to ascertain whether potassium 
cobaltinitrite is the tripotassium salt or the dipotassium sodium 
compound. We find that if excess of a potassium salt is present, 
the tripotassium cobaltinitrite, K,Co(NO,),, is formed, but that 
with excess of sodium cobaltinitrite the salt K,NaCo(NO,), is 
produced; when neither is in considerable excess the analytical 
figures show that frequently a mixture of the two salts is obtained. 

Apparently Adie (Joc. cit.) always employed an excess of the 
sodium salt, a solution of which he prepared, but did not isolate 
the solid compound, and this accounts for his analytical numbers. 
The salts obtained by us did not, as a rule, contain water of 
crystallisation. 

We do not consider that the precipitation of potassium 
cobaltinitrite is a method which can be recommended for the 
analysis of potassium or cobalt compounds. In the first place, the 
precipitate may be a mixture of the tri- and di-potassium salts. 
Secondly, the potassium salt is extremely difficult to wash. It 
will, in the first place, settle fairly well, and can easily be 
washed once by decantation. On filling up the vessel with water, 
however, the precipitate settles only slowly. On the third 
washing, it settles still less satisfactorily, and shows a strong 
tendency to become colloidal. Finally, it becomes almost an 
impossibility to filter it satisfactorily. Adie (Joc. cit.) also refers 
to the difficulty of obtaining a clear filtrate, although he recom- 
mends the use of the salt in analysis. 

We have also prepared and analysed silver cobaltinitrite; this 
substance, according to Rosenheim and Koppel (Zeitsch. anorg. 
Chem., 1898, 17, 43), is not formed by the addition of sodium 
cobaltinitrite to silver salts, silver nitrite being produced. 

Lead cobaltinitrite has also been prepared, and we find that 
when freshly precipitated it contains varying amounts of water 
of crystallisation, which, however, are gradually lost when it is kept 
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in a desiccator over phosphoric oxide until it finally contains four 


molecular proportions. 
Thallium cobaltinitrite has the formula Tl,Co(NO,),. 


EXPERIMENTAL. 
Methylamine Cobaltinitrite, (CH,*NH3;),Co(NO,),. 


To a nearly saturated solution of methylamine hydrochloride 
an excess of a nearly saturated solution of pure sodium cobalti- 
nitrite was added. Almost immediately a deep yellow, crystalline 
precipitate was produced. After stirring for three or four minutes, 
it was collected by the aid of the pump and rapidly washed with 
a very small quantity of ice-cold water and then with 50 per cent. 
alcohol. It was then spread on a porous plate, from which it was 
removed in the course of an hour or so and placed in an evacuated 
desiccator over sulphuric acid or phosphoric oxide. The yellow 
powder so obtained is quite stable when kept free from moisture, 
but in presence of even a trace it slowly decomposes with evolu- 
tion of nitrous fumes, forming a red, pasty mass; this contains a 
small quantity of an oily liquid, which has an odour rather 
resembling that of nitromethane, and may possibly be this sub- 
stance, but the quantities obtained were too small to examine. 
On heating, the substance gradually decomposes and shows no 
definite melting point. Methylamine cobaltinitrite is extremely 
soluble in water, and is at once decomposed by organic solvents. 
It can, however, be precipitated in presence of acetic acid. It 
decomposes violently with strong mineral acids; dilute acids 
decompose it with evolution cf nitrous fumes. 

For analysis, a weighed quantity was moistened with concen- 
trated sulphuric acid and heated until all the nitrous fumes were 
driven off. To drive off all the nitrous fumes, it is necessary to 
heat until fumes of sulphuric acid are also evolved. The cobalt 
was then deposited electrolytically. A platinum gauze cathode 
and rotating anode were employed, and the cobalt was deposited 
in about half an hour. 

Before electrolysis, the acid solution was diluted with water, 
rendered faintly alkaline with ammonia, then faintly acid with 
phosphoric acid, and about 5 grams of sodium dihydrogen phosphate 
were added. It was found that if the nitrite was not completely 
decomposed, the electrolysis required several hours, and the results 
were not satisfactory : 

Found, Co=13°57. 

C;H,,0,.NgCo requires Co=13°68 per cent. 


. 
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Ethylamine Cobaltimitrite,* (C.H;*NH,)sCo(NO,),. 


This was prepared in a similar manner to that adopted in the 
previous case. It consists of small, glistening, orange-coloured 
needles, and in properties closely resembles the methylamine com- 
pound : 

Found, Co=12°80. 

CH 40;,N,gCo requires Co=12°47 per cent. 


Diethylamine Cobaltinitrite, |(C,H;),NH,|,;Co(NO,),. 


Diethylamine hydrochloride reacts with a concentrated solution 
of sedium cobaltinitrite, yielding an orange-yellow, crystalline com- 
pound, which is very similar in properties to the cobaltinitrites of 
the primary amines. It is, however, readily soluble in acetic acid, 
whereas the primary cobaltinitrites are not: 

Found, Co=10°62. 

C12H3g0;,NgCo requires Co=10°59 per cent. 


Aniline Cobaltinitrite, (CsH;*NH3;),Co(NOz),. 


Owing to its extreme instability in presence of water, this sub- 
stance is much more difficult to prepare than the cobaltinitrites of 
the aliphatic amines. Quantities of aniline hydrochloride and 
sodium cobaltinitrite corresponding with the equation: 

3C,H;*NH,,HCl+ Na,Co(NO,), = (C,H;*N H;),Co(NO,),+ 3NaCl 
were dissolved separately in as little ice-cold water as possible. The 
solutions were then mixed in a beaker surrounded with ice, stirred 
for a few minutes, and filtered as quickly as possible. The 
product, after being washed with a little ice-cold water, was trans- 
ferred to a porous plate and placed in a desiccator. When dry, it 
was removed from the porous plate and kept in a desiccator over 
phosphoric oxide. Even when working in this rapid manner it 
is not always possible to prevent the compound decomposing; if, 
however, it is once quite dry, it will keep for some time. 

The product is a yellow, crystalline powder, which becomes black 
in a few days even when kept in a desiccator. It is fairly readily 
soluble in water, but cannot be recrystallised from this solvent. 
All organic solvents decompose it. If attempts are made to wash 
the substance with alcohol or ether a tarry product is produced. 

Very considerable difficulty was experienced in analysing this 


* This substance has already been prepared by K. A. Hofmann and O. Burger 
(Ber., 1907, 40, 3298) by suspending cobalt carbonate in water, adding ethylamine, 
and passing in nitrogen trioxide. 
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substance, because concentrated sulphuric acid decomposes it with 
extreme violence, and dilute sulphuric acid has very little action 
on it, except when boiled with it for some time, and then the 
tarry products produced make it difficult to filter the solution. 
The most suitable method was found to be to mix the substance 
with dilute sulphuric acid, and then to add concentrated acid 
drop by drop. This prevented explosive decomposition, and the 
substance dissolved with a deep red coloration. The solution was 
then rendered strongly alkaline with ammonia, sodium dihydrogen 
phosphate added, and a few drops of 10 per cent. phosphoric acid 
to make the solution faintly acid. It was then electrolysed, using 
a rotating anode and a gauze cathode. With a current of about 
two amperes, the deposition was complete in about half an hour: 
Found, C=34°92; H=4°78; N=20°21; Co=9°41. 
C,gH,O;,.NgCo requires C=35°00; H=3°89; N=20°42; Co=9°56 
per cent. 


p-Toluidine Cobaltinitrite, (CH,°C,H,*NH,),Co(NO,),. 


This substance was prepared in a similar manner to the aniline 
compound. It forms orange-yellow necdles, and resembles the 
aniline compound in properties. It was analysed, with the follow- 
ing result: 

Found, Co=9°49. 

C.;H0;,N,Co requires Co=8'95 per cent. 


p-Bromoaniline Cobaltinitrite, (CsH,Br°N H,),Co(NO,),. 


This compound is much more stable than either of the preceding. 
It is an orange-yellow substance, forming needle-shaped crystals, 
which are only sparingly soluble in water; there is consequently 
no difficulty in washing it. It is decomposed by organic solvents, 
but can be kept for weeks in a desiccator without decomposition. 
When added to concentrated sulphuric acid it inflames: 

Found, Co=6'68. 

C,3H,;0,.N,Br,Co requires Co=6'91 per cent. 

The nitroanilines give no precipitate with sodium cobaltinitrite ; 
probably they do not react owing to their negative character. 

Methylaniline—When a concentrated solution of methylaniline 
hydrochloride is cooled in ice and a similarly cooled solution of 
sodium cobaltinitrite added to it, a yellow precipitate is produced, 
which, however, almost immediately decomposes with the formation 
of an oil. The decomposition is so rapid that it is not possible to 
collect the substance. The oil was extracted with ether, and the 
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ethereal solution well washed with water and aqueous sodium 
carbonate; on evaporating the ether, a yellow oil was obtained 
which gave Liebermann’s reaction; it was therefore a nitroso- 
compound. 

This decomposition of the cobaltinitrite with formation of the 
nitroso-compound was not noticed with the aliphatic secondary 
amines. 

Dimethylaniline—On adding a_ concentrated solution of 
dimethylaniline in acetic acid to an aqueous solution of sodium 
cobaltinitrite, a dirty yellow precipitate is formed, which, on 
rendering the solution alkaline with sodium carbonate, gives a 
deep green solution. If this solution is extracted with ether and 
the ethereal solution evaporated, crystals of p-nitrosodimethy]l- 
aniline are produced. 


Potassium Cobaltinitrite. 


On adding an excess of a solution of sodium cobaltinitrite to a 
solution of a potassium salt, a canary-yellow precipitate is at once 
produced. This rapidly settles, but is very difficult to wash free 
from sodium salts, owing to its tendency to become colloidal. The 
well-washed substance was spread on a porous plate, and, when 
dry, placed in an evacuated desiccator over sulphuric acid for 
twenty-four hours. For analysis the substance was treated with 
a small quantity of concentrated sulphuric acid, and heated in a 
platinum basin until white fumes of sulphuric acid were evolved. 
It was then cooled, water added, and, after the addition of excess 
of ammonia, electrolysed. 

The potassium was estimated by treating a separate portion with 
hydrochloric acid and precipitating as potassium platinichloride. 
This method was found to be more satisfactory than evaporating 
the electrolysed solution to dryness and expelling the ammonium 
salts by ignition. 

It has already been mentioned on p. 1563 that the constitution 
of the potassium salt varies, depending on whether the sodium 
cobaltinitrite or the potassium salt is in excess. 

The following analyses, taken from a large number of deter- 
minations, bear this out. In the first case, the potassium salt was 
in excess. In the second case, an excess of the sodium salt was 
present, and in the third and fourth cases the proportions were 
about equal; these last show that the substance obtained was a 
mixture of tripotassium cobaltinitrite and of dipotassium sodium 
cobaltinitrite : 

I. Found, Co=13°25; K=25°55. 

K,Co(NO,), requires Co=13°05; K=25°88 per cent. 
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II. Found, Co=(i) 13°7, (ii) 13°6; K=17°78. 
K,NaCo(NO,), requires Co=13'53; K=17°88 per cent. 
IIT. Found, K=19°77. IV. Found, K= 20°71. 


Sodium Cobaltinitrite. 


Sodium nitrite (150 grams) is dissolved in hot water (150 c.c.), 
and the solution cooled to about 45° to 50°, when cobalt nitrate 
(50 grams) is added, and the mixture stirred until the salt has 
dissolved. Glacial acetic acid (25 c.c.) is now added, and after 
thoroughly shaking, the mixture is kept for twenty minutes. If 
necessary, it is filtered from traces of potassium cobaltinitrite, due 
to the presence of potassium salt in the sodium nitrite. A rapid 
current of air is then aspirated through the filtrate for half an 
hour to remove oxides of nitrogen, and then 95 per cent. alcohol 
(150 c.c.) is added, the solution being shaken during the addition. 
It is then shaken occasionally for an hour, and the voluminous 
precipitate of sodium cobaltinitrite collected with the aid of the 
pump. It is then washed once with a small quantity of 60 per 
cent. alcohol, and two or three times with 95 per cent. alcohol, and 
finally dried on a porous plate. The yield is about 60 per cent. 
of the theoretical. An analysis of the air-dried product showed 
it to have the composition Na,Co(NO,),: 


Found, Co=14°41; Na=16°98. 
Na,Co(NO,), requires Co=14°52; Na=17'09 per cent. 


In Dammer’s Handbuch (Vol. 4), the formula is given as 
Na,Co(NO,),,2#H,O, but in all probability the substance had not 
been properly dried before analysis, or it may be that washing 
with alcohol, as we find advisable, removes water of crystallisation, 
which would otherwise be present. The compound is a pale orange- 
yellow, crystalline powder, extremely soluble in water, from which, 
however, it can be reprecipitated by the addition of much alcohol. 


Silver Cobaltinitrite. 


On adding a solution of silver nitrate to a concentrated solution 
of sodium cobaltinitrite, an orange-yellow precipitate is produced. 
This salt is fairly soluble in water, and was therefore purified by 
washing it with 50 per cent. alcohol. For analysis, the salt was 
decomposed with nitric acid, the silver precipitated as chloride, 
which was washed, dissolved in potassium cyanide, and the silver 
deposited electrolytically. The solution containing the cobalt was 
evaporated to dryness, treated with sulphuric acid, and heated to 
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expel nitric acid. It was then diluted, rendered alkaline with 
ammonia, and electrolysed : 
Found, Ag=49°08; Co=9-00. 
Ag;Co(NO,), requires Ag= 49°14 ; Co=8'95 per cent. 


Thallium Cobaltinitrite. 


This, prepared by mixing solutions of thallium carbonate and 
sodium cobaltinitrite, is bright scarlet. It has already bven 
described by Jorgensen (Zeitsch. anorg. Chem., 1894, 5, 146), but 
as, apparently, it was not analysed, we estimated the thallium 
electrolytically. The compound was decomposed with nitric acid 
and electrolysed, using a mercury cathode and a rotating anode: 


Found, Tl=64°4; Co=6°12. 
Tl,Co(NO,), requires Tl1=64°62; Co=6'23 per cent. 


Lead cobaltunitrite is easily prepared by adding a solution of a 
lead salt to a solution of sodium cobaltinitrite. It is an orange- 
yellow, semi-crystalline powder, which is very sparingly soluble in 
water. The substance was analysed by decomposing it with nitric 
acid, and the solution made up so that it contained about 30 per 
cent. of nitric acid. It was then electrolysed, using a roughened 
platinum dish as anode, and weighed as lead peroxide. We had 
great difficulty in obtaining concordant results, but we found that 
this was due to the fact that when freshly precipitated it contained 
variable quantities of water, which, however, was gradually lost 
when the compound was kept in a desiccator over phosphoric oxide, 
until finally it contained 4H,O. Rosenheim and Koppel (Zeztsch. 
anorg. Chem., 1898, 17, 48) found 12H,O in a specimen prepared 
by them. We have analysed samples containing about 11H,0, 
but we never cbtained one with 12H,O. The following figures were 
obtained with samples which had been dried for from two to three 
days in a desiccator containing phosphoric oxide: 

Found, Pb =(i) 44°91, (ii) 44°78. 

Pb,[Co(NO,)¢]2,4H,O requires Pbh=45°56 per cent. 

When solutions of sodium cobaltinitrite are added to concen- 
trated solutions of carbamide, nitrogen is evolved. With hydroxyl- 
amine, the evolution of nitrogen is very rapid. With semicarbazide, 
ammonium cobaltinitrite is precipitated. 

CHEMICAL DEPARTMENT, 


BorovueH PoLYTEOHNIC INSTITUTE, 
Lonpon, S.E. 


VOL, XCV. 5 L 


HILDITCH : THE EFFECT OF CONTIGUOUS 


CLXXVII.—The Effect of Contiguous Unsaturated 
Groups on Optical Activity. Part II. Acids 
containing Two Adjacent Ethenoid Groups. 


“By Tuomas Percy Hixprrcn (1851 Exhibition Scholar). 


In continuation of the scheme outlined in the first communication of 
this series (Trans., 1909, 95, 331), the author has examined some 
optically active derivatives containing the unsaturated system 
‘CH:CH:‘CH:CH:. 
A considerable number of compounds have been utilised, in which, on 
the one hand, the optically active part of the molecule, and on the 
other, the groups adjacent to the conjugated ethenoid system, have 
been varied. The corresponding reduction products have also been 
prepared, and since in all cases the rotatory power of the conjugated 
derivative varies in the same manner with respect to the reduced 
compounds, it follows that the constant effect produced must be due 
to the adjacent ethylenic groups, the only system which remains 
unchanged throughout the examples studied. 

An objection to the use of carboxylic acids lies in the fact that an 
unsaturated carboxyl residue must invariably intervene between the 
optically active alcohol or base and the studied unsaturated system, 
and possibly exert varying effects in different instances, but this 
failing may to a great extent be overcome by consideration of the 
rotatory power of the reduced esters or salts, 

Four different series of acids were used, namely : 

(a) Sorbic acid, CHMe:CH-CH:CH:-CO,H, ete. ; 

(6) Muconie acid, CO,H*CH:CH:CH:CH:CO,H, ete. ; 

(ec) Piperic acid, CH,:0,:C,H,-CH:CH°CH:CH:-CO,H, ete. ; and 

(d) Cinnamylidenemalonic acid, CHPh:CH*CH:C(CO,H).,, ete. 

In most cases all the possible reduced acids were also utilised, 
including the af-dihydro-acids, the Py-dihydro-acids, and the fully 
reduced acids, R-[CH,],-CO,H. 

Menthol and brucine served as the sources of optical activity, and, in 
order to obtain an idea of the normal molecular rotatory power of 
menthyl esters and brucine salts, use has been made of the principle 
laid down by Guye (Compt. rend., 1894, 119, 906), Tschugaeff (Ber., 
1898, 31, 360), and Minguin (Bull. Soc. chim., 1902, [iii], 2'7, 593) 
that the molecular rotation of active derivatives of an homologous 
series, such as the normal fatty acids, attains a constant value, and the 
mean value of the menthyl esters and brucine salts of acetic to 
n-hexoic acid has been adopted as the normal value in each case. 


UNSATURATED GROUPS ON OPTICAL ACTIVITY. PART Il. 1571 


These numbers, deduced from measurements made by the author in 
the same solvent (chloroform) and at the same concentrations and 
temperature (15°) as the main results, are given in the following 
table : 


Menthy] ester. Brucine salt. 
A. A. 


a 7 & ~? 
Acid, 5 percent. 24 percent. O5percent. 24 percent, 
Acetic ~ 157°0 — 258°0 — 260°6 
Propionic 4 157°2 248°1 252°3 
n-Butyric 161°7 247°4 251°2 
n-Valeric 162°1 247°4 251°6 
n-Hexoic ‘ 168°1 246°8 252°8 


Mean value ... — 160°46 —161°22 — 249°54 — 253°70 


It may be pointed out that the menthyl ester values agree well 
with those of Tschugaeff (Joc. cit.) measured without solvent, and 
those of Rupe (Annalen, 1903, 32'7, 164) determined in alcoholic 
solution. 

EXPERIMENTAL, 


The three unsaturated acids of the muconic acid group were prepared 
from the dimethyl ester of By-hydromuconic acid as described by Bode 
(Annalen, 1864, 132, 95), Ruhemann (Trans., 1890, 57, 931), and 
Baeyer and Rupe (Annalen, 1890, 256, 7). Adipic acid was obtained 
by the oxidation of cyclohexanol (Holleman, van der Laar, and Slyper 
Ree. trav. chim., 1905, 24, 23). 

The By-hydro-acids and piperonylbutyric acid were prepared from 
sorbic, piperic, and cinnamylidenemalonic acids by reduction with 
sodium amalgam, and the Py-acids were converted into the af-iso- 
merides by Riiber’s method (Ber., 1904, 3'7, 3120). 


I. Menthyl Esters. 


The menthyl esters used were prepared, except when otherwise 
stated, by acting on the acid with a slight excess of thionyl chloride, 
warming on the water-bath, and finally distilling off excess of this 
reagent under diminished pressure. The resulting acid chloride was 
mixed with rather more than the theoretical amount of menthol, and 
heated at 100° for five or six hours. After cooling, the mass was 
dissolved in ether and shaken once or twice with dilute sodium 
carbonate solution. The ethereal extract was evaporated, and the 
ester purified by distillation under diminished pressure or by 
recrystallisation. 

Dimenthyl Muconate, O©,,H,,°CO,-CH:CH:CH:CH:CO,:C,,H,,.— 
This ester separated from methyl alcohol in well defined, tetrahedral 
crystals, which possessed the unusually high melting point (for an 
ester of menthol) of 168°: 

5 L 2 
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01719 gave 0°4689 CO, and 0'1547 H,O. C=74:40; H=10-00. 
C,,H,,0, requires C= 74°64 ; H=10°05 per cent. 
Dimenthyl By-Hydromuconate, 
C,,H,,°CO,°CH,*CH:CH:CH,°C0,°C,,H),. 
—In order to eliminate the possibility of any aB-acid being formed in 
consequence of the presence of hydrogen chloride, the Py-acid was 
heated in a sealed tube at 130° with excess of menthol for ten hours. 
In this way a rather poor yield of the ester was obtained. After 
purification from methyl alcohol, it formed soft, rhombohedral crystals, 
readily soluble in the usual organic solvents, and melting at 79°: 
0°1328 gave 0°3629 CO, and 0°1238 H,O. C=7454; H=10°36. 
C,,H,,0, requires C= 74°30 ; H=10°48 per cent. 
Dimenthyl aB-Hydromuconate, 
C,,H,,°CO,°CH,-CH,*CH:CH°CO,°C,,H,,. 
—This ester was obtained in much better yield than either of the fore- 
going. It was recrystallised from light petroleum, and then formed 
radiating needles, soluble in most of the ordinary solvents, and melting 
at 83°: 
0°1237 gave 0°3359 CO, and 0:1137 H,O. C=74:07; H=10-22. 
C,,H,,0, requires C= 74°30; H=10-45 per cent. 

Dimenthyl Adipate, C,)H,.°CO,-CH,°CH,°CH,°CH,°CO,°C,,H),. 
—This ester was prepared from adipic acid (8 grams). Yield 
11 grams. ‘The substance crystallised from light petroleum in small, 
wax-like needles, melting at 61°: 

0°1071 gave 0:2918 CO, and 01040 H,O. C=74:30; H=10°79. 

C,,H,,0, requires C= 73°92 ; H=10-90 per cent. 

Menthyl Piperate, CH,:O,:C,H,-CH:CH*CH:CH:CO,:C,,H,4.—This 
was obtained in small, colourless needles, melting at 83°. It is readily 
soluble in organic media, and was recrystallised from a small amount 
of methyl alcohol : 

0°1096 gave 02984 CO, and 0:0796 H,O. C=74:25; H=8-07. 

C,,H,,0, requires C= 74:16 ; H=7°86 per cent. 
Menthyl By-Hydropiperate, 
CH,-0,:C,H,*CH,°CH:CH:CH,°CO,°C,,H,,, 
was prepared by heating the acid and menthol alone at about 130° for 
a day. The compound was puritied by distillation under diminished 
pressure, the portion boiling constantly at 263°/25 mm. being taken as 
pure. The ester is a readily soluble, pale yellow oil : 

0°1552 gave 0°4176 CO, and 01136 H,O. C=73°36; H=8:13. 

C,.H,,0, requires C= 73°74; H =8°38 per cent. 

Menthyl aB-Hydropiperate, 

CH,.0,:C,H,-CH,*CH,*CH:CH:°CO,°C,,H,,, 
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boiled at 270—273°/25 mm. It solidifies in a freezing mixture, but 
at the ordinary temperature is a colourless oil, which gradually 
resinifies in air : 
0°1237 gave 0°3348 CO, and 0:0916 H,O. C=73°82; H=8-23, 
C,.H 90, requires C= 73°74 ; H =8'38 per cent. 
Menthyl Piperonylbutyrate, 
CH,-0,:C,H,°CH,°CH,°CH,°CH,°CO,°C,,H,,. 
—This is best prepared by heating the acid with a slight excess of 
menthol at 130° for about fifteen hours, after the reaction mixture has 
been saturated in the cold with dry hydrogen chloride. It is a colour- 
less oil, not very stable in air, but boiling (practically undecomposed) 
at 248—251°/20 mm. : 
0°1402 gave 0:3744 CO, and 0:1148 H,O. C=72°85; H=9°10. 
C,.H,,0, requires C= 73°33 ; H =8°89 per cent. 


IL. Brucine Salts. 


The rotations of the brucine salts were directly obtained by mixing 
exact equivalent amounts of anhydrous brucine and the various acids 
in dry chloroform and making up to the required concentration. The 
salts were then recovered from the chloroform solution and purified 
for analysis and characterisation by recrystallisation from various 


solvents. 

Dibrucine Muconate, C,H,0,(C,,H,,0,N,).,8H,0.—Small, hard, 
radiating prisms, sparingly soluble in acetone, moderately so in water 
or chloroform, and melting indefinitely at 164—168°: 

0°1228 gave 0°2604 CO, and 00714 H,O. C=57°81; H=6°46. 

0°1382 lost 0°0183 H,O at 100°. H,O=13°24. 

C59H;,0,.N ,,8H,O requires C=58-09 ; H= 6°88; H,O=13°41 per cent. 

Dibrucine By-Hydromuconate, C,H,0,,(C,,H,,0,N.,).,8H,0.— White, 
cubical crystals, readily soluble in water, and melting to a clear liquid 
at 113°: 

0°1320 gave 0°2812 CO, and 0°0848 H,O. C=58:09; H=7°14. 

0°1887 lost 0:0244 H,O at 100° H,O=12°93. 

C59H69012N,,8H,O requires C = 57:98; H =7-06; H,O= 13:39 per cent. 

Dibrucine aB-Hydromuconate, C,H,0,(C,,H.,,0,N.).,54 H,0.—Small, 
white octahedra, slightly soluble in acetone, and moderately so in 
chloroform, melting at 166°: 

0°1482 gave 0°3291 CO, and 00862 H,O. C=6054; H=6°46. 

0°1854 lost 0:°0179 H,O at 100°. H,O=9°66. 

C;.H,,0,.N,,5$H,O requires C= 60°53 ; H =6°31; H,O = 9°60 per cent. 

Dibrucine Adipate, O,H,,0,(C,,H,,0,N.)..—Soft, white tablets, 
readily soluble in cold water, and melting and decomposing at 204°: 
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0°1108 gave 02712 CO, and 0:0654 H,O. C=66'74; H=6°56. 
C,H ,6.0;,N, requires C= 66°82 ; H = 6°64 per cent. 

Brucine Piperate, C,,H,.0,,C,,H,,0,N,,1}H,O.—Long, thin, rect- 
angular tablets from water, melting at 144°: 

01576 gave 0°3786 CO, and 0°0824 H,O. C=65°52; H=5'81. 

01959 lost 0:0085 H,O at 100°. H,O=4°34. 

C,,H,,0,N,,14H,O requires C= 65:72 ; H=6:10 ; H,O = 4:23 per cent. 

Brucine By-Hydropiperate, C,,H,,0,,C.,H,,0,N,,3H,0.—Slender, 
slightly efflorescent prisms, which crystallise well from water, and 
melt at 73°: 

0:0914 gave 0:2109 CO, and 0:0505 H,O. C=62:92; H=6:18. 

C,,H,,0,N.,3H,O requires C = 62°87 ; H =6°59 per cent. 

Brucine aB-Hydropiperate, C,,.H,.0,,C.,H,,0,N .,4H,0.—Quadratic 
tablets, melting at 70°, and frothing and evolving water of crystallisa- 
tion at 100°: 

0°1219 lost 0:0126 H,O at 100°. H,O=10°34. 

C,,H,,0,N,,4H,O requires H,O = 10°50 per cent. 

Brucine Piperonylbutyrate, C,.H,,0,,C.,H,,0,N,,4$H,O.—Fine, soft 
needles, melting at 73—75° to a clear liquid. The salt dried at 100° 
was used for analysis : 

0°1203 gave 0°:2997 CO, and 00686 H,O. C=67'79; H=6'34. 

0°1363 lost 0°0160 H,O at 100°. H,O=11°74. 

C,,H,90,N, requires C=68°17 ; H=6:49 ; 44H,O=11°62 per cent. 

Brucine Sorbate, C,H,0.,C,,H.,,0,N,,14H,O.—Hard, compact prisms, 
melting at 167°: 

0-1204 gave 0:2900 CO, and 0:0768 H,O. C=65°69; H=7:09. 

0:2387 lost 0:0120 H,O at 100°. H,O=5°03. 

C,,.H,,0,N,,14H,O requires C= 65°30 ; H=6-94 ; H,O=5-07 per cent. 

Brucine By-Hexenoate, C,H,,0,,C.,H,,0,N,.—Stout prisms, dark- 
ening at 175°, and melting at 183°. 

Brucine n-Hexoate, C,H,,0.,Co,H,,0,N,,3H,O.—Slightly deliques- 
cent, cubical crystals, melting at 66°: 

01186 gave 0:2684 CO, and 0:0808 H,O. C=61'70; H=7°57. 

C,.H,,0,N,,3H,O requires C=61°70 ; H=7°80 per cent. 

Dibrucine Cinnamylidenemalonate, C,,H,,0,,C,,H;.0,N,,5H,0.—A 
cream-coloured powder, very soluble in water, frothing and decom- 
posing at 110°: 

0-1808 gave 0°4212 CO, and 0:1076 H,O. C=63'52; H=6°62. 

C,gH4.0,.N,,5H,O requires C= 63:49; H=6°57 per cent. 

Dibrucine Phenylpropenylmalonate, C,,H,,0,,C4gH;,0,N ,,4H,0.—A 

mass of soft, cream crystals, melting and frothing at 96—99°: 
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0'1634 gave 0°3876 CO, and 00944 H,O. C=64:71; H=6-47. 
C.gH,,0,,N ,,4H,O requires C= 64°45 ; H = 6°67 per cent. 
Dibrucine Phenylpropylidenemalonate, C,.H,,0,,C,,H;.0,N,,38H,O. 
—Small, monoclinic prisms, melting at 68°, and evolving water of 
crystallisation at 105°: 
0:1800 gave 0°4338 CO, and 0:1266 H,O. C=65°73; H=6'50, 
C,,H,,0),N,,3H,O requires C= 65°54 ; H=6°59 per cent. 


Polarimetric Results. 


The polarimetric measurements were carried out, as in previous 
investigations, in chloroform solution in a 2-dem. tube, and, in the 
majority of cases, at two concentrations. The temperature of the 
solutions did not vary beyond the limits of 14°5° to 16°. 

The brucine was dried to constant weight at 100° in order to 
remove water of crystallisation, The rotations before use (5 per cent. 
solution in chloroform) were then as follows: 

[M]p. 
— 76°2° 
Brucine : 478°6 

The results obtained are collected in the following tables, which 
give, in addition to the specific and molecular rotatory powers, the 
difference between the molecular rotation of each compound and the 
normal values previously quoted: 


I. Menthyl Esters. 


(a) Muconic Acid Series : 
Percentage concentration. 


[a]p. [M].. Diff.  [a],. [M]>. Diff. 

_— _ -— -93°40° —390°4° 68-0° 
ia aB-hydromuconate ... —88°80° -372°9° 52°0° 88°78  372°8 50°4 
me By-hydromuconate ... 81°52 342°4 21°5 80°78  339°3 16°9 
a adipate 83°80 §353°6 32°7 83°60  352°8 30°4 


Dimenthy] mucenate 


(b) Piperic Acid Series : 

Menthyl piperate — 53°02° -188°8° 28°3° ~52°76° —187°8° 26°6° 
- a8-hydropiperate 45°92 1644 39 4608 1650 3°8 
‘6 By-hydropiperate ......... 42°22 15171 —9°4 42°12 150°8 -10°4 
is piperonylbutyrate 39°68 = 142°9-17'6 38°00 136°8 -24°4 


II. Brucine Salis. 


(a) Muconic Acid Series : 

Dibrucine muconate ................ —9°52° -—88°5° 410°6° -9°72° -90°4° 417°0° 
»»  af-hydromuconate 354°6 1445 38°52 359°0 148-4 
a 8y-hydromuconate 358°8 140°3 88°24 356°5 150°9 
ws adipate 42°80 399°2 99°9 42°60  397°8 109°6 
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II. Brucine Salis (continued). 


(b) Piperic Acid Series : 


Percentage concentration. 


[a]p. [M]>. Diff.  [a]p. [M]>. Diff. 

Brucine piperate —5°02° -—30°7° 218°8° -—4°68° -—28°6° 225°1° 

»,  @B-hydropiperate 25°10 15471 95°4 25°12 1543 99°4 

»,  By-hydropiperate 29°08 1785 71°0 29°16 179°1 74°6 

»»  piperonylbutyrate 28°26 1741 75°4 27°68 170° 8382 
(c) Sorbie Acid Series : 


Brucine sorbate — 25°50° —130°0° 119°5° —23°84° — 120°6° 133°1° 
hydrosorbate 44°72 227°2 22°3 42°16 214°2 39°5 
n-hexoate 48°39 246°8 2:7 49°57 2523 0°9 


(d) Cinnamylidenemalonic Acid Series : 
Dibrucine cinnamylidenemalonate — _ — ~—9°84° —98°99° 408°4° 
‘“ «8-hydrocinnamyli- 
denemalonate —44°08° —444°2° 54°9° 43°60 439°5 67°9 
o By-hydrocinnamyli- 
denemalonate 50°52 §=509'2-10°1 50°12 505°2 2°2 
It should be mentioned that Rupe (/oc. cit.), in examining the effect 
caused by the proximity of the ethylenic bond to the asymmetric 
complex in the isomeric pentenoic, hexenoic, etc., menthyl esters, 
prepared menthyl sorbate and found that it possessed a much higher 
rotatory power than any of the mono-ethylenic esters, and assumed 
that the anomaly was due to the presence of the conjugatéd ethenoid 
system. It will be useful to compare these figures (obtained from 
alcohol solution) with the other series now recorded (the “differences” 
given are here calculated from Rupe’s mean value for the fatty 
menthy]l esters in alcohol, namely, [M], = — 164°6°). 


Difference. 

Menthy]l sorbate i 56°7° 

»»  @B-hexenoate 7°8 

»,  By-hexenoate i —0°5 
5,  m-hexoate 0'1 
It will be noticed that in the series studied by the author, the 
compounds containing two contiguous ethenoid groups possess, without 
exception, the greatest anomaly in their respective series, whilst in 
general the dihydro-acids possess a larger rotation than the fully 
saturated members. It should be observed that the effect produced 
by a conjugated system is very much better defined than those due to 
the aB- or By-ethylenic acids; the rotatory powers of derivatives of 
the latter acids are relatively close to those of the saturated acids, and 
the differences between the isomeric af- and fy-acids are usually of 
a small order, although, in all the instances examined, the af-acid, 
the ethylenic linking of which is contiguous to the “ unsaturated” 
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carboxyl group, and also lies nearer to the asymmetric system, 
possesses the larger anomaly (compare Rupe, Joc. cit.). Finally, the 
rule that the saturated derivatives show least anomaly, finds an 
exception in the case of dimenthyl adipate, a point which is discussed 
in the next paper. 

It is interesting, also, to notice the relative anomalies displayed by 
the different series studied. Muconic acid, for example, exhibits a 
larger anomaly than piperic acid both in menthyl ester and brucine 
salt ; this is rather remarkable, in view of the great influence on 
optical activity which has been attributed to the phenyl group 
by many workers. It is most probably to be explained by the fact 
that muconic acid, CO,H-CH:CH:CH:CH:CO,H (and its dimenthyl 
ester and dibrucine salt), possesses a structure which is symmetrical 
with respect to the centre of the conjugated system. The author 
has previously remarked (Trans., 1908, 93, 1620) that such a 
configuration is apparently favourable to the exhibition of quite 
abnormal rotatory power. 

Again, the menthyl esters of two of the reduced piperic acids have 
values lying below the normal, in spite of the presence in the molecule 
of a benzenoid residue, and it must be conceded that, whilst that 
nucleus can undoubtedly produce marked effects on optical activity, 
numerous cases go to prove that there is a great deal of apparent 
irregularity which remains to be cleared up in the behaviour of this 
radicle. 

In conclusion, emphasis must be laid on the much greater effect 
caused by the conjugation of two ethylenic groups than by that of an 
ethylenic and a carboxyl group together (as in the af-hydro-acids), 
This result was to a certain extent to be expected, in view of Rupe’s 
experience with menthyl sorbate, and of two instances of isomeric 
hydrocarbons previously quoted (Part I., this vol., p. 334), namely : 
A*®%ymenthadiene ([M],+133°6°, conjugated) and menthene 
([M]p + 45°2°, unconjugated) ; phellandrene ([M], + 82°1°, conjugated) 
and carvomenthene ({M],—2°9°, unconjugated). 


The author wishes to express his indebtedness to Professor Knorr, 
in whose laboratory this work has been carried out, and to acknow- 
ledge the kind assistance of Mr. S. R. Edminson in connexion with 
several of the analyses. 
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CLXXVIII.—The Effect of Contiguous Unsaturated 
Groups on Optical Actwity. Part III. The 
Normal Series of Fatty Dibasic Acids, 


By Tomas Percy Hitpitcu (1851 Exhibition Scholar). 


ATTENTION was drawn in the preceding communication to the fact 
that, whilst the menthyl esters and brucine salts of the saturated acids 
therein described possessed rotatory powers which as a rule were not 
greater than the “normal” molecular rotation of such esters or salts, 
those of adipic acid were found to be well in excess of the normal 
value. This exception appeared to be the more interesting, since of 
the various series of acids examined, adipic acid approached most nearly 
to a normal fatty acid. 

In order to throw more light on this point, and also to examine the 
general effect of the progressive separation (by methylene groups) of 
the contiguous carboxyl groups in oxalic acid, the author has prepared 
the series of optically active esters and salts of the acids of this group 
from oxalic to sebacic inclusive. No complete series of such deriv- 
atives has previously been prepared ; Walden (J. Russ. Phys. Chem. 
Soc., 1898, 30, 767) gives values for the di-/-amyl esters of some of 
the acids, but unfortunately does not mention the adipic ester. His 
figures, too, were obtained from esters prepared from optically impure 
amy] alcohol. 

The preparation and properties of the different compounds used in 
the investigation will be first described, and thereafter the details of 
the polarimetric measurements and the respective anomalies will be 
given. It should be emphasised that, in referring the differences to 
the mean value of the fatty acid derivatives as a standard, no par- 
ticular importance is thereby attached to the use of these acids for this 
purpose. Nevertheless, since they are structurally the simplest 
organic acids, and since the rotatory power of their optically active 
derivatives attains a constant value, they are, in default of anything 
better, suitable as a standard of comparison. This method of esti- 
mating the anomaly in optical activity appears to the author to be 
preferable to the alternative of comparing the molecular rotatory 
power to that of the alcohol or alkaloid concerned, since the latter is 
usually of quite a different order, and, moreover, the direction of the 
change of rotation on esterification of different active alcohols (or salt- 
formation of active bases) by any inactive acid whatever is not 
always the same, even the sign of the rotation (as with amyl esters) 
being sometimes altered. 
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EXPERIMENTAL. 


The menthyl esters were obtained by the thionyl chloride method 
described in the preceding paper. 

Dimenthyl Oxalate, (CO,°C,9H,9)..—Firm, white octahedra, which 
melted at 67° (compare Zelikoff, Ber., 1904, 3'7, 1374): 

0°1364 gave 0:3578 CO, and 0:1252 H,O. C=71'53; H=10-20. 

C,,H,,0, requires C= 72°13 ; H=10°39 per cent. 

Dimenthyl Malonate, H,(CO,°C,,H,,)..—Seven grams of soft, 
slender needles were obtained from 4 grams of acid and 12 grams of 
menthol ; the ester crystallises well from methyl alcohol, and melts 
at 62°: 

0°1446 gave 0:3850 CO, and 01326 H,O. C=72°61; H=10-20. 

C,,H,,0, requires C= 72°63 ; H=10-53 per cent. 

Dimenthyl Succinate, C,,>H,,*CO,*CH,°CH,°CO,°C,,H,..—Colourless, 
rhombic crystals, melting at 63° (compare Arth, Ann. Chim. Phys., 
1886, [vi], 7, 438) : 

0°1034 gave 0:2759 CO, and 0:0996 H,O. C=72'76; H=10°70. 

C,,H,,0, requires C= 73°10 ; H= 10°66 per cent. 

Dimenthyl Glutarate,C,,H,,*CO,*[CH,],°CO,*C,)H,9.—This compound 
formed a colourless oil, boiling at 240—243°/20 mm., which slowly 
crystallised to a mass of colourless needles : 

0°1260 gave 0°3386 CO, and 0:1210 H,O. C=73:28; H=10°68. 

C,,H,,0, requires C= 73:52 ; H=10°78 per cent. 

Dimenthyl Pimelate, C,,H,,°CO,"[CH,],°CO,°C,,H,,, is also an oil, 
boiling and decomposing at 248—252°/20 mm. At first it is almost 
colourless, but becomes converted into a brown, resinous substance on 
exposure to the air : 

01357 gave 0:3688 CO, and 01361 H,O. C=74:11; H=11°'14. 

C,,H,,0, requires C= 74°30 ; H=11-01 per cent. 

Dimenthyl Suberate, C,)H,,°CO,*[CH,|,°CO,°C,)H,,.—A_ colourless 
oil, boiling at 257—259°/20 mm., and solidifying, after remaining 
for a long period in the cold, to a mass of crystals, which re-melt 
at 38—39° : 

0°1076 gave 0:2934 CO, and 0:1046 H,O. C=74°35; H=10°80. 

C,,H 0, requires C= 74°66 ; H=11'11 per cent. 

Dimenthyl Azelate, C,)H,,*CO,*[CH,]},"CO,°C,,H,,.—A very viscous 
oil, boiling at 254—256°/20 mm., and remaining liquid after being 
cooled to — 15° for some time : 

0°1712 gave 0:4684 CO, and 0:1676 H,O. C=74°61; H=10°88. 

C.9H,,0, requires C= 75-01 ; H=11-20 per cent. 
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Dimenthyl Sebacate, C,)H,.*CO,*[CH, ],*CO,°C,)H,9.—This ester is a 
viscous liquid, which boils at 256—258°/20 mm., and resists all 
attempts to solidify it by cooling to — 10°: 

0°1122 gave 0°3100 CO, and 0°1110 H,O. C=75°36; H=10°99. 

C,,H;,0, requires C= 75°32 ; H=11°30 per cent. 

The brucine salts were, as in the previous work, made up directly 
from the constituents in chloroform solution, and then recovered for 
characterisation and analysis. 

Dibrucine Oxalate,C,H,O,,C,,H;,0.N,,44H,0.—Small, white, cubical 
crystals, not very soluble in cold water, melting and losing water at 
140°, then re-solidifying, and finally melting at 202°: 

00985 gave 0°2161 CO, and 0:0618 H,O. C=59:84; H=6-97. 

C,,H,,0,.N,,44H,O requires C= 60°06 ; H=6°63 per cent. 

Dibrucine Malonate,C,H,0,,C,,H,.0,.N ,,3H,0.—Small, hard crystals, 
freely soluble in water, melting and losing water at 102°: 

0°1788 gave 0°4086 CO, and 0°1062 H,O. C=62°32; H=6°75. 

C,,H;,0,.N,,3H,O requires C = 62°16 ; H=6-55 per cent. 

Dibrucine Glutarate, C,H,O,,C,,H;.0O,.N,,4H,O.—A white, micro- 
crystalline powder, readily soluble in water, melting and decomposing 
at 114°: 

0°1468 gave 0°3314 CO, and 0°0962 H,O. C=61:56; H=7:28. 

C,,H90,.N,,4H,O requires C= 61°70; H =6°86 per cent. 

Dibrucine Pimelate, C,H,,0,,C,,H,.0O,N,,4H,O.—Very deliquescent 
crystals, melting and evolving water of crystallisation at 104°: 

0°1240 gave 0°2822 CO, and 0:0804 H,O. C=62:09 ; H=7:20. 

C,,H,,0,.N,,4H,O requires C= 62°36 ; H=7-06 per cent. 

Dibrucine Suberate, C,H,,0,,C,,H;.0,N,,43H,0.—Crisp, cream- 
coloured crystals, melting sharply at 102° to a clear liquid : 

01356 gave 0°3082 CO, and 0°0872 H,O. C=61:°98; H=7:15. 

C54H4g0,.N,,.4$H,0 requires C= 62°15 ; H=7-19 per cent. 

Dibrucine Azelate, C,H,,0,,C,,H,,0,N,,3H,O0.—Large, white, fibrous 
prisms, soluble in water, and melting at 96°: 

0°1116 gave 0:2616 CO, and 0:0728 H,O. C=63:92; H=7'25. 

C,;H,.0,,.N,,3H,O requires C = 64:07 ; H=7-19 per cent. 

Dibrucine Sebacate, C,)H,,0,,C,,H,.0,N,.—Small, white, crystalline 
flakes from concentrated aqueous solutions, melting at 112°: 

0°1296 gave 0°3234 CO, and 0:0870 H,O. C=68°03; H=7-46. 

C,,H,,0,.N, requires C=67°89 ; H=7:07 per cent. 

The results of the polarimetric measurements (carried out as usual 
in dry chloroform solution at 15°) are collected in the following 
tables : 
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I. Menthyl Lsters. 


Percentage concentration. 


[a]p. {M],. Diff. [a]p. [M]). Diff. 
Dimenthy]l oxalate ... —104°00° -—380°6° 57°7° —103°40° -—378°4° 56°0° 
»» malonate... 79°24 3801°1 -19°8 79°54 
ee succinate... 81°90 322°7 ; 82°40 
‘ glutarate... 80°26 828 °3 80°16 
é 83°80 353°6 83°60 
78°31 341°5 77°82 
73°56 331°1 73°28 
72°68 337 °2 72°32 
sebacate ... 67°08 320°6 66°72 
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II. Brucine Salis. 


Dibrucine oxalate .. -—3°00° -—26°3° 472°8° -—2°80° -—24°6° 482°8° 
pm malonate . 52°76 4706 285 52°76 4706 36°8 

a succinate. 65°30 591°6 —72°5 64°12 580°9  —73°5 
glutarate . 50°62 465°8 33°3 50°48 464°4 43°0 

adipate ... 42°80 399°2 99°9 42°60 397°8 109°6 

pimelate . 42°74 405°2 93°9 44°08 417°9 89°5 
suberate.. 45°70 439°6 59°5 47°56 457°5 49°9 

azelate ... 45°16 440°8 58°3 45°52 444°2 63°2 
sebacate.. 48°24 477°5 21°6 48°44 479°5 27°9 


There are several points to which attention may be drawn with 
respect to these results. In the first place, the two series of results 
are approximately parallel, and this must be taken to signify that the 
changes produced in the activity of the asymmetric atoms in the 
compounds are due to the constitution of the acid part of the 
molecule. 

Again, oxalic acid exhibits by far the greatest anomaly in both 
series, as might be expected from the contiguity in its molecule of two 
carboxyl groups rich in residual affinity. But if the anomalies of 
brucine and menthyl oxaiates be compared with those occurring in the 
case of acids containing a conjugated ethenoid system (see previous 
paper), it will be found that, with the exception of muconic acid, none 
of these compounds exhibit such a marked effect as oxalic acid, 
although the “unsaturation” in the latter compound might be ex- 
pected to be far weaker than that of two adjacent ethylenic groups. 
It seems likely, however, that, as with muconic acid and other com- 
pounds (loc. cit.), the symmetrical disposition of the molecule about 
the centre of the conjugated system is in some way the cause of the 
enhanced optical activity. 

For the rest, from analogy to the normal fatty monobasic acids, one 
would have expected on first thoughts to see the molecular rotatory 
powers decreasing, rapidly at first, to an ultimately fairly constant 
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value, but, as a matter of fact, the series found are very far from 
regular. 

There is, first of all, a pronounced depression between the first and 
fourth member of the series, while the fifth (adipic acid) presents a 
second maximum point on the graph. After this point the molecular 
rotatory powers seem to become more regular, and may possibly show 
to a small extent an alternation similar to that noticeable in the 
melting points of the free acids, but no definite information can be 
given regarding the ultimate shape of the anomaly curve, since a 
sufficient number of the higher members of the series has not been 
examined, 

The two most noteworthy points are thus the depression in the 
second and third, and the exaltation in the fifth members of the 
series. With reference to the former, it is difficult to conceive of any 
explanation based on the constitution of the acids, It can only be 
said that the rotatory powers of dimethyl malonate and of dibrucine 
succinate are markedly lower than the normal value, and that a 
similar effect is to be seen in Walden’s figures for di-/-amyl malonate 
(Zoc. cit.). Indeed, it would appear from the fragmentary evidence 
available that the amyl ester curve for these acids closely resembles 
that for the menthyl esters. It may be mentioned here that an ex- 
ceptionally large temperature-coeflicient was observed in the case of 
dibrucine succinate. 

The exaltation in the adipic compounds admits, on the other hand, 
of a possible simple explanation. It finds a parallel in the simple fatty 
acid series, in which Rupe (Annalen, 1903, 32'7, 166) pointed out that 
an ethylenic or phenyl group in the 6-position with respect to the 
carboxy] group sometimes exercises a weakening effect on the rotatory 
power. It is obvious that the direction of the effect in not the same 
in both cases, but evidently optical activity is influenced by two 
unsaturated groups separated by a chain of four carbon atoms. 

The exceptional chemical activity of different groups in this position 
is well known, and may be recalled by the ease with which water is 
eliminated from many dihydroxylic compounds of this type, yielding 
lactones or anhydrides : 

*CH:CO-0H *CH:CO 
-H-CO-0H —* -H-co?? 


The same steric hypothesis which presupposes the contiguity in 
space of thehydroxy] groups in such cases would necessitate the carboxyl 
groups as a whole being close to each other in adipic acid, 

H,°CH,°CO,H 
H,:CH,*CO,H’ 
and it may therefore be that the same influence which causes the 
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large anomaly in oxalic acid derivatives causes the enhanced rotatory 
power here, namely, the conjunction of two unsaturated groups. The 
effect is not unnaturally much less than that observed when the two 
conjugated systems are chemically united, and this would account for 
its non-appearance in other physical properties less susceptible to 
constitutive changes than optical activity. 


In conclusion, the author wishes to express his great indebtedness 
to Assistant Prof. Smiles for criticising the work described in this and 
the preceding paper, the cost of which has been partly met by a grant 
from the Research Fuud of the Chemical Society. 


UNIVERSITY OF JENA. 


CLXXIX.—Some Derwatives of |-Benzoin. 
By Henry WRevn. 


THE preparation of /-benzoin by the action of magnesium phenyl 
bromide on /-mandelamide has already been described (McKenzie and 
Wren, Trans., 1908, 93, 310). Since this compound is the first 
example of an optically active ketol of simple structure, it was con- 
sidered of interest to make a further study of it and some of its 
derivatives, and also to prepare its enantiomorphous isomeride. The 
work carried out in this direction is described in this and the following 
paper. 
EXPERIMENTAL. 


Preparation of d-Benzoin. 


Methyl d-mandelate (25 grams) was converted into d-mandelamide, 
C,H,;CH(OH)-CO-NH,, by the method previously described (Joc. cit.) 
for the preparation of /-mandelamide from methyl /-mandelate. The 
yield amounted to 13 grams : 

0°1756 gave 0°4096 CO, and 0:0928 H,O. C=63:6; H=5°9, 

071886 ,, 14:9¢c. N, at 12° and 771mm. N=9°6. 

C,H,O.N requires C=63°6 ; H=6-0; N=9°3 per cent. 

This amide resembles its enantiomorphous isomeride in appearance, 
melting point (122—122-5°), solubility, and specific rotation. The 
latter was determined in acetone solution : 

t=4, c= 1°6496, a} +4°93°, [a] +74°7° 

The value previously found for /-mandelamide under similar con- 

ditions was — 73°1°. 
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d-Benzoin, C,H,*CH(OH)-CO-C,H,, obtained from d-mandelamide 
and magnesium pheny! bromide, crystallises from methyl alcohol in 
colourless needles, and has the same melting point as /-benzoin 
(131—132°5°) : 
0:1156 gave 0°3342 CO, and 0:0588 H,O. C=788; H=5-7. 
C,,H,,0, requires C=79°2; H=5'7 per cent. 
Its specific rotation was determined in acetone solution : 
1=4, c=0°4128, ap® +1°99°, [a]>® +120°5°. 
l-Benzoin dissolved in acetone has [a]))* — 118-6° for ¢e=0°9232. 
d-Benzoin was converted into benzil (m. p. 95—96°) by the action 
of concentrated nitric acid. 


Methylation of 1-Benzoin. 


For the methylation of /-benzoin, Purdie’s silver oxide method of 
alkylation was employed (compare Lander, Trans., 1900, 77, 734; 
Irvine and Weir, Trans., 1907, 91, 1391), as being less likely than 
any of the other methods to give a partly racemised product. It 
was also used in preference to the hydrochloric acid method by means 
of which r-benzoin was methylated (Fischer, Ber., 1893, 26, 2412), 
since it has been shown (Irvine and Weir, Joc. cit.; Irvine and 
MeNicoll, Trans., 1908, 93, 952) that in the latter reaction the forma- 
tion of r-benzoin methyl ether is accompanied by that of a8-dibenzoyl- 
a-methoxydibenzy] and 2-hydroxy-3 :5-dimethoxytetraphenyltetrahydro- 
furan. 

Dry silver oxide (21 grams, 2°7 mols.) was added to a solution of 
l-benzoin (7°3 grams, 1 mol.) and methyl iodide (43-9 grams, 9 mols.) 
in acetone (100 ¢.c.). On warming, gentle boiling set in, which lasted 
about ten minutes. The mixture was subsequently boiled gently with 
frequent shaking during two hours, after which time the precipitate of 
silver oxide and silver iodide was filtered and well washed with 
acetone. The residue, obtained after removal of the acetone, solidified 
readily to a mass of yellow crystals weighing 6°9 grams. 

The crude /-benzoin methyl ether was purified by being crystallised 
from light petroleum until the value of its specific rotation in chloro. 
form solution was constant. 

1-Benzoin methyl ether, C,H,-CH(OMe)-CO°C,H,, separates from 
boiling light petroleum in well-defined, rectangular prisms, melting at 
53—54°: 

0°1272 gave 0°3717 CO, and 0°0713 H,O. C=79°69; H=6-27. 

C,,H,,0, requires C= 79°62; H=6:24 per cent. 
"It is readily soluble in the ordinary organic solvents with the excep- 
tion of cold light petroleum, in which it is very sparingly soluble. 
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Its specific rotation in chloroform solution was as follows: 
T=4, c=2°1108, af} —7°45°, [a]? — 88°2°. 

Its specific rotation was also determined in solution in heptane, 
benzene, and ethyl alcohol respectively, In heptane solution : 

l=4, ¢=0°5648, ap® +3°34°, [a]}® +147°8°. 

The heptane was optically inactive. It was obtained by fraction- 
ating Kahlbaum’s heptane, and boiled at 97—98°. In ethyl-alcoholic 
solution : 

1=4, c=0°5860, ap — 2°21°, [a] —94°3°. 

In benzene solution : 

T=4, c=0°6428, a} +1°31°, [al +50°9°. 

The /-benzoin methyl ether was recovered unchanged from each of 
the above solutions. 

It is thus apparent that /-benzoin methyl ether is strongly dextro- 
rotatory when dissolved in heptane or benzene, whilst it is strongly 
levorotatory in chloroform or ethyl-alcoholic solution. Similar 
alteration in the sign of rotation with variation of solvent has been 
observed with a few non-ionised substances. Thus, dimethyl d-tartrate 
is dextrorotatory when dissolved in acetone, methyl alcohol, or aceto- 
nitrile, levorotatory when dissolved in benzene or chloroform, whilst in 
ethyl acetate the sign of rotation varies with the temperature 
(Walden, Ber., 1905, 38, 385). Similarly, dimethyl /malate is 
levorotatory when dissolved in acetone, methyl alcohol, or ethyl 
acetate, but dextrorotatory in chloroform. In benzene solution the 
sign of rotation depends on the temperature and concentration 
(Walden, Joc. cit.). Similar observations have been made by Freundler 
(Compt. rend., 1893, 117, 556; Ann. Chim. Phys., 1895, [vii], 4, 244) 
in the cases of the normal propyl esters of diacetyl-d-tartaric acid, 
dibutyryl-d-tartaric acid, and dihexoyl-d-tartaric acid, but in no case 
are the variations so marked as in that of /-benzoin methyi ether. 


Acetyl-1-benzoin. 


t-Benzoin (1°6 grams) was warmed with acetyl chloride (3 grams). 
Solution of the benzoin was complete at 35°. The temperature of the 
mixture was maintained at 40—50° during one hour, after which 
it was gradually raised to 100° and maintained at this point until 
evolution of hydrogen chloride ceased. Excess of acetyl chloride was 
removed by allowing the product to remain under diminished pressure 
over soda-lime. 

Acetyl-l-benzoin, C,xH,*CH(O°CO-CH,)-CO-C,H,, separates from boil- 
ing light petroleum in colourless needles, sometimes grouped in 
rosettes. It is readily soluble in hot light petroleum, and in cold 

VOL. XCv. 5 M 
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ether, methyl and ethyl alcohols, acetone, chloroform, benzene, or 
glacial acetic acid. In cold light petroleum it is sparingly soluble : 
0°1204 gave 0°3316 CO, and 0°0612 H,O. C=75-1; H=5°7. 
C,¢H,,0, requires C=75°5 ; H=5°6 per cent. 
The specific rotation of successive crops from light petroleum was 
determined in chloroform solution : 
l=4, c=1:0116, a} —8°81°, [a]§ — 217°7°. 
l= 4, c=0°7240, ap’ - 6°31°, [a]p® - 217°9°. 


Carbanilido-|-benzoin. 


A mixture of /-benzoin (2 grams) and phenylcarbimide (3 grams) 
was heated on the boiling-water bath during thirty minutes. The 
benzoin rapidly dissolved to a somewhat brown solution, which 
partly solidified on cooling. The excess of phenylcarbimide was 
removed by means of light petroleum, and the solid residue, consisting 
of carbanilido-/-benzoin together with small quantities of carbanilido- 
r-benzoin and diphenylcarbamide, was triturated with a small quantity 
of cold ethyl acetate, in which diphenylcarbamide is insoluble. After 
filtration and removal of ethyl acetate from the filtrate, the crude 
carbanilido-/-benzoin was purified by recrystallisation from methyl 
alcohol, and finally from light petroleum (b. p. 60—80°). 

Carbanilido-l-benzoin, C,H,-CH(O:CO-NH:-C,H,)-CO-C,H,, separ- 
ates from boiling light petroleum, in which it is sparingly soluble, in 
rather ill-defined, colourless crystals. It dissolves readily in cold 
benzene, ethyl alcohol, acetone, ether, chloroform, ethyl acetate, or 
pyridine. it is moderately soluble in cold methyl alcohol, readily so 
in the boiling solvent. It melts at 121°5° to a clear liquid, which, 
when heated through a further 2° or 3°, again solidifies, re-melting at 
163°5°. The latter temperature agrees with the melting point (163°) 
given by Gumpert (J. pr. Chem., 1885, [ii], 32, 280) for carbanilido- 
r-benzoin : 

0°1499 gave 0:4201 CO, and 0:0726 H,O. C=764; H=5-4, 

C,,H,,0O,N requires C=76°1 ; H=5:2 per cent. 

For the determination of the specific rotation in benzene solution, 
successive crops from light petroleum were dried in a vacuum over 
paraffin wax until constant in weight : 

T=4, c=0°8228, ap” — 9°57°, [a]p? — 290°8°. 
I= 4, c=0°8024, aj} — 9°37°, [a]5 — 291°9°. 

The specific rotation was also determined in acetone solution : 

1=4, c=0°6528, af —5°61°, [a]$ —214°8°. 
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Interaction of 1-Benzoin and Hydroxylamine. 


The study of the interaction of hydroxylamine and /-benzoin was of 
particular interest, owing to the mutarotation of the a-oxime which 
was observed in various solvents. 


1-Benzoin-a-oxime. 


A mixture of /-benzoin (5°6 grams) and ethyl alcohol (22°4 c.c.), to 
which had been added solutions of hydroxylamine hydrochloride 
(4°5 grams in 5°6 c.c. water) and sodium hydroxide (2°5 grams in 
6°8 c.c. water), was heated for one hour on the boiling-water bath, 
and, after cooling, poured into water (200 c.c.). A bulky, white 
precipitate (5°1 grams) separated, from which, after two recrystal- 
lisations from benzene, /-benzoin-a-oxime (2 grams) was obtained as 
a white, amorphous powder, which melted at 163°5—164°5°: 

0°1273 gave 0:3432 CO, and 0:0661 H,O. C=735; H=5°8. 

01327 ,, 7:2cc. N, at 15° and 751mm. N=6-4. 

C,,H,,0,N requires C=74:0; H=5°8; N=6:2 per cent. 
1-Benzoin-a-oxime is moderately soluble in boiling benzene, very 
sparingly in the cold solvent. Its specific rotation was determined 
in a number of solvents. 
In chloroform solution : 
l=4, c=0°8576, a} —0°11°, [al —3°2° 

This value did not change during twenty-one hours. After removal 
of the solvent at the ordinary temperature, the residue melted at 
163°5—164°. 

In ethyl-alcoholic solution : 

l= 4, c=0°9648, af +0°17°, [a]? +4°4°. 

During twenty-two hours the activity of the solution remained 
constant. The residue, after removal of alcohol, melted at 
163—163°5°. 

In ethyl benzoate solution : 

T= 4, c=0°4724, ap’ +0°70°, [a]h* +37°0°. 

This solution showed no change in activity during nineteen hours. 

In acetone solution : 

Expt. I.—l=4, c=0°7068, a} +0°51°, [a]? +18°0°. 

The polarimetric determination was performed immediately after the 
solution was made up. The solution was allowed to evaporate in an 
open dish at the ordinary temperature. The residue, after being dried 
in a vacuum, melted at 162°5°. 

Haupt. II,—l = 4, c= 1°6892, 

5 M 2 
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In this experiment mutarotation was observed. 


Time in hours, = al™. [a}™. Time in hours, ai®, [a]. 
2°25 +2°15° +31°8° 22°8 4- 10°22° +151°2° 
3°25 3°31 49°0 27°5 9°97 147°5 
5°33 6°43 95°1 29°8 9°87 146°1 
7°33 8°36 123°7 47°0 9°56 141°5 
8°33 8°92 132°0 56°3 9°50 140°6 
9°33 9°35 138°3 95°0 9°37 138°6 

10°33 9°72 143°8 


On evaporation, the solution left a viscous residue. 
Expt. III.—l= 4, ¢=0°9808, ¢=23°7 +0°2°. 


Time in hours, Ap. [a]p. Time in hours. ap. [a]». 
0°75 +0°92° +23°5° 4°75 +5°17° +1381°8° 
1°25 171 43°6 5°75 5°37 136°9 
1°75 2°16 55°1 6°75 5°47 139°4 
2°25 4°12 105°0 7°75 5°48 139°7 
2°75 4°45 113°4 8°75 5°44 138°6 
3°25 4°69 119°5 23°25 5°42 138°1 
3°75 4°84 123°4 


Eapt. IV.—Solvent: Acetone to which one drop of piperidine per 
5 c.c. solvent had been added : 
l=4, c=1034, af* +0°75°, [a]P? +18°1°. 

The activity of this solution remained constant during twenty 
hours. After removal of the solvent, the residue melted at 
150—159°. 

The a-oxime exhibited mutarotation in acetophenone solution : 
[=4, c=0°8928, ¢=23°5+40°3°. 


Time in hours, ap. [a]p. Time in hours. ap. [a]>. 
0°5 +1°84° - +51°5° 5°75 +2:70° +75°6° 
0°75 1°79 50°1 6°75 2°83 79°2 
1°25 1°79 50°1 7°5 2°87 80°3 
2°75 1°98 55°4 25°0 3°61 101°1 
3°75 2°28 63°5 25°5 3°64 101°9 


4°75 2°45 68°6 | 


In benzaldehyde solution : 
l=4, c=0°8552, ¢=23'8+0°1°. 


Time in hours. Sn [a]. Time in hours. yp. [a]. 
0°25 +0°91° + 26°6° 4°25 +0°99° +28°9° 
1°25 0°91 26°6 5°25 1°06 30°9 
2°25 0°96 28°1 23°5 (¢=18°) 1°61 47°1 
3°25 0°98 28°6 


In methyl ethy!] ketone solution : 
T=4, c=2°1364, ap*® +2°11°, [a]h* + 24°7° 

The value of ap remained absolutely constant during three and 

a-quarter hours. After forty-six hours it had only increased to 2°28°. 

The residue, after removal of the solvent, melted rather indefinitely at 

153—158°, 
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Mutarotation of /-benzoin-a-oxime was thus observed in acetone, 
acetophenone, benzaldehyde, and methy] ethyl ketone solution, whilst no 
mutarotation was observed with chloroform, ethyl alcohol, and ethyl 
benzoate. In this connexion it is interesting to note that Lowry 
(Trans., 1899, '75, 219) has shown that the equilibrium between nitro- 
camphor and y-nitrocamphor is attained far more rapidly in acetone 
than in any other solvent, under similar conditions of temperature and 
concentration. It therefore seems possible that mutarotation in the 
case of non-ketonic or -aldehydic solvents was not observed, since the 
velocity of change in these media is extremely small. Even in aldehydic 
and ketonic solvents some external impulse appears to be necessary to 
start the change. Thus, in one case /-benzoin-a-oxime was recovered 
practically unchanged from acetone solution. Further, a solution of 
the substance in benzaldehyde was kept in the polarimeter tube for two 
and a-quarter hours before change commenced, whilst a solution in 
acetophenone showed no change during about two hours, at the end of 
which period reaction started and then proceeded in the usual manner. 

Lowry (Trans., 1899, 75, 221; 1903, 83, 317) and Lowry and 
Magson (Trans., 1908, 93, 107) have shown the striking effects of 
traces of various catalysts on solutions of d-glucose and nitrocamphor 
in different solvents. Some such catalytic influence seems also to come 
into play in the case of /-benzoin-a-oxime. Up to the present it has 
not been possible to identify the catalyst. The influence of piperidine 
on the change in acetone solution was investigated, and found to be 
inhibitive. It seems most probable that /-benzoin-a-oxime, when 
dissolved in ketonic or aldehydic solvents, gradually passes into the 
isomeric B-oxime. Unfortunately, no pure substance could be isolated 
from the viscous residues which were obtained on evaporating solutions 
in which mutarotation had taken place, nor could pure /-benzoin-B- 
oxime be isolated. Evidence has, however, been obtained to show that 
the latter is strongly dextrorotatory. 

To test the relationship between /-benzoin-a-oxime and /-benzoin, the 
former was treated according to the method given by Lapworth (Trans., 
1907, 91, 1133) for the decomposition of camphoroxime. 

1-Benzoin-a-oxime (0°9 gram) was warmed with a solution of form- 
aldehyde (20 c.c.) and concentrated hydrochloric acid (15 c,c.). The 
oxime rapidly passed into solution, from which a white precipitate 
soon began to separate. After warming for twenty-five minutes, the 
reaction mixture was poured into water. The precipitate which 
separated was identified as /-benzoin by its melting point and rotation. 
No Walden inversion was thus detected. 
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Interaction of 1-Benzoin-a-oxime and Concentrated Sulphuric Acid. 


The configuration of the a- and f-oximes of r-benzoin has been 
studied more particularly by Werner and Detscheff (Ber., 1905, 38, 
73), Werner and Piguet (Ber., 1904, 37, 4295), and E. Fischer and 
Hiitz (Ber., 1895, 28, 585). The latter investigators showed that the 
a-oxime is converted in good yield into a-phenylindoxyl by the action 
of cold concentrated sulphuric acid. Since a rather impure specimen 
of r-benzoin-B-oxime under the same conditions gave only a small 
amount of a-phenylindoxyl, the formation of which was probably 
attributable to the r-benzoin-a-oxime present, it follows that the latter 
contains the -OH and -CH(OH):-C,H, groups in the cis-position. Its 
transformation into a-phenylindoxyl may then be represented by the 
equation : 

C.H;"C-CH(OH)°C,H; _ C,H,"C—0-0H + HO. 
N-OH HN—C,H, " 

Werner and Detscheff (Joc. cit.) have shown that pure r-benzoin-- 
oxime does not yield a-phenylindoxyl when acted on by sulphuric 
acid. 

The action of concentrated sulphuric acid on /-benzoin-a-oxime was 
carried out in accordance with the directions given by Fischer and 
Hiitz (loc. cit.). Yellow needles were obtained which showed all the 
reactions of a-phenylindoxyl. They melted at 170°5—171°, gas evolu- 
tion and decomposition occurring at a slightly higher temperature. 
When mixed with an approximately equal quantity of a-phenylindoxy]l, 
prepared from pure r-benzoin-a-oxime, the melting point was prac- 
tically unchanged (170°5°) with the same phenomena as previously 
noticed. “Fischer and Hiitz quote “about 175°” as the melting point 
of a-phenylindoxyl. It follows then that, if the Hantzsch- Werner 
interpretation of the isomerism of oximes is accepted, the configuration 
of tiie acinomae. “O* a ob Colts, 


Attempted Isolation of |-Benzoin-B-oxime. 


In the preparation of /-benzoin-a-oxime it was noticed that consider- 
able loss occurred when the crude oxime was purified by recrystal- 
lisation from benzene. The benzene mother liquors were therefore 
evaporated to dryness in a vacuum, when a pasty mass, mixed with a 
few solid particles, remained, which did not solidify further when kept 
in a vacuum during several weeks. It was mixed with a small quantity 
of ether, and the solution so obtained filtered from the small quantity 
of undissolved /-benzoin-a-oxime. When the ethereal filtrate was 
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again evaporated in a vacuum, a pasty mass again resulted, which 
dissolved in practically all organic solvents, and could not be obtained 
from them in a crystalline state. By dissolving the mass in warm 
carbon tetrachloride and cautiously adding light petroleum, a small 
amount of solid was precipitated, which, after drying, melted 
indefinitely at 136—154° Its specific rotation was determined in 
ethyl-alcoholic solution : 
1=2, c=0°896, ay +1°'18°, [a], + 65°8°. 

l-Benzoin-a-oxime has [a] + 4°4° in ethyl-alcoholic solution. Since 
Werner and Detscheff (Joc. cit.) have shown that the production of 
racemic B-oxime always accompanies that of the racemic a-oxime, it 
appears valid to conclude that the above compound was crude 
l-benzoin-B-oxime. The amount of material was too small to allow 
further purification. 

An attempt was then made to prepare /-benzoin-G-oxime directly, 
according to the directions given by Werner and Detscheff (loc. cit.) 
for the preparation of r-benzoin-B-oxime. 

l-Benzoin (2 grams) was covered with a mixture of ethyl alcohol 
(8 grams) and water (12 grams). To this a solution of hydroxyl- 
amine hydrochloride (0°9 gram in 2 ¢.c. of water), mixed with 10°4 c.c. 
of 2‘5N-sodium hydroxide solution, was added. The mixture was 
warmed in the water-bath at 50—60° with brisk shaking until, after 
eighteen minutes, all the benzoin had passed into solution. After 
cooling, the mixture was poured into water, and the oxime liberated by 
carbon dioxide and extracted with ether. After drying the ethereal 
solution and removing the ether, a pasty mass remained which did not 
solidify completely. It was redissolved in dry ether, and, on allowing 
the ethereal solution to evaporate gradually, two small crops of crystals 
were obtained, which melted at 151—152° and 149—150° respec- 
tively. When united and examined in acetone solution, they were 
found to be optically inactive, and therefore consisted of r-benzoin-a- 
oxime. The ethereal solution, from which the crops had been re- 
moved, was strongly dextrorotatory. The whole solution, examined in 
a l-dem. tube, had ay +6°66°. Further efforts to obtain a solid oxime 
from it were fruitless, viscous products being invariably obtained which 
could not be caused to crystallise. 


Interaction of 1-Benzoin and Semicarbazide Hydrochloride. 


Biltz (Annalen, 1905, 339, 257) has described the preparation of 
r-benzoinsemicarbazone by the interaction of an alcoholic suspension 
of r-benzoin and an aqueous solution of semicarbazide hydrochloride. 
An attempt was made to prepare /-benzoinsemicarbazone by the same 
method, ' 
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l-Benzoin (2 grams) was dissolved in boiling ethyl alcohol (47 c.c.) 
and the solution rapidly cooled to the ordinary temperature, where- 
upon a portion of the benzoin separated. After the addition of a 
solution of semicarbazide hydrochloride (1 gram) in water (3 c.c.), the 
mixture was shaken in a thermostat at 25° during five days. The 
clear yellow solution so formed was evaporated to dryness in a vacuum, 
and the residue washed with water and recrystallised from aqueous 
alcohol. The crystals so obtained melted at 129—131°, and proved to 
be slightly racemised /-benzoin : 

0°1284 gave 0°3716 CO, and 0°0667 H,O. C=78:9; H=5°8. 

C,,H,,0, requires C=79'2 ; H=5°7 per cent. 
1=2, c=1'1295, ap — 2°39°, [a]p — 105°8°. 


Preparation of Phenylacetylearbinol. 


It was hoped that a series of optically active ketols, of the general 
formula C,H,-CH(OH)-CO-R, might be obtained by the action of 
Grignard’s reagent on /-mandelamide. As a preliminary experiment, 
the reaction of r-mandelamide with magnesium methyl iodide was 
investigated, when phenylacetylearbinol was obtained in small yield. 
This ketol is a liquid. Assuming that the active isomeride is also a 
liquid, it would be difficult to prove that it contained none of the 


inactive variety, if prepared by this method. This line of work was 
therefore abandoned for the present. 

r-Mandelamide (20 grams) was gradually added, within an interval 
of twenty-five minutes, to a well-cooled solution of the Grignard 
reagent prepared from magnesium (18°8 grams), methyl iodide 
(111°2 grams), and ether (250 c.c.). When all the amide had been 
added, the reaction mixture was gently boiled during eight and a-half 
hours, after which it was decomposed by ice and sulphuric acid in the 
usual manner. The liberated phenylacetylcarbinol was extracted with 
ether and obtained asa pale yellow oil (3°5 grams), which boiled at 
138—140°/23 mm. : 

0°1578 gave 0°4140 CO, and 0:0966 H,O. C=716; H=6°8. 

C,H,,0, requires C=72°0; H=6°7 per cent. 

Phenylacetylcarbinol, C,H,-CH(OH)-CO°CH,, unlike methylacetyl- 
carbinol described by Diels and Stephan (Ber., 1907, 40, 4338), does 
not solidify when placed in a freezing mixture, when preserved 
during several months, or when brought into contact with metallic 
zinc. It is insoluble in water, but readily miscible with organic 
solvents. It reduces Fehling’s solution, alkaline permanganate, and 
ammoniacal silver solution in the cold. In alcoholic aqueous solution 
it gives no coloration with ferric chloride. 

Carapelle (Gazzetta, 1903, 33, [ii], 263) has prepared the same sub- 
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stance from benzyl methyl ketone. He gives the boiling point as 
135°/40 mm. 

Phenylacetylcarbinolsemicarbazone separates from boiling toluene as 
a white, amorphous powder, and melts at 194°. It is sparingly soluble 
in boiling toluene, benzene, ether, chloroform, or acetone, moderately 
so in boiling methyl or ethyl alcohol, and readily so in boiling glacial 
acetic acid : 

0°1589 gave 0°3360 CO, and 0:0905 H,O. C=57'7; H=6°4, 

01508 ,, 263 cc. N, at 18° and 760mm. N=20°5. 

C,,H,,0,N, requires C=58-0; H=6°3; N=20°3 per cent. 


The author desires to express his indebtedness to the Research Fund 
Committee of the Chemical Society for a grant, which has defrayed 
a portion of the expense of this research. 


BIRKBECK COLLEGE, 
Lonpon, E.C. 


CLXXX.—Racemisation Phenomena observed in_ the 
Study of \-Benzoin and its Derivatives. 


By Henry WReEN. 


In a recent paper entitled ‘‘ Studien iiber katalytische Razemisierung,” 
Winther (Zeitsch. physikal. Chem., 1906, 56, 465) has divided the 
known cases of racemisation—which is defined as the transformation 
of an optically active substance into an isomeric inactive substance— 
into four classes: (1) autoracemisation, (2) racemisation by heat, (3) 
racemisation due to the catalytic action of water or bases, and (4) racemi- 
sation due to other catalysts, for instance, hydrochloric acid, sulphuric 
acid, and aluminium chloride. In close connexion with this phenomenon 
are those cases in which optical activity is wholly or partly lost during 
the conversion of an optically active substance into one of its 
derivatives. 

During a study of the derivatives of /-benzoin, frequent instances of 
racemisation have been encountered. /-Benzoin ethy] ether is partly, and 
carbanilido-/-benzoin completely, racemised under the action. of heat. 
l-Benzoin and its methyl ether are completely and rapidly racemised 
by the action of alcoholic potash or sodium ethoxide. Further, methyl 
l-mandelate undergoes partial racemisation during conversion into 
l-mandelamide by the action of cold ethyl-alcoholic ammonia, whilst 
under the action of benzoyl chloride at a rather high temperature, of 
aniline at 100°, and of a saturated solution of hydrogen chloride in 
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ethyl alcohol at a temperature not exceeding 40°, /-benzoin is converted 
into derivatives of inactive benzoin. Lastly, /-benzoin-a-oxime under- 
goes partial racemisation when acetylated by means of acetic anhydride. 
The racemisation of /-benzoin and of its methyl ether by alkali is of 
special interest, since it is probably attributable to keto-enolic change. 
Such a possibility in the case of r-benzoin has been indicated by 
several investigators. Thus Graebe (Ber., 1898, 31, 2975) showed 
that benzoin, under the influence of sulphuric acid, condenses with 
gallic acid to form benzoin-yellow. The assumption is made that 
benzoin is first converted into w-dihydroxystilbene, thus : 
C,H,*CH(OH)-CO-C,H, — C,H,-C(OH):C(OH)-C,H,, 
which then reacts in accordance with the equation : 


CPh*OH OH 


(Now = 110 + (SK 


\ j= 

Similarly, Haworth (Trans., 1909, 95, 486) has shown that benzoin 
condenses with the sodium derivative of ethyl cyanoacetate, forming 
ad-dicyano-By-dipheny]-A*-butene-ad-dicarboxylic acid, a reaction which 
is explicable on the assumption that benzoin is first converted into 
w-dihydroxystilbene, and that this substance then condenses with the 
sodiocyano-ester according to the following scheme : 

C,H,-CH-OH C,H;"C-OH ‘nti C,H,*C-CH(CN)-CO,H 

C,H,*CO —> 0,H,-C-0H C,H,"C-CH(CN):CO,H - 


Benzoin. *Enolic form. 


The reverse transformation, that of w-dihydroxystilbene into 
benzoin, occurs, according to Thiele (Annalen, 1899, 306, 142), when 
benzil is reduced to benzoin, the course of the reaction being indicated 
by the scheme : 


C,H," C,H, "Ce OH C,H,-CH:OH 
0,H,: > 6,H,C:OH ~* 0,H,-Co 
Although tila, itself could not be isolated, deriv- 
atives of it were obtained by Thiele. Thus, when a solution of benzil 
in acetic anhydride, to which a little sulphuric acid had been added, was 
reduced by zinc dust, two stereoisomeric forms of w-diacetoxystilbene 
were obtained, each of which yielded benzoin when hydrolysed with 
alcoholic potash. Similarly, Nef (Annalen, 1899, 308, 289) showed 
that the addition of acetic anhydride to the product of the action of 
sodium on a dry ethereal solution of benzil resulted in the formation 
of w-diacetoxystilbene, a product identical with one of the reer 
previously obtained by Thiele. 
A similar transformation is to be expected with /-benzoin, the active 
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benzoin passing into inactive w-dihydroxystilbene, from which inactive 
benzoin would be regenerated : 
C,H,-CH-OH C,H, *C-OH _» O,H,-CH:OH 
C,H,CO  ~° O,H,C-OH <~ 0,H,-CO 
645 6 
Active. Sanctiine. Renetiine, 

l-Benzoin might thus be expected to undergo autoracemisation. In 
ordinary circumstances, however, the velocity of transformation of 
Lbenzoin into w-dihydroxystilbene is so slow that the substance behaves 
as a stable active compound. Thus a solution of /-benzoin in acetone 
was found to retain its activity unchanged during eight days, whilst 
a crystalline specimen showed no change in activity during three 
months. 

The presence of a trace of alkali has been repeatedly shown to 
favour the enolic form in the case of keto-enolic desmotropy. In the 
case of /-benzoin, the presence of potassium hydroxide or of a trace of 
sodium ethoxide so increases the velocity of the reaction /-benzoin — 
w-dihydroxystilbene that, in the course of a few hours, the active 
benzoin is completely converted into the inactive form. In neither of 
the above cases was direct polarimetric observation possible, since the 
addition of alkali causes alcoholic solutions of benzoin to acquire a 
purple coloration. This disadvantage is not encountered when /-benzoin 
methyl ether is used. It could then be shown that a solution of the 
latter in cold alcoholic potash (0°1131) became completely inactive 
within five minutes, whilst, under the action of sodium ethoxide, an 
alcoholic solution of the same substance showed no activity after 
three and a-half hours. 

In a few cases, racemisation has previously been attributed to keto- 
enolic change. Kipping (Proc., 1902, 18, 34; compare Salway and 
Kipping, this vol., 167) ascribes the ready racemisation of d-@-methyl- 
hydrindone by alkali to isodynamic change according to the scheme: 


OE L<Y ~ te _s OH <G Gee OHs —> 
OBO, + Og <OB SoCs, 


whilst the transformation of d-camphoric acid into /-isocamphoric acid 
when heated with water is probably also due to the same cause 
(compare Lowry, Brit. Assoc. Report, 1904, 211). 


° EXPERIMENTAL. 


Interaction of Methyl \-Mandelate and Alcoholic Ammonia. 


The conversion of methyl /-mandelate into -mandelamide has been 
described by McKenzie and Wren (Trans., 1908, 93, 312). A more 
extended study of this reaction has shown that this change is apt to 
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be accompanied by a certain amount of racemisation. In order to 
obtain the maximum yield of /-mandelamide, the experimental con- 
ditions have been slightly altered. The following experiment may be 
considered as typical : 

A solution of methyl /-mandelate (74 grams, [a], — 236° for c= 3-6335 
in carbon disulphide solution*) in ethyl alcohol (74 ¢.c.) was cooled in 
ice and treated with a brisk current of dry ammonia during thirty 
minutes. Subsequently, the ice was replaced by a freezing mixture of 
ice and salt, and the passage of ammonia continued for a further 
period of forty-five minutes. The flask was tightly corked, when, 
after a few hours, a copious precipitate of /-mandelamide separated. 
The next day the mixture was cooled in a freezing mixture and the 
precipitate collected, ground with ether, and again filtered. The yield 
of /-mandelamide was 44 grams. Its specific rotation was determined 
in acetone solution : 

2=2, c=1°685, ap — 2°42°, [a], — 71°8° 
The pure amide (Joc. cit.), dissolved in acetone, has [a], —73°1° 
(c= 1°6416). 

The alcoholic-ammoniacal filtrate obtained above was evaporated in 
a vacuum at the ordinary temperature. The semi-solid mass which 
remained was triturated with ether and filtered, whereby a further 
crop (4°5 grams) was isolated, which, when dissolved in acetone, had 
[a]p — 624°, and thus contained some of the r-amide : 


1=2, c=2:235, ay — 2°79°, [a]) — 62°4°. 


The conversion of the ester into amide is never complete. The 
unattacked ester was recovered by washing the ethereal solutions, 
obtained during the purification of the crude amide, successively with 
water, dilute sulphuric acid, and finally with water. After drying the 
solution over anhydrous sodium sulphate and removal of ether, the 
residue was distilled under diminished pressure. The ester so recovered 
from different] experiments possessed specific rotations varying 
between -— 198° and -— 227° when dissolved in carbon disulphide. 
l-Mandelamide itself does not appear to suffer racemisation when its 
solution in cold alcoholic ammonia is allowed to remain at the ordinary 
temperature for some time. Thus a partly racemised specimen of 
the amide, which possessed [a], —62°8° in acetone solution, was 
dissolved in alcohol and the solution saturated with ammonia. The 
solution was kept for six days at 10°, after which the alcohol and 
ammonia were removed under diminished pressure at the ordinary 


* Walden (Zettsch. physikal. Chem., 1895, 17, 706) gives the values [a]) — 214°1° 
for c=3°33 and [a]) —217°0° for c=1°67 for the specific rotation of methyl /-man- 
delate in carbon disulphide. The examination of several specimens of the ester has 
shown that this value is rather low. 
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temperature. The residual amide had [a], —62°3° in acetone 
solution : 
T= 2, c=3°306, ap — 4'12°, [a], — 62°3°. 

Partly racemised /-mandelamide cannot be economically purified 
by recrystallisation if its specific rotation falls below about -— 65°. 
In one case, a sample of amide (7 grams), possessing [a], — 60° in 
acetone solution, was purified by recrystallisation from a mixture 
of acetone (1 vol.) and benzene (4 vols.). The crop weighed 
5°6 grams, and gave the following value for the specific rotation in 
acetone : 

t=2, c=2°10, ap — 2°61°, [a], — 62°1°. 

After two more recrystallisations from the same mixture of solvents, 

this value had only increased to — 62°8°: 
1=2, c=3°05, ap — 3°83°, [a], — 62°8°. 

Possibly r-mandelamide and /-mandelamide have the tendency to 

form mixed crystals, 


Conversion of 1-Mandelamide into |-Benzoin. 


The preparation of J-benzoin by the action of magnesium phenyl 
bromide on /-mandelamide has been described by McKenzie and Wren 
(loc. cit.). Further experience has shown that it is not necessary 
to heat the mixture of amide and Grignard reagent for more than six 
hours instead of eight, as previously described. The crude reaction 
product, isolated as in previous experiments, possesses, after one 
recrystallisation from methyl alcohol, a specific rotation of approxi- 
mately — 110° in acetone solution, and is sufficiently pure to serve as 
the starting point for the preparation of derivatives of /-benzoin. 
Pure /-benzoin has [a], —118°6° in acetone. As the mean of many 
experiments, 10 grams of /-mandelamide have been found to yield 
2°5 grams of /-benzoin, 

Partly racemised /-benzoin cannot be purified by recrystallisation 
if its specific rotation falls below about — 100°. An impure specimen 
having [a], — 82°9°, after one recrystallisation from methyl alcohol, 
had [a], —87°8°, but after two further recrystallisations from the 
same solvent, this value had only increased to — 88°8°. 

In consequence of the partial racemisation which occurs when 
methyl /-mandelate is converted into /-mandelamide, and of the 
difficulty of purifying partly racemised specimens of /-mandelamide 
and /-benzoin, it is necessary to take special precautions that the 
methyl /-mandelate used as a starting point for the preparation of 
pure /-benzoin is as pure as possible. In one series of experiments, a 
specimen of methyl /-mandelate having [a], —212°6° (c=2°2715) in 
carbon disulphide solution was employed. Successive preparations of 
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amide possessed [a], —64°7° and —65-1° respectively when dissolved 
in acetone. These were converted into /-benzoin, which, after two 
recrystallisations from methyl alcohol, had [a], —101-8°, this value 
being increased to only —104°8° after another recrystallisation from 


the same solvent. 
Racemisation of 1-Benzoin. 


Although /-benzoin is readily racemised by alkali, it does not appear 
to undergo autoracemisation. Thus /-benzoin (0°3599 gram) was 
dissolved in acetone, and the solution made up to 20c¢.c. A portion 
of this solution, when examined in a 2-dem. tube, had a, — 417°. The 
remainder was kept fora week. When brought into a 2-dem. tube, 
its rotation was found to be identical with that of the first portion. 
Also a crystalline specimen of /-benzoin showed no change in activity 
during three months, the values for the specific rotation at the 
beginning and end of that period being respectively —115°9° and 
— 116°3°. 

The action of alkali on /-benzoin was studied in the following 
manner. J/-Benzoin (1 gram) was boiled for thirty minutes with 
50 cc. of alcoholic potash (1 c.c.=0:0065 gram KOH). The purple 
solution was poured into water (200 c.c.). After some time, the 
precipitated benzoin was collected and dried in a vacuum over sulphuric 
acid. Its solution in acetone was optically inactive. The crude 
product was recrystallised from methyl alcohol, after which it melted 
at 132°5—134°. In acetone solution it was optically inactive. 

To a solution of /-benzoin (0°22 gram) in ethyl alcohol (20 c.c.), two 
drops of sodium ethoxide solution were added, after which it remained 
at the laboratory temperature during twenty-one hours. The solution 
was then poured into water, and the precipitated benzoin isolated as 
above. The latter was optically inactive when dissolved in acetone. 


Racemisation of 1-Benzoin Methyl Ether. 


l-Benzoin methyl ether (0°2364 gram) was dissolved in cold alcoholic 
potash (0113) and the solution made up to 20 c.c. After an interval 
of five minutes, no optical activity could be detected (7=4). Similarly 
a few drops of dilute sodium ethoxide solution were added to a 
solution of /-benzoin methyl ether in absolute ethyl alcohol. Five 
minutes after addition, the activity of the solution had diminished 
to two-thirds of its original value ; after thirty minutes to rather less 
than a-half, whilst at the end of three and a-half hours no activity 


was observable. 
Ethylation of 1-Benzoin. 


An attempt was made to prepare /-benzoin ethyl ether by Fischer’s 
hydrochloric acid method, since Irvine and MecNicoll (Trans., 1908, 93, 
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1601) have shown that r-benzoin can be ethylated in this manner 
without the formation of by-products, such as were encountered when 
v-benzoin was methylated. It was found, however, that complete 
racemisation had occurred under the following conditions. 

A solution of /-benzoin (2 grams) in dry ethyl alcohol (30 grams) 
was saturated with dry hydrogen chloride, first at 30—40° and 
subsequently at the temperature of the laboratory. After five days, 
the solution, which showed only feeble reducing action towards boiling 
Fehling’s solution, was poured into water and the emulsion extracted 
with ether. The solid, obtained from the ethereal extract, was 
purified by crystallisation from boiling light petroleum, when 1:3 
grams of substance were obtained, which, after a second crystallisation, 
melted at 60°5—61:‘5°. This product when dissolved in benzene 
yielded an optically inactive solution. The melting point of r-benzoin 
ethyl ether is given by Irvine and MeNicoll (/oc. cit.) as 62—63°, whereas 
Fischer (Ber., 1893, 26, 2415) gives 62° and Lander (Trans., 1900, 
77, 733) 58—58°5°. On analysis : 


0°1562 gave 0°4597 CO, and 00974 H,O. C=803; H=7°0. 
C,,H,,0, requires C= 80°0; H=6°7 per cent. 


Racemisation was shown to be complete by evaporating to dryness 
the mother liquor from the first recrystallisation and polarimetrically 
examining the solution of the residue in acetone. 

It thus appears that /-benzoin and alcoholic hydrogen chloride inter- 
act to form r-benzoin ethyl] ether. 

The silver oxide method was next employed for the ethylation of 
l-benzoin. To a solution of /-benzoin (4 grams = 1 mol.) and ethyl 
iodide (26:5 grams=9 mols.) in acetone (60 c.c.), dry silver oxide 
(13:1 grams=3 mols.) was added. The mixture was cautiously 
heated to its boiling point and maintained at this temperature during 
two and a-half hours. After filtration from silver oxide and iodide 
and removal of acetone, an oil remained which had the odour of ethyl 
benzoate. Since it was possible that complete alkylation had not 
taken place, the product was dissolved in acetone (30 c.c.) and re- 
alkylated by treatment with half the above quantities of ethyl iodide 
and silver oxide. After removal of silver oxide, silver iodide, and 
acetone as before, an oil was obtained which could not be caused to 
cerystallise. As it was conceivable that the oily nature of the product 
was due to the presence of ethyl benzoate, the latter was removed by 
steam distillation, but the residue could be obtained in no form other 
than an oil. It was accordingly distilled under diminished pressure. 
Under 6 mm. pressure a viscous, yellow oil of indefinite boiling point 
(up to 175°) was obtained, which slowly solidifies when placed in a 
freezing mixture. The solid was recrystallised from a small quantity 
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of boiling light petroleum. The whole filtrate, from which the crystals 
had been removed, when examined in a l-dem. tube had ap +8°08°. 
The crystals, which melted indefinitely at 54—61°, were polari- 
metrically examined in chloroform solution : 
T=2, c=1°913, ap —0°22°, [a] —5°7°. 
The chloroform solution was evaporated to dryness, and the residue 
examined in heptane solution : 
T=2, c=1°615, ap +1°21°, [a], +37°4° 
The amount of substance was insufficient for further purification. 
It appears, therefore, that the product obtained was partly 
racemised /-benzoin ethyl ether, the optical properties of which are 
analogous to those of the methyl ether (see preceding paper). Race- 
misation is presumably due to the high temperature necessary for 
distillation, since it is improbable that the mechanism of methylation 
and ethylation by the silver oxide method differ, and in the former 
case a fully active product was readily isolated. 


Racemisation of Carbanilido-l-benzoin. 


It has been pointed out in the previous paper that carbanilido-/- 
benzoin melts at 121°5°, but solidifies again when heated slightly above 
this temperature, ultimately re-melting at 163°5°. The coincidence of 
this latter melting point with that of carbanilido-r-benzoin suggested 
that racemisation had taken place. To test this point, carbanilido-l- 
benzoin was heated in a soft glass tube for ten minutes at 130° and 
then for eight minutes at 150°. The product, which had solidified 
at the sides of the tube but not throughout the mass, was cooled and 
polarimetrically examined in acetone solution, when it proved to be 
but slightly racemised : 

t= 2, c=0°8065, ap — 3°35°, [a], —207°7°. 

Pure carbanilido-/-benzoin has [a]/} -—214°8° for c=0°6528 in 
acetone. 

The substance was therefore further heated during three and a-half 
hours at 140°, after which its solution in acetone was found to be 
optically inactive. It melted at about 163°. 

In the above experiment, as also in the determination of the melting 
point, it was observed that the portions in contact with the glass 
were invariably the first to solidify, namely, to racemise. It would 
thus appear that racemisation is not conditioned solely by heat, but 
also by specific contact actipn of the glass, 
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Interaction of |-Benzoin and Aniline. 


With the object of investigating the optical behaviour and action 
towards alkali of J/-benzoinanilide, /-benzoin was condensed with 
aniline. 

A mixture of /-benzoin (2°7 grams) with aniline (1°5 grams) was 
heated at 100° for four and a-half hours. The product melted at 
97°5—99°, and was quite inactive. This melting point was practically 
unaltered by admixture with an approximately equal quantity of 
r-benzoinanilide (m. p. 98—99°) which had been prepared from 
r-benzoin and aniline. The product of the reaction was therefore 
r-benzoinanilide. 


Interaction of 1-Benzoin and Benzoyl Chloride. 


The preparation of benzoyl-r-benzoin by heating together r-benzoin 
and benzoyl chloride has been described by Zinin (Annalen, 1857, 104, 
116). An attempt was made to benzoylate /-benzoin in the same 
manner. 

1-Benzoin (1‘2 grams) was gently heated with re-distilled benzoyl 
chloride (2 grams). Evolution of hydrogen chloride started at 75°. 


After solution of the benzoin was complete at 100°, heating was 
continued in an oil-bath. Brisk evolution of hydrogen chloride 
occurred at 150°. The temperature was finally gradually raised to 
195°, at which point gas evolution ceased. The cooled mixture was 
vigorously agitated with 75 per cent. alcohol (20 c.c.), whereupon it 
solidified. After three crystallisations from 80 per cent. alcohol, 
a well-crystallised product was obtained, which melted at 124—125° 
and was optically inactive in chloroform solution. Benzoyl-r-benzoin, 
according to Zinin, melts at 125°: 

0:1779 gave 0:5199 CO, and 0°0777 H,O. C=79'7; H=4°9. 

C,,H,,0, requires C=79-7 ; H=5'l per cent. 
The substance obtained was therefore benzoyl-r-benzoin. 


Acetylation of 1-Benzoin-a-oxime. 


l-Benzoin-a-oxime (1°6 grams) was covered with redistilled acetic 
anhydride (4 grams). With considerable development of heat, the 
oxime rapidly passed into solution, from which, on cooling, crystals 
separated. These were recrystallised from light petroleum (b. p. 
60—80°), when colourless needles were obtained which melted at 
86:5—87°. Their specific rotation was determined in benzene 
solution : 

1=4, c=0°648, af’ — 0°66°, [a]}? — 25°5°. 
VOL. XCv, 5 .N 
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In the light of the following observations, it is doubtful, however, 
if this product was optically pure. 

In the hope of obtaining a better yield of the acetyl derivative, the 
experimental conditions were slightly altered in a second attempt. 
l-Benzoin-a-oxime (0°8 gram) was covered with acetic anhydride 
(2 grams), Solution of the oxime readily took place. After standing 
for thirty minutes, the mixture was placed in a vacuum desiccator 
over soda-lime in order to remove excess of acetic anhydride and 
acetic acid. The solid which remained was recrystallised from light 
petroleum. The colourless needles so obtained melted at 87:5—88°, 
and were polarimetrically examined in benzene solution : 

[=4, c=0°974, aj} —0°85°, [a]? — 21°8° 

The observed angle did not change during twenty-one hours. After 
a second recrystallisation, the specific rotation was again determined 
in benzene solution : 

l=4, c=0°7952, al’ —0°75°, [a]? — 23°6°. 

Although the relative quantities of oxime and acetic anhydride 
were the same in both experiments, it will be observed that the pro- 
duct obtained in the second case was less active than in the first. 
This slight difference must be attributed to prolonged contact of the 
oxime, or more probably of its acetyl derivative, with acetic anhydride. 
A third experiment was made, in which the amount of the latter 
reagent was greatly reduced. A partly racemised product again 
resulted. 

l-Benzoin-a-oxime (1°3 grams) was allowed to stand with acetic 
anhydride (1-1 grams) during fifteen minutes. The semi-solid reaction 
product was then brought into water, and the precipitated acetyl-l- 
benzoin-a-oxime collected, dried, and twice crystallised from boiling 
light petroleum. The colourless needles so obtained melted in- 
definitely at 89—96°. Their specific rotation was determined in 
benzene solution : 

t=4, c=1°8452, af/* — 115°, [a]? — 15°6° 

In this last experiment, owing to the reduction in the amount of 
acetic anhydride, the temperature attained by the reaction mixture 
was considerably higher than in the former cases. The extensive 
racemisation may be ascribed largely to this factor. 


In conclusion, the author wishes to express his gratitude to 
Dr. Alex. McKenzie for the interest which he has taken in the work 
recorded in this and the preceding paper. 


BIRKBECK COLLEGE, 
Lonpon, E.C. 
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CLXXXI.—Dtrketodiphenylpyrroline and its Analogues. 


By Siecrriep Runemann. 


Ir has recently been shown (this vol., 984) that, whilst the sodium 
compounds of fatty or fatty-aromatic amides react with ethyl phenyl- 
propiolate to form diacylimides, the metailic derivatives of benzamide 


ee , , _ o-oo 
. 
or o-toluamide yield diketodiphenylpyrroline, Gph: oppo NE or its 


homologue respectively. It was stated, also, that this reaction seems 
to be typical of the behaviour of aromatic amides with ethyl phenyl- 
propiolate. The correctness of this view follows from the fact that 
analogues of diketodiphenylpyrroline are produced on using the sodium 
compounds of m- or p-toluamide, of cuminamide, anisamide, or piperonyl- 
amide. These substances have a deep colour, which varies from dark 
red to brown or black. The latter colour, accompanied by a beautiful 
metallic lustre, is characteristic of the diketopyrrolines which are formed 
from anisamide and piperonylamide. They all readily yield pheny]l- 
hydrazones, which are orange, and differ only slightly in shade ; these 
are sparingly soluble in cold alcohol, and this property, together with 
their melting points, may be used for isolating and identifying the 
diketopyrrolines, especially those which, on account of the ease with 
which they dissolve in alcohol, cannot readily be purified. The 
diketopyrrolines have the common property of dissolving in dilute 
alkalis to form blue solutions, which, however, rapidly turn yellow. 
This behaviour indicates their resemblance to isatin, and this is 
also shown in the similarity of the formation and the behaviour of 
their oximes. The oximes of diketodiphenylpyrroline and isatin are 
yellow ; they both dissolve readily in alkalis to yield brown solutions. 
By the action of zinc dust and acetic acid, however, isatin yields 
isatide, C,,H,,0,N,, whereas the diketopyrroline combines with two 
atoms of hydrogen and forms the compound C,,H,,0,N. This was 
P : . — CO, 
regarded (loc. cit.) as diketodiphenylpyrrolidine, OHPh: oHpro eH ; 
an ee cannot be excluded. 
According to the latter view, the reduction product would appear as 
an analogue of dioxindole, and therefore ought to resemble dioxindole 
and benzoin in properties. ‘This, however, is not the case, for the 
latter compounds do not yield a colour reaction with ferric chloride, 
whereas the reduction product of diketodiphenylpyrroline gives a 
bluish-green coloration on the addition of ferric chloride to its 
5 N 2 


yet, a priori, the formula 
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alcoholic solution. This fact proves the correctness of the view 
that the compound C,,H,,0,N is diketodiphenylpyrrolidine. This 
constitution, moreover, is supported by the following consideration. 
Diketodiphenylpyrrolidine may be represented by the tautomeric 
_ C(OH)-C(OB) 
formula : CPh—CHPh 
pound to catechol. This relation, indeed, exists, for both compounds 
give similar colorations with ferric chloride, are readily soluble in 
dilute alkalis, and reduce ammoniacal silver solutions. The presence 
of an ethylene linking in diketodiphenylpyrroline is proved, not only 
by the ease with which the substance combines with hydrogen, but 
also by its uniting with bromine to form dibromodiketodipheny]l- 
| seme *, 
BrPh: CBrPh> ar 

The results arrived at in the course of the study of the reaction of 
ethyl phenylpropiolate with amides induced me to investigate the 
behaviour of the acetylenic ester towards monosubstituted carb- 
amides, That the latter substances, on treatment with sodium 
ethoxide, form metallic derivatives had been previously shown by 
Blacher (Ber., 1895, 28, 433) in the case of phenylcarbamide ; these 
metallic compounds, however, do not condense with the ester to form 
cyclic substances, but acyl derivatives of carbamide are produced. 
This reaction, therefore, is similar to that between fatty or fatty- 
aromatic amides and ethyl phenylpropiolate (compare Ruhemann, 
this vol., 987). For the compound which is formed from pheny]l- 
carbamide, the following formule are possible : 


CPhiC-CO-NH:CO-NHPh (I.) or CPhiC:CO*-NPh:CO-NH, (IL) 


The first, however, according to which the sodium derivative of 
phenylcarbamide is to be represented by C,H,-NH-CO-NH°Na (III), 
appears to be more probable for the following reason. Some time ago, 
Ruhemann and Stapleton (Trans., 1900, 77, 239) showed that, in the 
presence of sodium ethoxide, carbamide reacts with ethyl phenyl- 
propiolate to yield a yellow compound, which, from the fact that on 
boiling with potassium hydroxide it yields phenylpyruvic acid, has 


the constitution: OH, CHIOS o: Phenylpropiolylphenylearb- 


SSN, which points to the relation of the com- 


pyrrolidine, 


amide, however, is colourless, and behaves towards alkalis quite 
differently from benzylidenehydantoin. It follows, therefore, that the 
sodium derivative of phenylcarbamide is to be expressed by (III), and, 
accordingly, phenylpropiolylphenylearbamide by (I); again, if sodio- " 
phenylearbamide had the formula C,H,*NNa:CO-NH,, and the 
product of its reaction with ethyl pheny]propiolate the formula (11), 
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it was to be expected that it would condense to a cyclic compound 
similar to benzylidenehydantoin. 


EX PERIMENTAL. 
; , , , C(:NOH)-CO ’ 
Oxime of  Ditketodiphenylpyrroline, én opro N4. — This 
compound is readily formed by the method which Marchlewski (Ber., 
1896, 29, 1031) used for the preparation of isatoxime. For this 
purpose the pyrroline (1 gram) is dissolved in hot glacial acetic acid, 
and the solution, after the addition of hydroxylamine hydrochloride 
(0°5 gram) and an excess of sodium acetate, boiled for a short time. 
The deep red colour disappears, and a yellow solid separates. This 
is insoluble in water, sparingly soluble in ether, more readily so in 
boiling alcohol, and, on cooling the concentrated alcoholic solution, 
cerystallises in small, yellow needles, which melt and decompose at 
200—201°: 
0°1497 gave 14 c.c. N, at 20° and 760 mm. N=10°69. 
C,,H,,0,N, requires N = 10°60 per cent. 
The oxime dissolves in cold dilute potassium hydroxide, as well as in 
sodium carbonate, yielding brown solutions, from which the oxime 


is precipitated unchanged on the addition of hydrochloric acid. 
oo) 


Dibromodiphenyldiketopyrrolid ine, dBrPh: OBrPh> SN AS pre- 


viously stated, diketodiphenylpyrroline, on treatment with zine dust 
and acetic acid, is reduced to diketodiphenylpyrrolidine. This readily 
dissolves in dilute potassium hydroxide to form a colourless solution, 
from which the pyrrolidine is precipitated on the addition of mineral 
acids. Diketodiphenylpyrroline also combines with bromine, and is 
transformed into the dibromo-derivative. This is prepared by adding 
bromine (0 6 gram) to the pyrroline (1 gram) dissolved in glacial acetic 
acid, when the deeply-coloured solution turns light red and, on pouring 
it into water, yields a solid. This is sparingly soluble in light 
petroleum, moderately so in hot alcohol or benzene, and, on adding 
light petroleum to its solution in benzene, is obtained in light brown 
needles which melt and decompose at 175°: 

0:2305 gave 6:8 c.c. N, at 18° and 767 mm. N=3-44. 

0:2340 ,, 02137 AgBr. Br=38°86. 

C,,H,,0,NBr, requires N = 3°42 ; Br = 39°12 per cent. 


Formation of Analogues of Diketodiphenylpyrroline. 


These compounds have been prepared in the same way as diketo- 
diphenylpyrroline, namely, by the action of ethyl phenylpropiolate on 
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the sodium derivatives of aromatic amides. The latter products 
are obtained in a purer state by using metallic sodium in the form 
of wire than by evaporating in a vacuum a mixture of alcoholic 
solutions of the amides and sodium ethoxide. Absolute ether as a 
solvent is generally preferable to benzene, because the disappearance 
of the metal requires less time than in the presence of benzene, even 
in those cases where the amides are only sparingly soluble in ether. 
It is not necessary to use the large amount of the solvent which is 
required for their solution, but it is sufficient to digest the amide, 
suspended in ether, with the metal on the water-bath, when in the 
course of one to two days the sodium completely disappears. 


, , * meee. 
2 :3-Diketo-4-phenyl-5-m-tolylpyrroline, bph:c ( C,H Me) N2- — On 


digesting ethyl phenylpropiolate (9 grams) with sodio-m-toluamide, 
obtained by the action of sodium wire (1‘2 grams) on the amide 
(7 grams), suspended in absolute ether, no reaction takes place until 
the ether is removed by distillation from the water-bath, when with the 
rise of temperature the whole becomes blue. To complete the reaction, 
the residue is boiled with dry benzene foran hour. After evaporation 
of the benzene, water is added, when the blue colour disappears. The 
solution which is formed is freed from unaltered amide and ethyl 
phenylpropiolate by extraction with ether, and the aqueous layer 
saturated with carbon dioxide. A coloured, gelatinous solid is 
precipitated, which is removed by extraction with ether ; finally, the 
yellow, aqueous solution which remains is treated with dilute hydro- 
chloric acid, when the diketopyrroline is precipitated as a red oil 
which shortly sets to a solid. This dissolves readily in ether or hot 
alcohol, and, on cooling the alcoholic solution, crystallises in dark 
brown prisms, which melt at 150°, after having begun to soften a little 
before : 

0°2205 gave 10'2 c.c. N, at 20° and 769 mm. N=5:35. 

C,,H,,0,N requires N = 5°32 per cent. 

On boiling the diketopyrroline, dissolved in alcohol, with an excess 
of phenylhydrazine on the water-bath, the deep red solution turns 
light red, and, after a short time, the phenylhydrazone of diketophenyl- 
m-tolylpyrroline separates as a crystalline solid. This is scarcely 
soluble in cold, moderately so in boiling, alcohol, and crystallises 
in beautiful red needles, which melt and decompose at 217—218° : 


0-2115 gave 21°8 c.c. N, at 20° and 769 mm. N=11°92. 
C,,H,,ON, requires N = 11°90 per cent. 
, rea , 
2 : 3-Diketo-4-phenyl-5-p-tolylpyrroline, OPh: C( O.H,Mey H.—This 
compound is prepared in the same way as its isomeride, namely, 
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by digesting p-toluamide (13°5 grams), suspended in absolute 
ether, with sodium wire (2°3 grams) until the metal has disappeared, 
and adding ethyl phenylpropiolate (17:4 grams). The reaction in this 
case, also, does not take place until the ether is removed and the 
mixture boiled with benzene for two to three hours on the water-bath. 
The blue residue which is left on distillation of the benzene is 
subjected to the same treatment as before, when a dark solid is 
obtained which dissolves readily in hot alcohol and separates in 
reddish-brown prisms; these are soluble in ether or benzene, and 
melt at 200°: 

0°1788 gave 05070 CO, and 0:0815 H,O. C=77:33; H=5-06. 

02208 ,, 10°4cc. N, at 19° and 764mm. N=5-44, 

C,,H,,0,N requires C=77'57; H=4:94; N=5:32 per cent. 

The phenylhydrazone separates as a red solid on digesting an alcoholic 
solution of the diketopyrroline with an excess of phenylhydrazine for 
half an hour on the water-bath. It dissolves in much boiling alcohol, 
and crystallises in red needles, which melt and decompose at 233—234° : 


0'2095 gave 21°8 c.c. N, at 20° and 764 mm. N=11°'96. 
C,,H,,ON, requires N = 11°90 per cent. 


: . CO CO 
:3- -4. -5- a 
2 : 3-Diketo-4-phenyl-5-cumylpyrroline, OPh:O(C,Hy ony § H. 


On adding ethyl phenylpropiolate (8:5 grams) to the magma of 
sodiocuminamide which is formed on digesting the amide (8°2 grams), 
suspended in absolute ether, with sodium wire (1*1 grams) for two days, 
no reaction takes place until, after the removal of the ether, the 
residue is heated on the;water-bath alone or in the presence of benzene. 
The product, when subjected to the same treatment as before, yields 
the diketopyrroline, which readily dissolves in boiling alcohol and, 
on cooling the solution, crystallises in dark brown prisms. The 
substance is moderately soluble in ether, and melts at 185°: 

01632 gave 0°4680 CO, and 0°0865 H,O. C=78:20; H=5:89, 

0:2195 ,, 94c.c, N, at 22°and 765mm. N=4'83. 

C,,H,,0O,N requires C= 78°35 ; H=5°84 ; N=4°81 per cent. 

The phenylhydrazone separates on boiling the alcohol solution of the 
diketopyrroline with phenylhydrazine on the water-bath. It is only 
sparingly soluble in cold, more readily so in boiling, alcohol, and 
crystallises in bunches of red needles, which melt at 217—218°: 

0°2187 gave 21°4 c.c. N, at 21° and 757 mm. N=11°10. 

C,;,H,,ON, requires N = 11-02 per cent. 


. . ©0O Cc 
:3- 9" ink 
2:3 -Diketo - 4 - phenyl - 5 - anisylpyrroline, AG ae 


—Anisamide (7°6 grams), which, like the former amide, is prepared 
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in the usual way, namely, by the action of ammonium carbonate 
on anisoyl chloride, is transformed into its sodium derivative by 
suspending it in absolute ether and digesting it with sodium 
wire (1‘2 grams). On adding ethyl phenylpropiolate (8°7 grams), 
distilling off the ether, and boiling the residue with dry benzene, the 
mixture gradually turns blue, and, after two hours, the reaction is 
complete. The solid which is left on removal of the benzene by 
distillation from the water-bath is treated as in the former cases, and 
yields a dark precipitate. This is only sparingly soluble in ether or 
cold alcohol, moderately so in boiling alcohol, and, on cooling the deep 
red alcoholic solution, separates in prisms which, when small, are dark 
brown, but black when large, and then possess a metallic lustre. They 
melt and decompose at 254—255° : 

0-2020 gave 05413 CO, and 0:0885 H,O. C=73:08; H=4°86. 

0:2200 ,, 96cc. N, at 17° and 764mm. N=5-09. 

C,H,,0,N requires C=73'12; H=4-66; N=5-02 per cent. 

The phenylhydrazone crystallises from alcohol in curved, red needles, 
which melt and decompose at 230°. It is formed in the same way as 
in the former cases, with the only exception that the diketopyrroline 
and phenylhydrazine must be used in molecular quantities, otherwise 
decomposition takes place. 


C 
2 :3-Diketo - 4 - phenyl -5 - piperonylpyrrotine, si b20(0,H >. = 


—Piperonylamide, which is required for the formation of this com- 
pound, was prepared according to the directions of Rupe and von 
Majewski (Ber., 1900, 33, 3403) by the action of hydrogen peroxide 
on piperonylonitrile in weakly alkaline solution. Its sodium derivative 
was prepared by the action of sodium wire (1:4 grams) on the amide 
(10-2 grams), suspended in dry benzene, two days’ heating on the 
water-bath being necessary for the metal to disappear. On adding 
ethyl phenylpropiolate (10-5 grams), hardly any change was noticeable 
even after two hours’ boiling ; a reaction, indicated by a blue colora- 
tion of the mixture, does not take place until, after the removal of the 
benzene by distillation from the water-bath, the temperature rises. 
The heating was continued for an hour, and the residue treated as 
before, when the diketopyrroline was obtained as a dark solid. This is 
only sparingly soluble’ in ether or cold alcohol, moderately so in 
boiling alcohol, and, on cooling the deep red alcoholic solution, gradu- 
ally separates in black plates which possess a metallic lustre. The 
substance melts at 237—238°, after having begun to soften a few 
degrees before : 
0°2000 gave 05102 CO, and 00710 H,O. C=69:57; H=3-94, 
0:2280 ,, 98c.c. N, at 21° and 754mm. N=4:85. 
C,,H,,0,N requires C= 69°62; H=3-75 ; N=4°78 per cent, 
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As in the previous case, for the preparations of the phenylhydrazone 
molecular quantities of the diketopyrroline and phenylhydrazine are 
used. After about an hour’s heating of the alcoholic solution of the 
mixture, a red solid separates ; this dissolves in much boiling alcohol, 
and, on cooling the solution, crystallises in deep red needles which 
melt and decompose at 250—251°: 

0°2210 gave 21:4 c.c. N, at 21° and 755 mm. N=10°94. 

C,,H,,0,N, requires N = 10-97 per cent. 


Action of Ethyl Phenylpropiolate on Monoarylcarbamides. 


This reaction differs from that between carbamide and the acetylenic 
ester (see Ruhemann and Stapleton, Joc. cit.) inasmuch as it does not 
yield cyclic compounds, but acyl derivatives of carbamide, which, as 
stated before (p. 1604), are to be represented thus: 

C,H,*Ci0-CO-NH:CO:NHR (R denoting an aryl group). 

Pheny!propiolylphenylearbamide, C,H,*C?C*CO*-NH-CO-NH-C,H,.— 
This compound is readily prepared by mixing solutions of sodium 
(1:2 grams) and phenylearbamide (6°8 grams) in absolute alcohol and 
distilling the solvent ina vacuum from the water-bath. To the sodium 
derivative of the carbamide which is formed, dry benzene and ethyl 
phenylpropiolate (9 grams) are added, and the mixture then boiled ; 
after a short time, the whole sets to a semi-solid, white mass, The 
heating is continued for one totwo hours, the benzene evaporated, and 
the residue agitated with ether, which removes unaltered phenylcarb- 
amide and the acetylenicester. The portion which is insoluble in ether 
contains the sodium derivative of phenylpropiolylphenylcarbamide ; it 
dissolves, although not readily, in cold water, and the aqueous solution 
yields a white solid on the addition of dilute hydrochloric acid. This is 
sparingly soluble in ether or cold alcohol, but readily so in boiling 
alcohol, and crystallises in colourless, stout prisms, which melt at 205° : 

0°1960 gave 05220 CO, and 0:0820 H,O; C=7263; H=4 64. 

02172 ,, 20c.c. N, at 17° and 760mm. N=10°63. 

C,,H,,0,N, requires C= 72°72 ; H=4:54; N=10-61 per cent. 
Phenyl propiolyl-p-tolylearbamide, C,H,*CiC*CO-N H-CO-NH°C,H,°CHsg, 
is prepared in the same way as the former compound on using p-tolyl- 
carbamide ; it is sparingly soluble in ether, readily so in boiling alcohol, 
and separates in colourless prisms, which melt at 192°: 

0:2272 gave 20 c.c. N, at 17° and 753 mm. N=10'12. 

C,,H,,0,N, requires N = 10:07 per cent. 

The further study of the diketopyrrolines is in progress, and will be 

recorded shortly. 
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CLXXXII.—isoQuinoline Derivatives. Part II. The 
Constitution of the Reduction Products of Papaverine. 


By Frank LEE PyYMAN. 


In a previous paper (this vol., p. 1266) it was shown that 
laudanosine can be readily oxidised to 4: 5-dimethoxy-2-8-methy]l- 
aminoethylbenzaldehyde by means of sulphuric acid and manganese 
dioxide, and it consequently became of interest to investigate the 
action of this reagent on other similarly constituted compounds, 
amongst others on the hitherto unknown J-benzoyltetrahydro- 
papaverine. For this purpose, a quantity of tetrahydropapaverine 
was required, and the preparation of this compound was accordingly 
commenced by Goldschmiedt’s method. This chemist (Monatsh., 
1886, 7, 485; 1898, 19, 324) obtained by the reduction of 
papaverine a crystalline base melting at 200—201° which he 
termed “ tetrahydropapaverine,”’ together with an amorphous base 
from which no crystalline derivative was obtained. Some years 
later, Freund and Beck (Ber., 1904, 37, 3321) obtained by the 
electrolytic reduction of papaveraldine an amorphous base, from 
which they prepared, through the nitrosoamine, a crystalline 
hydriodide; analyses of this salt were in agreement with the 
formula C,)H,,0,N,HI, and they named the base provisionally 
“¢sotetrahydropapaverine,” while pointing out that no _ such 
isomeride of Goldschmiedt’s tetrahydropapaverine would be expected 
from consideration of Goldschmiedt’s papaverine formula, and 
suggesting as an alternative that the base might have been formed 
by reduction and condensation of two molecules of papaveraldine 
to form a pinacone, and subsequent further reduction to a com- 
pound, (Cy H,,O,N)>. 

It is shown in the present communication that the amorphous 
base resulting from the reduction of papaverine (I) is tetrahydro- 
papaverine (II), and is identical with Freund and _ Beck’s 
“ ¢sotetrahydropapaverine,’ and that Goldschmiedt’s so-called 
“ tetrahydropapaverine” is, in reality, a dihydropapaverine, 
namely, 6: 7-dimethoxy-1-veratryl-1: 2-dihydrotsoquinoline, which it 
is proposed to designate 1: 2-dihydropapaverine (III), in order to 
differentiate it from the 3: 4-dihydropapaverine (IV) of Pictet and 
Finkelstein (Ber., 1909, 42, 1987). 

The amorphous base obtained by the reduction of papaverine, 
either by Goldschmiedt’s method, or more conveniently by the 
method given later, can be roughly separated from the crystalline 
base accompanying it by means of its easy solubility in ether, and 
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then purified through the hydriodide. It readily yields crystalline 
salts, of which the hydrochloride, hydriodide, on and 
CH 
Meo’ \“ Sox Me0/ \A ik 


mV AG 


gcrate have been prepared, and the analyses of these lead to the 
empirical formula of tetrahydropapaverine, C.)H,,O,N, for this 
base; the amorphous nature of this base, the properties of its 
hydriodide, m. p. 259--260° (corr.), and those of its nitrosamine, 
m. p. 135—136° (corr.), show that it is identical with Freund and 
Beck’s “ isotetrahydropapaverine,” of which the hydriodide is stated 
to melt at 255° and the nitrosamine at 138°. 

The amorphous base readily yields a crystalline N-benzoyl 
derivative, C,;H,.O;N, of which the molecular weight has been 
deterniined, and oun to be that required by the imple formula, 
and the action of bromine on this benzoyl derivative in chloroform 
solution results in the formation of a crystalline bromo-derivative, 
C,,H,g0;N Br. 

The oxidation of the N-benzoyl derivative (V) leads to an 
important result, for there are formed benzoic acid, veratraldehyde, 
and a new base, 6: 7-dimethozy-3: 4-dihydroisoquinoline (VI), the 
methochloride of which is identical with 6: 7-dimethoxy-2-methyl- 
3: 4-dihydrozsoquinolinium chloride (VII). Since the latter com- 
pound has been obtained by the action of hydrochloric acid on 
4: 5-dimethoxy-2-8-methylaminoethylbenzaldehyde (VIII), which 
has been prepared by the oxidation of laudanosine (IX) (V-methy]l- 
tetrahydropapaverine), it follows that the amorphous base is 
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tetrahydropapaverine. This argument is illustrated by the follow- 
ing scheme: 


Me0/ \A ce 
med} y NMeci 


CH, 
Me0/ \“” \oH, 


me) A Me 


( | . 
\ Ae 


(IX.) 


The foregoing conclusion is further borne out by the fact that 
the amorphous base actually yields laudanosine on methylation. 
Freund and Beck (/oc. cit.) state that the amorphous base yields, 
with methyl iodide in ethereal solution, crystals which are probably 
the hydriodide of the methylated base. The reaction is, however, 
less simple; on adding methyl iodide to an ethereal solution of 
tetrahydropapaverine, an amorphous deposit was obtained, which 
was separated by fractional crystallisation from alcohol into 
tetrahydropapaverine hydriodide, Jaudanosine hydriodide, and 
laudanosine methiodide, which appear to be formed in approxi- 
mately equal parts according to the equation: 
3R:NH+3Mel=R:NH,HI+R:NMe,HI+ R:N Me, Mel (R= C,,H,,0,). 

It is, therefore, proved beyond question that the amorphous base 
is tetrahydropapaverine. 

Since Goldschmiedt’s papaverine formula only allows of the 
formation of one optically inactive tetrahydropapaverine, it is clear 
that this chemist’s so-called ‘“ tetrahydropapaverine ’’ must possess 
another constitution. Now, an examination of Goldschmiedt’s 
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analytical numbers shows that, whereas some of the results obtained 
by the analysis of the base and its derivatives are in good agree- 
ment with those calculated for the formula C,,H.,0,N, others 
approximate more closely to those required by the formula 
C.9H,3;0,N. For example, the analyses of the hydrochloride and 
nitrosamine, as well as that of the base given in his second paper, 
show in round figures 0°3 per cent: of hydrogen less than that 
calculated for the formula C.)H,,0,N. On the other hand, the 
analytical results obtained by Pope and Peachey (Trans., 1898, 73, 
893) for the racemic and optically active forms of this base are 
in excellent agreement with this formula. It was therefore neces- 
sary to reinvestigate this base. The base, its hydrochloride, and 
N-benzoyl derivative were accordingly carefully purified and 
analysed, when the results obtained decided definitely in favour of 
the formula C,,H,,0,N. Further, the corresponding papaveroline 
derivative was also prepared by the removal of the four methyl 
groups, and its hydrochloride gave, on analysis, figures agreeing 
with those required by the formula C,,H,;0,N,HCl, corresponding 
with the formula of the methylated compound C.)H,,0,N ; tetra- 
hydropapaveroline hydrochloride, on the other hand, which was 
prepared from tetrahydropapaverine for the purpose of comparison, 
gave, on analysis, figures agreeing with the expected formula 
C,,H,;,0,N,HCl, corresponding with the formula of the methylated 
compound C.)H,;0,N ; this result is important, since the difference 
in hydrogen content between the formule of the two hydrochlorides 
amounts to 0°6 per cent. A determination of the molecular weight 
of the base proved it to have the simple formula. The only possible 
conclusion from these facts is that this crystalline base obtained 
by the reduction of papaverine is a dihydropapaverine, and, since 
Pope and Peachey (loc. cit.) have resolved it into its optically 
active forms, and thereby shown that it contains a hydrogen atom 
in the 1-position, and Goldschmiedt has prepared a nitrosoamine 
from it, thus proving it to contain an imino-group, this base must 
consequently be 1: 2-dihydropapaverine. 

1: 2-Dihydropapaverine is a compound of considerable stability, 
and has thus far resisted attempts to effect its reduction. In this 
respect it differs from a compound of similar type, 1-benzyl- 
2-methyl-1: 2-dihydroisoquinoline, recently described by Freund 
and Bode (Ber., 1909, 42, 1762), which readily yields 1-benzyl- 
2-methyltetrahydrosoquinoline when reduced with tin and hydro- 
chloric acid, although the reduction is incomplete when sodium and 
alcohol are employed. This difference in behaviour between 
1: 2-dihydropapaverine and _ 1-benzyl-2-methyl-1: 2-dihydrovso- 
quinoline must probably be ascribed to the presence of the free 
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imino-group in the former, and this view is supported by the fact 
that the unknown N-methyl ether of 1: 2-dihydropapaverine has 
not been obtained in the reduction of papaverine methochloride, 
in which hitherto only laudanosine has been isolated (Pictet and 
Athanasescu, Ber., 1900, 33, 2346). 

N-Benzoyl-1: 2-dihydropapaverine is also a very stable compound ; 
it is not readily attacked either by bromine or by sulphuric acid 
and manganese dioxide, thus differing markedly from N-benzoyl- 
tetrahydropapaverine. 

EXPERIMENTAL. 


Reduction of Papaverine. 


One hundred grams of papaverine were dissolved in a mixture 
of 400 c.c. of alcohol and 400 c.c. of concentrated hydrochloric 
acid, and boiled with 200 grams of granulated tin under a reflux 
condenser for five hours. Further quantities of 50 grams of tin 
and 200 c.c. of hydrochloric acid were then added, and the mixture 
boiled for another seven hours. The alcohol was then removed by 
distillation, and the acid liquor cooled and diluted with water, 
which caused the precipitation of double salts of tin and the 
alkaloids in a white, amorphous condition. These were collected, 
washed with water, dissolved in 3 litres of boiling water, and 
decomposed with hydrogen sulphide. The resulting solution of the 
hydrochlorides was filtered from tin sulphide, rendered strongly 
alkaline with sodium carbonate, and completely extracted, first 
with ether, and then with chloroform. 

The ethereal residue amounted to 65 grams of sticky oil; this 
dissolved to a clear solution in dilute hydrochloric acid, and the 
solution gave, on the addition of solid potassium iodide, an 
amorphous precipitate, which became crystalline after boiling with 
absolute alcohol, and furnished 55 grams of pure tetrahydro- 
papaverine hydriodide, melting at 259—260° (corr.). 

The chloroform residue amounted to about 15 grams of a brown, 
viscid oil, and gave 14 grams of a crystalline hydrochloride when 
mixed with dilute hydrochloric acid. On dissolving this in water, 
adding aqueous sodium carbonate, and recrystallising the separated 
base from absolute alcohol, more than 8 grams of 1: 2-dihydro- 
papaverine, melting at 201—202° (corr.), were obtained. 

The mother liquors obtained in the purification of the two bases 
contained further quantities of these compounds. 


Tetrahydropapaverine (II, p. 1611). 


This base has only been obtained in an amorphous form; it 
remains as a colourless, viscid gum on the evaporation of its 
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solutions in various solvents. It is moderately readily soluble in 
water, insoluble in light petroleum, and readily soluble in the 
other usual organic solvents. On dissolving this base in hydro- 
chloric acid and adding an excess of sodium nitrite solution, 
tetrahydropapaverinenitrosoamine separates as a sticky oil, which 
becomes crystalline on stirring with alcohol, and separates from 
alcohol in short needles which melt at 135—136° (corr.). 

Tetrahydropapaverine forms beautifully crystalline salts. 

The hydriodide, of which the preparation has already been 
described, crystallises from water in prisms which melt at 259—260° 
(corr.) after becoming yellow a few degrees below this point. This 
salt is anhydrous, and is very sparingly soluble in water or alcohol: 

0°1512 gave 0°2832 CO, and 0°0748 H,O. C=51'1; H=5°5. 

0°1885 ,, 0°0942 AgIl. I=27°0. 
C.9H.;0,N,HI requires C=51'0; H=5°6; I=27°'0 per cent. 

The hydrochloride was obtained by double decomposition of the 
hydriodide with silver chloride ; it crystallises from water in glisten- 
ing prisms, which sinter at 81° and melt at 83—85° (corr.) to an 
opaque liquid, and contains 44 molecules of water of crystallisation, 
of which 33 are lost at 100°. After recrystallisation from absolute 
alcohol, this salt is obtained as an anhydrous, crystalline powder, 
which melts at 217—219° (corr.). It is sparingly soluble in water, 
and very sparingly so in alcohol : 

0°6950 hydrated salt, air-dried, lost 0°0967 at 100°. H,O=13°9. 

0°1610 ~ », dried at 100°, gave 0°3590 CO, and 0°0977 H,O. 

C=60°8; H=6°8. 
C.)9H,;0,N,HC1,44H,0, losing 34H,O, requires loss=13°7 per cent. 
C.9H,,0,N,HCI1,H,0 requires C=60°3; H=7'l. 
0°1527 anhydrous salt gave 0°3540 CO, and 0°0953 H,O. C=63°2; 
H=7'0. 

0°1900 anhydrous salt gave 0°0699 AgCl. Cl=9'l. 

Cy 9H,;0,N,HCl requires C=63°2; H=6°9; Cl=9°3 per cent. 

The aurichloride crystallises from absolute alcohol in radial 
clusters of deep yellow needles, which blacken and decompose at 
176° (corr.). This salt is anhydrous, and is very sparingly soluble 
in water and sparingly so in alcohol: 


0°2546 gave 0°0739 Au. Au=29°0. 
C.9H,;0,N,HAuCl, requires Au=28°9 per cent. 


The picrate crystallises from absolute alcohol in clear, yellow, 
irregular prisms, which begin to sinter at 155° and decompose at 
161—162° (corr.). This salt gradually becomes orange super- 
ficially ; it is anhydrous, and is very sparingly soluble in water or 
alcohol : 
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0°1295 gave 0°2578 CO, and 0°0536 H,O. C=543; H=4'6. 
C.9)H,;0,N,C,H,0,N, requires C=54'5; H=4'9 per cent. 


Methylation of Tetrahydropapaverine. 


Seventeen grams of pure tetrahydropapaverine hydriodide were 
mechanically shaken with 100 c.c. of chloroform and 100 c.c. of 
10 per cent. aqueous sodium carbonate for fifteen minutes, and 
the chloroform solution evaporated to low bulk. The residue was 
mixed with 50 c.c. of moist ether, and 15 grams of methyl iodide 
were then added. The solution became turbid almost imme- 
diately, and deposited a light brown, amorphous solid. After 
twelve hours, the supernatant liquor was poured off, and gave, on 
evaporation, 0°4 gram of light brown oil, which was added to the 
solid residue. The amorphous deposit was fractionally extracted 
with boiling absolute alcohol, and the various crops of crystals 
obtained from the extracts were separated by fractional crystal- 
lisation, and gave the following products: 

(1) 4°8 Grams of tetrahydropapaverine hydriodide. This salt 
melted at 259—260° (corr.), and its melting point suffered no 
depression when the salt was mixed with the pure substance: 

0°1520 gave 0°2860 CO, and 0°0771 H,O. C=51°3; H=5°7. 

071978 ,, 0°0984 AgIl. I=26°9. 

Co9H,;0,N,HI requires C=51'0; H=5°6; I=27'0 per cent. 

(2) 4°8 Grams of laudanosine methiodide. This salt melted at 
213—215° (corr.), and its melting point suffered no depression 
when the salt was mixed with the pure substance: 

0°1519 gave 0°2945 CO, and 0°0825 H,O. C=52°9; H=6'l. 

0°1519 ,, 00726 AgIl. I=25°8. 

C,,H,,0,N,CH,I requires C=52°9; H=6°0; I=25°5 per cent. 

(3) 1:1 Grams of laudanosine hydriodide. This salt melted at 
201—203° (corr.), and its melting point suffered no depression 
when the salt was mixed with the pure substance prepared by 
neutralising laudanosine with hydriodic acid. This salt is 
anhydrous, and is sparingly soluble in water or cold absolute 
alcohol : 

0°1534 gave 0°2900 CO, and 0°0814 H,O. C=51'6; H=5°9. 

0°2010 ,, 0°0965 AgIl. I=25°9. 

C,,H,,0,N,HI requires C=51'9; H=5°8; I=26°2 per cent. 

Besides the above quantities of pure salts, a number of fractions 
consisting of mixtures were obtained. These were combined, dis- 
solved in water, and mixed with aqueous sodium carbonate; this 
caused the precipitation of 2°0 grams of a brown oil, which solidified 
on cooling, and proved to contain a large proportion of laudanosine. 
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N-Benzoyltetrahydropapaverine (V, p. 1612). 


This compound was prepared by benzoylating tetrahydro- 
papaverine in a manner similar to that applied to 1: 2-dihydro- 
papaverine. 

N-Benzoyltetrahydropapaverine crystallises from absolute alcohol 
in clusters of glistening, prismatic needles, which melt at 159—160° 
(corr.). It is very sparingly soluble in water or ether, sparingly 
so in acetone or alcohol, but readily so in chloroform. It is 
insoluble in dilute acids or alkalis: 

0°1527 gave 0°4050 CO, and 0°0911 H,O. C=72°3; H=6°7. 

071538 ,, 4:2 c.c. Ny at 22° and 754mm. N=3'l. 

C,H 0;N requires C=72°4; H=6°5; N=3'l per cent. 
Molecular weight determination by the ebullioscopic method : 
0°2270 in 12°37 benzene gave At 0°110. M.W.=445. 
0°4070 ,, 12°37 » » At 0195. M.W.=451. 

C.,H,0;N requires M.W.=447. 


Bromo-N-benzoyltetrahydropapaverine, Coz7Hg0;NBr. 


Two grams of NV-benzoyltetrahydropapaverine were dissolved in 
20 c.c. of chloroform, and a solution of 1 gram of bromine in 
30 c.c. of chloroform was added. The mixture was kept for forty 
hours, and then allowed to evaporate spontaneously; the gummy 
residue was dissolved in a little alcohol, and mixed with aqueous 
ammonia, when 2°2 grams of bromo-i-benzoyltetrahydropapaverine 
separated as an oil, which became crystalline on keeping; this 
yield represents 93 per cent. of the theoretical. 

Bromo-N-benzoyltetrahydropapaverine crystallises from absolute 
alcohol in clusters of colourless, square leaflets, which melt at 
185—186° (corr.); it is insoluble in water, dilute acids, or alkalis, 
and sparingly soluble in cold alcohol: 

0°1456 gave 0°3303 CO, and 0°0721 H;O. C=61'9; H=5'5. 

01961 ,, 00706 AgBr. Br=15°3. 

C.,H,,0;NBr requires C=61'6; H=5°4; Br=15°2 per cent. 


Oxidation of N-Benzoyltetrahydropapaverine: Formation of 
6: 7-Dimethoxy-3: 4-dihydroisoqguinoline (VI, p. 1612). 


Thirty-five grams of NV-benzoyltetrahydropapaverine, melting at 
159—160° (corr.), were ground to a fine powder with 200 c.c. of 
water, mixed with a solution of 70 grams of sulphuric acid in 
1 litre of water and 17°5 grams of pyrolusite, containing 80 per 
cent. of manganese dioxide, and well stirred. The temperature 
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was gradually raised to the full heat afforded by the steam-bath, 
and after one hour the suspension had given place to a nearly 
clear, pale yellow liquor containing a quantity of resinous matter. 
The latter was removed by filtration; it weighed 18 grams, of 
which 3 grams consisted of inorganic material, and gave 9 grams of 
unchanged V-benzoyltetrahydropapaverine after crystallisation from 
alcohol; the sticky mother liquors from this were neglected. 

The filtrate from the resinous matter was completely extracted 
with ether, and this in turn with aqueous sodium carbonate; the 
ether left on evaporation 5°5 grams of crude veratraldehyde, and 
the alkaline extract gave on acidification 4°5 grams of benzoic 
acid. 

The aqueous solution of the basic products was then rendered 
alkaline with sodium carbonate, and completely extracted with 
chloroform ; on then adding sodium hydroxide and again extracting 
with chloroform, no further quantity of material was obtained. 

The chloroform extract from the sodium carbonate solution gave 
on distillation a quantity of brown oil, which was purified by 
distillation under 24 mm. pressure, when more than 5 grams of 
6: 7-dimethoxy-3: 4-dihydroisoquinoline distilled at 205—208° 
(corr.), and formed a viscid, yellow oil with a faint blue fluorescence, 
which did not crystallise on keeping: 

0°1948 gave 0°4905 CO, and 0°1250 H,O. C=687; H=7°2. 

C,,H,,0.N requires C=69°1; H=6°9 per cent. 

6: 7-Dimethozy-3: 4-dihydroisoguinoline is readily soluble in 
water and the usual organic solvents, with the exception of light 
petroleum. It forms crystalline salts with acids, and combines 
with methyl halides in ethereal solution, forming methyl salts which 
are identical with the salts obtained by the action of the correspond- 
ing acids on 4: 5-dimethoxy-2-8-methylaminoethylbenzaldehyde. 

The base is precipitated as an oil on the addition of aqueous 
sodium carbonate to concentrated solutions of its salts. The 
addition of aqueous potassium cyanide to the hydrochloride in 
concentrated aqueous solution causes the separation of an oil, which 
is no doubt 1-cyano-6: 7-dimethoxytetrahydrosoquinoline. 

The hydrochloride crystallises from aqueous acetone in pale 
yellow, glistening needles, which melt at 72—75° (corr.), and 
contain 3 molecules of water of crystallisation. After drying at 
100°, this salt melts and decomposes at 208° (corr.). It is very 
readily soluble in water or alcohol, giving neutral solutions, which, 
when dilute, show a blue fluorescence, but insoluble in acetone: 

0°1548, air-dried salt, gave 0°2685 CO, and 0°0983 H,O. C=47'3; 

H=7'l. 
0°2051, air-dried salt, gave 0°1070 AgCl. Cl=12°9. 
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0°2020, air-dried salt, lost 0°0380 at 100°. H,O=18'8. 
C,,H,,0.N,HC1,3H,O requires C=46°9; H=7°2; Cl=12°6; 
H,0 =19°2 per cent. 
0°1500, dried at 100°, gave 0°3197 CO, and 0°0868 H,O. C=58'1; 
H=6°5. 
C,,H,,;0,N,HCl requires C=58°0; H=6'2 per cent. 

The picrate crystallises from absolute alcohol in fine, golden, 
silky needles, which melt at 206—208° (corr.), after sintering 
several degrees earlier. 

The methochloride was obtained as follows. An ethereal solution 
of 6: 7-dimethoxy-3: 4-dihydrotsoquinoline was mixed with methyl 
iodide, when a deep yellow oil, which quickly became crystalline, 
separated. This was dissolved in water and shaken with silver 
chloride; the resulting liquor was filtered, evaporated to low bulk, 
and mixed with acetone, when the methochloride separated as a 
yellow, crystalline powder, which melted at 61—62° (corr.), and 
proved to be identical with 6: 7-dimethoxy-2-methyl-3: 4-dihydro- 
dsoquinolinium chloride.* 

The methobromide was prepared directly by the action of methyl 
bromide on the base in ethereal solution; after recrystallisation 
from moist acetone it formed primrose needles, which sintered at 
87—90° (corr.), both alone and when mixed with 6: 7-dimethoxy- 
2-methyl-3: 4-dihydrovsoquinolinium bromide’ prepared from 
4: 5-dimethoxy-2-8-methylaminoethylbenzaldehyde. 


Tetrahydropapaveroline, C,g,H,,0,N. 


Five grams of tetrahydropapaverine hydrochloride, containing 
44H,O, were heated with 50 c.c. of concentrated hydrochloric acid 
for three hours at 170—175°. On opening the tube, methyl 
chloride escaped, and a clear liquid containing brown, serrated 
needles remained ; the latter were collected and weighed 3°5 grams, 
that is, 97 per cent. of the theoretical. 

Tetrahydropapaveroline hydrochloride crystallises from water in 
colourless, microscopic, glistening prisms, which melt and decompose 
at 291—293° (corr.), after gradually sintering and turning yellow 
from about 280°. It is very sparingly soluble in water or alcohol, 
and is anhydrous: 

0°1509 gave 0°3266 CO, and 0°0764 H,O. C=59'°0; H=5'7. 

0°1764 ,, 0°0793 AgCl. Cl=11°'1. 

C,¢H,,0O,N,HClI requires C=59°3; H=5°6; Cl=11°0 per cent. 

* The statement (this vol., p. 1271) that this salt crystallises ‘‘from aqueous 
solution in a mass of primrose needles . . . . ” should read ‘‘ from aqueous acetone 
in a mass of primrose needles... .” 
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This salt readily reduces cold ammoniacal silver nitrate solution, 
and liberates cuprous oxide from Fehling’s solution on boiling. It 
gives with ferric chloride, in the first instance, a deep green colour, 
which quickly passes through a neutral tint to amethyst; on the 
addition of aqueous sodium carbonate, black flakes are deposited, 
and the supernatant liquor becomes colourless. 

Concentrated solutions of this salt give with alkalis a white 
turbidity, due to the corresponding base; this is soluble in excess, 
giving a pale amethyst coloration ; alkaline solutions, however, very 
quickly blacken when left in contact with air. 


1: 2-Dihydropapaverine (III, p. 1611). 


This base has previously been described by Goldschmiedt under 
the name tetrahydropapaverine, and is stated to be precipitated 
from the solution of its hydrochloride on-the addition of ammonia 
in anhydrous needles, and to melt at 200—201°, after sintering at 
198°. It has now been found, however, that the colourless needles 
obtained by the addition of ammonia to an aqueous solution of the 
hydrochloride, whether this is prepared by the above method or by 
Goldschmiedt’s, represent a hydrated form of the base, containing 
3H,O, which, after air-drying, sinters at 65°, and finally melts at 
201—202° (corr.) : 
0°2062, air-dried precipitated base, lost 0°0295 at 110°. H,O=14'3. 
C.9H,,0,N,3H,0 requires H,O=13°7 per cent. 

0°1673, dried at 110°, gave 0°4305 CO, and 0°1038 H,O. C=70°2; 
H=7°0. 
CypHy30,N requires C=70°3; H=6'8 per cent. 
(Cy9H,;0,N - C=700; H=73 , , ) 

After crystallising this base from alcohol, it becomes anhydrous, 
and melts at 201—202° (corr.) ; this melting point is unchanged by 
crystallising the base from xylene, from which it separates in large 
prisms. For analysis, the base was recrystallised, first from alcohol, 
and then from xylene, and dried at 110°: 

0°1549 gave 0°4016 CO, and 0°0972 H,O. C=70'7; H=7°0. 

071516 ,, 0°3918 CO, ,, 0°0915 H,O. C=705; H=6°8. 

Molecular weight determination by the ebullioscopic method: 

0°1439 in 12°05 benzene gave At 0°090. M.W.=354. 

0°3556 ,, 12°05 1“ » At 0°230. M.W.=343. 

C.9H2;0,N requires M.W.=341. 

The hydrochloride is stated by Goldschmiedt to decompose at 
290°, and contain 3 molecules of water of crystallisation, of which 
14 are gradually lost in dry air. After preparing this salt from 
the carefully purified base, it was found, however, to decompose 
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at about 325° (corr.). It forms beautifully crystalline rods from 
water, which contain 5 molecules of water of crystallisation; this 
salt has also been obtained with 8H,O: 


0°4012 air-dried lost 0°0789 at 110°. H,O=19°7. 
C.9Ho30,N,HCI1,5H,O requires HJO =19°3 per cent. 

0°2134 air-dried lost 0°0592 at 100°. H,O=27°7. 
C,9H,30,N,HC1,8H,O requires H,O=27°6 per cent. 

0°1544, dried at 110°, gave 0°3567 CO, and 0°0895 H,O. C=63°0; 
H=6°5. 

0°1511, dried at 110°, gave 0°3505 CO, and 0°0874 H,O. C=63°3; 
H=6'5. 

0°1527, dried at 110°, gave 0°0562 AgCl. Cl=9'l. 

Cy9H.30,N,HC1 requires C=63'5; H=6'4; Cl=9°4 per cent. 
(C,)H,;0,N,HCl ~ C=63'2; H=6°9; Cl=9'3 per cent.) 


The picrate was prepared from the pure hydrochloride in the 
usual manner, and formed long, yellow needles, which began to 
darken at 270°, and decomposed at 285° (corr.). Goldschmiedt 
states that this salt turns black at 245°, and decomposes at 270°. 

Attempts to effect the reduction of 1: 2-dihydropapaverine by 
means of (1) tin and fuming hydrochloric acid in alcoholic solution, 
and (2) sodium and alcohol, proved unsuccessful; in each case. the 
base was recovered unchanged. 


N-Benzoyl-1: 2-dihydropapaverine, Co,H.,0;N. 


Five and a-half grams of 1: 2-dihydropapaverine were 
benzoylated in chloroform solution by the Schotten-Baumann 
method ; the resulting chloroform solution of the benzoyl derivative 
was mechanically shaken with a large excess of 10 per cent. aqueous 
sodium hydroxide, separated, dried, and evaporated. The brown 
oil obtained was then moistened with alcohol and again evaporated 
in an open dish, this process being repeated a second time, and 
then dissolved in about twice its volume of absolute alcohol. On 
cooling, 4:9 grams of pure WN-benzoyl-1: 2-dihydropapaverine 
separated as a crystalline powder, the yield amounting to 68 per 
cent. of the theoretical. 

N-Benzoyl-1: 2-dihydropapaverine  crystallises from absolute 
alcohol in colourless, transparent, glistening prisms, which melt at 
234—-235° (corr.). It is‘very sparingly soluble in water or ether, 
sparingly so in alcohol or acetone, and readily so in chloroform: 


0°1542 gave 0°4101 CO, and 0°0856 H,O. C=72°5; H=6:2. 
071530 ,, 4:2cc. N, at 24° and 774mm. N=3'1. 
C,,H,,0;N requires C=72'7; H=61; N=3'1 per cent. 
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On leaving this substance in contact with bromine (2 atoms to 
1 molecule) in chloroform solution for forty hours, allowing the 
chloroform to evaporate, dissolving the residue in a little alcohol, 
precipitating it with dilute aqueous ammonia, and crystallising 
the precipitate from alcohol, a considerable proportion is recovered 
unchanged ; after the evaporation of the alcohol, the residue forms 
a yellow gum, which does not contain bromine. 

On attempting to oxidise V-benzoyl-1: 2-dihydropapaverine with 
dilute sulphuric acid and manganese dioxide under the conditions 
previously described for V-benzoyltetrahydropapaverine, more than 
70 per cent. was recovered unchanged, and no crystalline degrada- 
tion products were obtained except a trace of benzoic acid. 


1: 2-Dihydropapaveroline, CigH,;0,N. 


This compound has previously been described by Goldschmiedt 
under the name “ tetrahydropapaveroline.” Comparison of the 
colour reactions given here for 1: 2-dihydropapaveroline and tetra- 
hydropapaveroline with those given by Goldschmiedt (loc. cit.) 
for his compound indicate that the latter probably contained a 
certain amount of tetrahydropapaveroline. 

Three grams of 1: 2-dihydropapaverine hydrochloride (contain- 
ing 8H,O) were heated with 30 c.c. of concentrated hydrochloric 
acid for three hours at 170—175°. On opening the tube, methyl 
chloride escaped, and a pale yellow liquid containing pale brown 
crystals remained ; the latter were collected, and weighed 1°4 grams, 
that is, 74 per cent. of the theoretical. 

1: 2-Dihydropapaveroline hydrochloride crystallises from water 
in nearly colourless prisms, which decompose at 296° (corr.). This 
salt contains half a molecular proportion of water of crystallisation, 
and is easily soluble in water: 


0°2750 air-dried lost 0°0095 at 120°. H,O=3°5. 
0°1734, dried at 120°, gave 0°3783 CO, and 0°0798 H,O. C=59°5; 
H=5'2. 
0°1530, dried at 120°, gave 0°3349 CO, and 0°0689 H,O. C=59°7; 
H=5°0. 
C,>H,;0,N,HCI1,4H,O requires H,JO=2°7 per cent. 
C,¢H,;0,N,HCl requires C=59°7; H=5°0 per cent. 


This salt readily reduces cold ammoniacal silver nitrate solution, 
but does not liberate cuprous oxide from Fehling’s solution on 
boiling. It gives with ferric chloride a persistent, deep green 
colour, and, on the addition of aqueous sodium carbonate, dark 
flakes are deposited, leaving a violet-coloured supernatant liquor. 
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Concentrated solutions of this salt give with alkalis a white 
precipitate, which is soluble in excess, giving a pale yellowish-green 
solution; alkaline solutions, however, very quickly blacken on 
exposure to air. 


THE WELLCOME CHEMICAL WORKS, 
DARTFORD, KENT. 


CLXXXIII.—The Synthesis of Acridines: Tetramethyl- 
acridines, Dimethylnaphthacridines, Naphthaquin- 
acridines, Diquinacridines.* 


By ALFRED SENIER and ARTHUR CoMPTON. 


THE experiments described in this paper were undertaken with the 
object of effecting a linking of two heterocyclic groups, or one hetero- 
cyclic and one carbocyclic group, with an acridine nucleus by using the 
first and second of the methods described in a previous paper (Trans., 
1907, 91, 1927), and also to extend the work therein reported on the 
synthesis of alkylacridines and phenonaphthacridines. We have 
succeeded in obtaining a new tetramethylacridine and the correspond- 
ing dimethylpheno-a- and -f-naphthacridines, and by the use of 
6-aminoquinoline we have prepared and isolated one di- and two mono- 
heterocyclic acridines. The constitution of these bases follows from 
their modes of formation, as in the case of simpler acridines and 
naphthacridines, and the notation employed is that previously made 
use of, adapted in the case of quinoline derivatives to the usual 
notation employed for those compounds (compare Senier and Austin, 
Trans., 1904, 85, 1196, footnote; 1906, 89, 1387; 1907, 91, 1240). 

The positions of the methyl groups in the tetramethylacridine 
described are 2:3:7:8, and the phenonaphthacridines are 9:10- 


dimethylpheno - 


pe -naphthacridine of the types represented respectively by 
a 


N-a 
¢ — -1N a3 a 
CHB naphthacridine and 9:10-dimethylpheno 


diagrams A and B in a previous paper (Trans., 1907, 91, 1241). 


* The nomenclature is adopted in accordance with that employed in this Journal 
for the analogous dinaphthacridines and phenonaphthacridines, notwithstanding 
that the name quinacridine has been already made use of for compounds of a 
different type by previous observers (Niementowski, Ber., 1896, 29, 78 ; 1906, 39, 
385 ; Ullmann and Broido, Ber., 1906, 39, 357). 
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The constitution of the quinoline derivatives may be represented 


thus : 
f*, 
N | | N 
“YN vy 
AAAq 
CH || 
V4 


-Naphthaquinacridine. 
“5 


-N- 
| 
C 


-Diquinacridine. 


| -Naphthaquinacridine. 
a-CH-5 

In assigning the constitution to the compounds indicated by the 
above formule, it is assumed that the 5-position in 6-amino- 
quinoline is more active than the 7-position, and that condensation 
takes place there as in the case of the corresponding a-position in 
B-naphthylamine. 

6-N-6 

5-CH-5 
diquinacridines, of which twenty other members are theoretically 
possible, all derived from ordinary quinoline ; and, similarly, sixteen 
other isomeric naphthaquinacridines are possible in the group repre- 
sented by the two naphthaquinacridines (compare possible dinaphth- 
acridines, Senier and Austin, Trans., 1906, 89, 1387). 

The fluorescence exhibited in solution by these compounds is 
interesting ; the quinacridines showing the phenomena in a greater 
or less degree, as was expected from the presence in their molecules 
of the acridine fluorophore (compare Meyer, Zeitsch. physikal. Chem., 
1897, 24, 468). The ultraviolet waves, when the bases are dissolved 
in the usual organic solvents, are increased in length, showing blue 
fluorescence, whilst in solution in glacial acetic acid or in concentrated 
sulphuric acid, and in one instance in ethyl acetate, the fluorescence 
is green or even yellowish-green. The fluorescence is especially note- 


N-B 


worthy in the instances of 9: 10-dimethylpheno- } ha 


B-N-6 ’ ne 
I 4 
OCHS naphthaquinacridine. 


-Diquinacridine is the first known member of a group of 


-naphthacridine 
“a 


and 
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Numerous attempts were made to obtain diquinacridines of other 
types, but all without success. Thus 6-aminoquinoline (2 mols.) or 
6-aminoquinoline (1 mol.) and 8-hydroxyquinoline (1 mol.) were heated in 
successive experiments with methylene dichloride, methylene di-iodide, 
and with formaldehyde; again, 6-aminoquinoline (1 mol.) and 8-hydroxy- 
quinoline (1 mol.) were treated with methylene dichloride, methylene 
di-iodide, and formaldehyde respectively, but the amine alone con- 
densed, and diquinacridine was formed. Similarly, in attempts to 
prepare a naphthaquinacridine, a-naphthylamine (1 mol.) and 8-hydroxy- 
quinoline (1 mol.) could not be condensed with methylene dichloride ; 
the a-naphthylamine alone reacted, and Senier and Goodwin’s dinaphth- 
acridine was obtained. Using benzylidene chloride and benzaldehyde 
respectively with a mixture of B-naphthylamine and 8-hydroxyquinoline 
B-N-B 
a-C Ph- 

Several experiments were made with a view to the synthesis of 
phenoquinacridines, but although some of the results seemed very 
promising, they have not yet yielded definite compounds. 8-Hydroxy- 
quinoline (1 mol.) was brought together with m-4-xylidine (1 mol.) and 
o-4-xylidine (1 mol.) respectively, using as condensing agents methylene 
dichloride, methylene di-iodide, or formaldehyde, and in the same 
manner, 6-aminoquinoline (1 mol.) with o-4-xylidine or m-4-xylidine. 

The 2:3:7:8-tetramethylacridine described was produced from 
o-4-xylidine (2 mols.) and methylene di-iodide, the former containing 
an alkyl group in a para-position with respect to its amino-group, 
which is in accordance with our previous experience (Trans., 1907, 91, 
1928). 

The work of this inquiry has been unavoidably interrupted, and as 
some time must elapse before it can be resumed, it is published in its 
present rather unfinished state. 


in like manner, only 


-dinaphthacridine could be detected. 
a 


EXPERIMENTAL. 
Condensation of o-4-Xylidine and o0-4-Xylenol with Methylene 
N 
Dichloride: 2:3 :7 : 8-Tetramethylacridine, C,H,Me,< & AO CoH Mey. 


o-4-Xylidine (1 mol.), o-4-xylenol (1 mol.), and methylene dichloride 
(1 mol.) were heated in a closed tube ; the temperature was allowed to 
rise rapidly to 250°, and then slowly to 350°, the higher temperature 
being maintained for one hour and a-half. After cooling, the contents 
of the tube were well washed with acetone to which some concentrated 
solution of ammonium hydroxide was added; by this treatment the base 
was left in the form of a nearly white powder ; this was further purified 
by washing with methylated spirit, and afterwards with water. The 
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powder was then either crystallised several times from toluene, or 
extracted with dilute hydrochloric acid, which yielded the hydro- 
chloride in yellow crystals, from which the base was regenerated by 
treatment with ammonium hydroxide. 

2:3:7:8-Tetramethylacridine crystallises from toluene in clusters 
of pale yellow, almost colourless, needles, which melt at 273°5° (corr.). 
It dissolves easily in benzene, ethyl acetate, or toluene, sparingly in 
acetone, alcohol, or light petroleum. The solution in ethyl acetate 
exhibits green fluorescence : 

02567 gave 0°8154 CO, and 0°1701 H,O. C=86°63; H=7:36. 

0°2357 ,, 12:2 ¢.c. N, (moist) as 11° and 752 mm. N=6:06. 

C,,H,,N requires C= 86°81 ; H=7:23; N=5-96 per cent. 

Aurichloride, C,,H,,N,HAuCl,.—This salt was obtained as a yellow 
precipitate on the addition of a solution of gold chloride to a solu- 
tion of the base in a mixture of concentrated hydrochloric and glacial 
acetic acids. The precipitate was collected, washed with dry ether, 
and dried at 110—115°: 

0:0740 gave 0°0252 Au. Au=34:05. 

C,,H, NCl,Au requires Au = 34:26 per cent. 

Platinichloride, (C,,H,,N),,H,PtCl,,2H,O.—A solution of platinic 
chloride was added toa solution of the base in glacial acetic and 
concentrated hydrochloric acids. The yellow precipitate, which formed 
at once, was washed with glacial acetic acid, then with ether, and 
dried at 105°: 

01347 gave 0°0287 Pt. Pt=21°30. 

C,,H,,0,N,Cl],Pt requires Pt = 21°29 per cent. 

Salicylate.—This salt was prepared, but not analysed. Tetramethyl 
acridine and salicylic acid were brought together in solution in hot 
toluene. On cooling, the salicylate separated in pale yellow needles, 
which were purified by recrystallisation from toluene. It is very 
soluble in benzene, toluene, alcohol, chloroform, or ethyl acetate, less 
so in acetone, and insoluble in ether or light petroleum. 


Condensation of 0-4-Xylidine with Methylene Di-iodide : 
2:3: 7:8-Tetramethylacridine. 


The same tetramethylacridine as that just described was obtained 
by this reaction. o0-4-Xylidine (2 mols.) and methylene di-iodide 
(1 mol.) were heated in an open vessel for a few minutes until reaction 
commenced ; the residue was then well mixed, and allowed to cool. 
The viscous, reddish-brown product was dissolved in alcohol, and the 
base precipitated from the alcoholic solution by a concentrated solu- 
tion of ammonium hydroxide. It was collected, washed with water, 
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dried at 100°, and then crystallised several times from its solution in 
toluene. 

Contrary to previous experience (Senier and Compton, Joc. cit.), no 
trace of an intermediate diamine could be detected. 


Condensation of 0-4-X4 or and a-Naphthol with Methylene Dichloride : 
N- 
-naphthacridine, C,H,Me,< ( yo C10 He. 


9 : 10-Dimeth ee, an B 
o-4-Xylidine (1 mol.), a-naphthol (1 mol.), and methylene dichloride 
(1 mol.) were mixed and heated in a closed tube for two hours, the 
temperature being allowed to rise gradually to 220—230° After 
cooling, the deep red, crystalline product was well washed with 
acetone, and the yellow residue of crude hydrochloride was heated to 
boiling with alcohol to which a little solution of potassium hydroxide 
had been added. The free base deposited as the mixture cooled, 
water was then added, and the base was collected and well washed 
with water. It was dried first on a porous plate, and afterwards by 
heating to 100°, and - ‘termes twice from light petroleum. 


9: 10- Dimstigighene 1, -naphthacridine consists of pale dull 


On. B 
yellow, thick plates, which melt at 171—172° (corr.). It is very 
soluble in the usual organic solvents, except alcohol and light 
petroleum, in which it dissolves sparingly. Its fluorescence in solu- 
tion is noteworthy, being blue when dissolved in benzene, toluene, 
alcohol, acetone, ethyl acetate, chloroform, or light petroleum, and 
green in glacial acetic or concentrated sulphuric acid. jt does not 
show triboluminescence : 

0:2115 gave 10°3 cc. N, (moist) at 18° and 769 mm. N= 

C,,H,,N requires N = 5°45 per cent. 

Platinichloride, (C,,H,,N).,H,PtCl,,2H,O.—This derivative was 
obtained as a deep yellow, crystalline precipitate when an aqueous 
solution of platinic chloride was added to a solution of the base in 
a mixture of glacial acetic and concentrated hydrochloric acids. 
The precipitate was washed with glacial acetic acid, then with light 
petroleum, and dried by keeping it for two to three days in a vacuum 
desiccator : 

0:0875 gave 00178 Pt. Pt=20°34. 

C,,H,,0,N,Cl, Pt requires Pt = 20°31 per cent. 

Aurichloride.—This salt forms a yellow, amorphous powder when 
precipitated by a solution of gold chloride from a solution of the 
base in a mixture of glacial acetic and concentrated hydrochloric 
acids. A specimen was prepared and purified by washing, first with 
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glacial acetic acid and then with light petroleum. This salt, like the 
next following, was not analysed. 

Salicylate.—The base (1 mol.) and salicylic acid (1 mol.), both in 
hot benzene solution, were mixed. On cooling, the salicylate separated 
as an orange-yellow, crystalline powder. It was recrystallised twice 
from toluene or benzene, when it melted at 99°5° (corr.). It is soluble 
in benzene, alcohol, light petroleum, toluene, or chloroform. 


Condensation of 0-4-Xylidine and B-Naphthol with Methylene Dichloride : 


9: 10-Dimethylpheno-)\ -naphthaoridine, O,H,Me< 0 A Cw 

A mixture of o-4-xylidine (1 mol.), B-naphthol (1 mol.), and 
methylene dichloride (1 mol.) were heated in a closed tube at a 
temperature of 260—270° for two hours. The contents of the tube 
after cooling, consisting of a dark red, viscous mass, were thoroughly 
washed with acetone, and the deep yellow residue was boiled for a few 
minutes with a mixture of alcohol and a small proportion of potassium 
hydroxide solution. From the solution thus obtained, the free base 
was precipitated by the addition of water, and, after several crystal- 
lisations from dilute alcohol, was obtained in long pale yellow, almost 
colourless, glistening needles. 

, N- 

9 : 10-Dimethyl- He 
acetone, ethyl acetate, chloroform, glacial acetic acid, or concentrated 
sulphuric acid, less so in toluene, ether, alcohol, or light petroleum. It 
exhibits fluorescence—blue, bluish-green, yellowish-green ; in benzene, 
toluene, light petroleum, acetone, ethyl acetate, alcohol, chloroform, or 
ether it is blue, and the solutions are colourless ; in glacial acetic acid 
it is bluish-green, and the solution is pale yellow; in concentrated 
sulphuric’ acid it is yellowish-green, and the solution is deep yellow. 
The base melts at 187° (corr.): 

0°1563 gave 7:7 c.c. N, (moist) at 13° and 750 mm. N=5-74, 

C,,H,;N requires N = 5°45 per cent. 

Platinichloride, (C,,H,;N),,H,PtCl,,2H,0.—This was obtained as a 
yellow precipitate on the addition of a solution of platinic chloride 
to a solution of the base in a mixture of glacial acetic and concentrated 
hydrochloric acids. It was washed with light petroleum and dried at 
110°: 

0:0570 gave 0°0115 Pt. Pt=20°17. 

C,,H,,0,N,Cl,Pt requires Pt = 20°31 per cent. 

Aurichloride, C,,H,,N,HAuCl,—This salt was prepared in the 
same manner as the platinichloride, using a solution of gold chloride. 


-naphthacridine dissolves readily in benzene, 
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The precipitate, which is orange-yellow after washing with light 
petroleum, was dried at 115°: 

0:0849 gave 0°0278 Au. Au=32°74. 

C,,H,,NCl,Au requires Au = 32°99 per cent. 

Salicylate, C,gH,,N,C,H,O,.—The base and salicylic acid were brought 
together, both dissolved in hot toluene. From the deep yellow solu- 
tion which resulted, yellow, glistening prisms deposited on cooling. 
The compound was recrystallised twice from toluene, washed with 
toluene, and dried at 110°. It melts at 164° (corr.) : 

0°1042 gave 3°1 c.c. N, (moist) at 21° and 769mm. N=3°43, 

C,,H,,0,N requires N = 3°55 per cent. 


Condensation of 6-Aminoguinoline with Methylene Di-iodide or 


; : 6-N-6 
Methylene Dichloride. 5-CH.5 


N-- 
CH NCE >OHSN. 


6-Aminoquinoline (2 mols.) and methylene dichloride (1 mol.) were 
heated together in a closed tube for one and a-half hours at 220—230° 
The contents were then extracted with methylated spirit, the solution 
evaporated to dryness, and the black mass resulting was well washed 
with acetone, containing a little solution of ammonium hydroxide, 
and then boiled with methylated spirit to which a few drops of solution 
of potassium hydroxide had been previously added. After cooling, the 
residue, a dark-coloured powder which contained the acridine, was 
washed with water, dried at 100°, and the crude base was extracted 
with toluene. By successive treatment of the resulting reddish-brown, 
crystalline mass with alcohol containing potassium hydroxide and 
extraction with toluene, pure crystals were obtained. 

By the second method, 6-aminoquinoline (2 mols.) was melted and 
methylene di-iodide (1 mol.) added. A vigorous action took place in 
a few minutes, and the mixture solidified. The dark-coloured solid 
was thoroughly washed with a mixture of acetone and concentrated 
solution of ammonium hydroxide, dried at 100°, and extracted with 
toluene. A portion which contained halogen remained insoluble, but 
was not further examined. The solution in toluene on concentration 
yielded an orange-yellow, crystalline product. This was collected, and 
freed from traces of halogen by boiling for a few minutes withmethylated 
spirit to which some solution of potassium hydroxide had been added. 
The residue remaining, after cooling, was dried at 110°, and crystallised 
several times from toluene. 

6-N -6 

5-CH-5 


-Diquinacridine, 


-Diquinacridine crystallises from dry toluene in clusters 
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of small needles, which when dried at 110° lose weight and become 
lighter in colour, due probably to their having contained com- 
bined solvent; finally, they become buff-coloured, and melt at 
303° (corr.). This compound dissolves easily in benzene, toluene, 
alcohol, chloroform, nitrobenzene, aniline, glacial acetic acid, or con- 
centrated sulphuric acid ; it dissolves less readily in ethyl acetate or 
acetone ; does not dissolve in ether, and is only sparingly soluble in 
light petroleum. The solution in ethyl acetate is yellow, in other 
solvents it is colourless. Marked blue fluorescence is shown in 
solution in concentrated sulphuric acid. The compound does not 
exhibit triboluminescence. 

For analysis the substance was dried at 110°: 

0°2388 gave 0°7138 CO, and 0:°0848 H,O. C=81'52; H=3°'94. 

01899 ,, 24°6 cc. N, (moist) at 13°5° and 748 mm. N=15-03. 

C,,H,,N, requires C=81:14; H=3-91; N=14-95 per cent. 

Platinichloride.—This salt was obtained as a pale pink precipitate 
when an aqueous solution of platinic chloride was added to a solution 
of the base in a mixture of hot glacial acetic and concentrated 
hydrochloric acids. 

Aurichloride.—To the base dissolved in a mixture of glacial acetic 
and concentrated hydrochloric acids a few drops of solution of gold 
chloride were added. A yellow precipitate formed, which was washed 
with dry ether and dried at 105°. 

Nitrate, C,,H,,N,,2HNO,.—This salt was obtained by dissolving 
the base in hot dilute nitric acid. After a few hours, pale yellow 
needles separated. They do not melt, but soften, and darken at 196° 
(uncorr.) : 

0°1039 gave 15°6 c.c. N, (moist) at 145° and 759 mm. N=17'50. 

C,,H,,0,N, requires N = 17:23 per cent. 

Picrate, C\gH,,N,,(C,H,0,N;)..—Hot alcoholic solutions of the base 
(1 mol.) and of picric acid (2 mols.) were mixed. A yellow precipitate 
collected, which was washed with alcohol and dry ether and dried at 
115°. It is insoluble in light petroleum and toluene, but very slightly 
soluble in alcohol. It does not melt below 295°, but darkens in colour 
at 278°: 

0°1408 gave 0°2579 CO, and 0:0336 H,O. C=49°95 ; H=2°65. 

02005 ,, 29:2 cc. N, (moist) at 13° and 755 mm. N=17-09. 

C3, H,,0,,N, requires C =50°30 ; H= 2°32 ; N=17-09 per cent. 

Benzoate.—This salt was prepared, but not analysed. It formed 
readily when hot solutions in toluene of the base and benzoic acid 
were mixed and kept for some time. Long, pale yellow needles 
separated, which, after recrystallisation twice from toluene, melted at 
180°5° (corr.). It dissolves readily in benzene, toluene, alcohol, or 
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chloroform ; less readily in acetone or ethyl acetate, and is insoluble 
in ether or light petroleum. 

Salicylate, C,,H,,N,,(C;H,O;)o.—The base (1 mol.) and salicylic acid 
(2 mols.), both in solution in hot toluene, were mixed, and the mixture 
kept for some time. A buff-coloured precipitate soon commenced to 
separate. This was collected and recrystallised several times from 
toluene. The salt consists of dull yellow needles, which melt at 216° 
(corr.). It does not exhibit triboluminescence. It is soluble in 
chlorcform, alcohol, ethyl acetate, benzene, toluene, or light petroleum : 


00922 gave 0°2401 CO, and 0°0373 H,O. C=71:02; H=4°49. 
01770 ,, 11°8c.c. N, (moist) at 17° and 761mm. N=7°75. 
C,,H,,0,N, requires C=71°05; H=4°16; N=7°55 per cent. 


Condensation of 6-Aminoquinoline and a-Nuphthol with Methylene 
Dichloride or Methylene Di-iodide : 


a-N -6 

B-CH-5 
N 

C,,H,< & HO COHN. 


-Napthaquinacridine, 


Wit! methylene dichloride the reaction was brought about in a 
closed tube. 6-Aminoquinoline (1 mol.) and a-naphthol (1 mol.) were 
heated for two hours at 240°. The contents of the tube were dissolved 
by heating to boiling with methylated spirit, and the solution, after 
concentration, was heated with a concentrated solution of potassium 
hydroxide. A dull green precipitate resulted, which was dried at 
100° and extracted with boiling light petroleum. The solution on 
cooling deposited the base as a yellow, crystalline powder. This was 
crystallised twice from ethyl] acetate. 

When methylene di-iodide was employed, the operation was conducted 
in an open vessel, The same proportions as before were used. The 
base and the a-naphthol were melted together and heated to 120°, and 
the methylene di-iodide was added to the mixture. The heating was 
continued until a temperature of 130° was attained, when the reaction 
commenced and the source of heat was removed until it moderated. 
Afterwards, heat was again applied, and the temperature was kept at 
170° for fifteen minutes. On cooling, the dark solid was dissolved by 
heating to boiling with alcohol to which a little potassium hydroxide 
had been added. An inky solution was obtained, to which, when cool, 
a small proportion of water was added, which precipitated a dark 
powder. This was collected, dried, and extracted with hot light 
petroleum, from which solution, on cooling, a yellow, amorphous powder 
separated. From this powder the pure base was obtained by recrystal- 
lising twice from ethyl acetate. 
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a-N-6 

B-CH-5 
needles, which melt at 268—268°5° (corr.). It dissolves readily in 
benzene, toluene, nitrobenzene, aniline, chloroform, glacial acetic acid, 
or concentrated sulphuric acid, less readily in acetone, light petroleum, 
ethyl acetate, or alcohol, and is insoluble in ether. The solutions are 
faintly fluorescent: blue in most solvents, but green in glacial acetic 
acid and concentrated sulphuric acid : 


0°1846 gave 15:9 cc. N, (moist) at 18° and 760 mm. N=9°95. 
C,,H,,N, requires N = 10°00 per cent. 


-Naphthaquinacridine crystallises in small, pale yellow 


Aurichloride.—This salt was prepared, but not analysed. It consists 
of an orange-yellow precipitate, obtained by adding a solution of gold 
chloride to a solution of the base in a mixture of glacial acetic and 
concentrated hydrochloric acids. The precipitate was washed, first 
with glacial acetic acid, and then with light petroleum. 


Condensation of 6-Aminoquinoline and B-Naphthol with Methylene 
Dichloride, Methylene Di-iodide, or Formaldehyde: oo 5 Naphtha- 
a- - 


guinacridine, OHS) > HN. 


Although numerous experiments were made by each of the three 
methods, we were not able to obtain this compound in a sufficiently 
pure state to give a constant melting point or a satisfactory analysis. 

When methylene dichloride was used, the reaction was brought about 
in a closed tube heated to 215° for two and a-half hours. With 
methylene di-iodide, an open vessel was employed, in which 6-amino- 
quinoline and 8-naphthol were melted, and the methylene di-iodide 
added. In this case the action was at first violent, and had to be 
moderated by cooling, but afterwards the temperature was increased to 
140°. With formaldehyde (trioxymethylene), the method was similar 
tothe last. The products by each method were treated in the usual way 
to isolate the base. In all cases, crystals, yellow prisms, were obtained 
from light petroleum, benzene, or toluene, which melted about 220°. 
The compound dissolves very easily in most organic solvents, less 
so in light petroleum or ether. It shows marked fluorescence, which 
is blue in most solvents, but green in either glacial acetic or sulphuric 
acid : 

0:1269 gave 0°3963 CO, and 0:0502 H,O. C=85:17; H=4°39. 

01948 ,, 17°2cc. N, (moist) at 16° and 763 mm. N=10°33. 

0:2538 . 20°8cc. N, (moist) ,, 16° , 762mm. N=9°78. 

C.9H,,N, requires C=85°71 ; H=4:28 ; N=10-00 per cent. 
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Salicylate, C,)H,,N,,C,H,0,.—The base (1 mol.) and salicylic acid 
(1 mol.), each dissolved in hot toluene, were mixed, and the mixture 
allowed to cool, when a yellow, crystalline powder quickly separated. 
After twice recrystallising from toluene, it melts at 198°(corr.). The 
salt dissolves in benzene, toluene, alcohol, acetone, ethyl acetate, or 
chloroform, but does not dissolve in ether or light petroleum. Blue 
fluorescence is observed in the solutions in alcohol, ethyl acetate, 
acetone, or chloroform. The solutions in benzene and toluene are 
not fluorescent : 

0°0656 gave 3:9 c.c. N, (moist) at 16° and 764 mm. N=6:96. 

C,,H,,0,N, requires N = 6°70 per cent. 
UNIVERSITY COLLEGE, 
GALWAY. 


CLXXXIV.—The Atomic Weight of Chlorine. 


By Rospert Wuytitaw Gray and Frank Puayrair Burt. 


Tue results of recent researches on the atomic weight of chlorine 
furnish a good illustration of the uncertainties inherent in all 
atomic weight determinations. The values obtained in any one 
investigation agree closely among themselves, and vary regularly 
about a mean. The mean values from different methods of experi- 
ment, however, are often much more divergent than the errors of 
measurement would lead one to expect. The following table 
exemplifies these statements, and shows clearly that some of the 
values are affected by small constant errors: 


Atomic Weight of Chlorine. O=16. 


n= i= Probable 
Obtained by Ratio measured. 1:0076. 1°00787. error. 
Dixon and Edgar? : ‘ 35°471 0°0019 
35°470 +0°0008 
35°469 —_ 
Noyes and Weber ® H:Cl and H:HCl 35° 35°461 +0°0008 
Richards * AgCl:Ag, NH,Cl:AgCl, 
and AgNO,:Ag : 35°456 very small 
Guye and Fluss ® Cl:0 35°466 7 
», Ter-Gazarian® Density of HCl and 
critical constants ... 35°461 35°461 _ 
1 Phil. Trans., 1905, 205, 169. 2 Phil. Trans., 1908, A, 209, 1. 
3 J. Amer. Chem. Soc., 1908, 30, 13. 4 J. Amer. Chem. Soc., 1909, 31, 6. 
5 J. Chim. phys., 1908, 6, 795. 6 Compt. rend., 1906, 143, 1233. 


Since the atomic weight of chlorine is one of the fundamental 
values on which the atomic weights of a large number of the 
VOL, XCV. 5 P 


1634 GRAY AND BURT: THE ATOMIC WEIGHT OF CHLORINE. 


elements depend, it is of great importance that it should be known 
with a high degree of precision. A careful examination of the 
results of recent investigations by Brauner (Abegg’s Handbuch, IL., 
i, 185) has led him to the conclusion that 35°458 is to be regarded 
as the most probable value, yet from the figures just quoted it 
seems by no means certain that the higher value 35°470 may not, 
after all, be a nearer approximation to the truth. In order to 
obtain further evidence, we have studied the question from a 
physico-chemical standpoint, and the present research contains an 
account of the determination of this constant by methods which 
are essentially different from those employed either by Dixon and 
Edgar, Noyes and Weber, Richards and his colleagues, or by Guye 
and Fluss. The work consists of a detailed study of hydrogen 
chloride, and falls into three parts, which comprise: 

1. A revision of the density of the gas. 

2. Its volumetric analysis. 

3. A determination of the form of the pv isothermal at 0°, 
between the pressure limits 780 and 150 mm. 


Part I.—The Density of Hydrogen Chloride. 


Comparatively few determinations of the density of this gas have 
been made. Leduc (Ann. Chim. Phys., 1898, [vii], 15, 1) deduced 
from his experiments the value 1°6407 grams for the weight of a 
normal litre of the gas. Later, Guye and Ter-Gazarian (Compt. 
rend., 1906, 148, 1233) obtained from four determinations the 
mean result 1°6398, which agrees well with the value 1°6397 result- 
ing from six experiments carried out by one of us a few months 
later (Proc., 1907, 23, 119). For reasons which will be given 
subsequently, we consider the latter value distinctly too large. 

In our experiments the gas was weighed after it had been 
condensed on cocoanut charcoal. The weighing bulb had a capacity 
of about 20 c.c. The bulbs in which the volume of the gas was 
measured had a capacity of about 450 c.c. One bulb was made 
of soda-glass, and the other of transparent, vitreous silica. The 
latter was attached to the rest of the apparatus by means of a 
capillary glass-silica connexion, the two portions of the connexion 
being cemented together with paraffin wax. The bulb and con- 
nexion were made by Messrs. Johnson and Matthey for this 
research. 

The method in all particulars is the same as that previously 
used by one of us for the determination of the density of nitric 
oxide (Gray, Znaug. Diss., Bonn, 1907, “ Ueber das Atomgewicht 
des Stickstoffs”). The details are best followed from Fig. 1. 
A is the volume-bulb, which could be put in connexion either with 
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the vessels used for storing and purifying the gas or with the 
charcoal absorption bulb B. The gas in A was kept at 0° by 
means of a bath of ice and distilled water. A was filled to a 
pressure slightly above atmospheric, and the excess of gas was 
allowed to escape through the sulphuric acid gauge GG. Complete 
adjustment of the gas pressure was effected by lowering the flask 
H; the standard barometer was then read, and the stopcock D 
turned off. The transference of the measured volume of gas from 
A to the weighed absorption bulb B was brought about by slowly 
cooling B by means of liquid air, and by opening the taps D and £. 
Before this operation was commenced, it was necessary to free 


Fie. 1. 


the capillary connexion tubes from air. This was accomplished 
by a ten minutes’ immersion of the second charcoal-bulb C in 
liquid air. At the conclusion of an experiment, the absorption 
bulb B was detached, cleaned, and suspended from the balance- 
beam, and weighed after an interval of an hour. Meanwhile the 
empty bulb A was refilled, and the cycle of operations repeated. 
After two experiments, the absorption bulb B was heated, and 
the condensed gas removed by means of a filter-pump. After 
900 c.c. of gas had been absorbed by the charcoal, the pressure 
inside bulb B did not exceed a few cm. of mercury at room 
temperature, so that an even larger volume of hydrogen chloride 


could obviously have been condensed and weighed in the 20 c.c. 
bulb. 
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With regard to the actual measurements little need be said. As 
can be seen from the following data, the volumes of the two bulbs 
were easily determined with a high degree of accuracy by weighing 
them full of boiled distilled water in the usual way. The bulbs 
were filled with water at 0°, and weighed at room temperature. 
A small glass bulb temporarily sealed on to the capillary stem 
provided space for the expansion of the water as the temperature 
rose from 0° to that of the balance case. A set of weights ranging 
from 1 kilogram to 1 milligram was used throughout the research, 
and their relative values were ascertained by Richards’ method 
(Zettsch. physikal. Chem., 1900, 33, 605). 

We did not require to know the absolute values of the weights, 
since they only served to counterpoise water and gas filling the 
bulb under measured conditions. The effect on the density bulb 
of a variation in the buoyancy of the air was eliminated in the 
usual way by employing a counterpoise. In calculating our results, 
all weighings were corrected for the deviation of the face values 
of the weights from their true relative values in air, and also for 
the air displacement of the weights. In calculating the density 
results which we announced in a previous note (Proc., 1908, 24, 
215), we made the perhaps not unnatural mistake of assuming that 
a correction was necessary for the difference between the air- 
displacement of platinum and brass, an assumption which would 
have been logical if the original calibration had been carried out 
in a vacuum. We overlooked the fact that this adjustment was 
made automatically when the weights were compared with each 
other in air, and that consequently the same correction for air- 
displacement must be made for both metals. This mistake 
appreciably alters our final density, and we take this opportunity 
of pointing out the existence of an error in the values already 
published. 


Volumes of the Bulbs at 0°, all corrections made. 


Glass bulb, Silica bulb. 

I. one ees - 465°857 c.c. sin _ 457°419 c.c. 

II. After a three months’ jreau After heating to 

interval 465°855 ,, redness 457°422 ,, 
The charcoal absorption bulb B was weighed on a long-beam 
Oertling balance, and the probable error of weighing was not 
greater than 0°03 milligram. It was counterpoised in the usual 
way by a bulb of nearly the same capacity, surface, and mass. On 
account of the small volume of this bulb, and the small variation 
in internal pressure due to the absorbed gas, the correction for 
change in buoyancy on exhaustion was of a negligible order. The 
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height of the mercury column of the standard barometer was 
referred to a glass scale, and read by means of a telescope and 
micrometer eye-piece to 0°03 mm. The temperature of the 
barometer column could be measured to within 0°2°. The absolute 
distance between two fixed points on the glass scale was ascertained 
for us at the Standards office through the kindness of Major 
Macmahon. A second scale used in some of the measurements was 
compared with an “invar” meter recently recalibrated at the 
National Physical Laboratory. For the loan of this standard, 
and for the use of the necessary reading instruments, we desire to 
thank Professor Trouton and Mr. Eumorphopoulos, of University 
College. 
The Preparation of Pure Hydrogen Chloride. 


The gas was prepared in three ways: 

1. From sulphuric acid and sodium chloride. 

2. From sulphuric acid and ammonium chloride. 

3. From silicon tetrachloride and water. 

The sulphuric acid was prepared by the contact process, and 
proved to be very pure. The sodium chloride was prepared by 
precipitating from its aqueous solution, by means of gaseous 
hydrogen chloride, a very pure sample of the salt obtained from 
Messrs. Hopkin and Williams. The sodium chloride was subse- 
quently recrystallised twice from water, and a careful examination 
failed to detect traces of other halogens. The ammonium chloride 
was purified after the method of Stas (Wuvres complétes, 1, 373). 
The salt was recrystallised twice from water, and the separation 
of the mother liquor was facilitated by the use of a centrifugal 
machine. The silicon chloride was obtained from Kahlbaum, and 
contained no free chlorine and no bromine compounds. 

The interaction of the concentrated sulphuric acid and sodium 
or ammonium chloride was carried out in a high vacuum in a 
sealed glass vessel, P, of the form shown in Fig. 1 (Guye and 
Bogdan, J. Chim. Phys., 1905, 8, 537). The salt was introduced 
into the lower, and the acid into the upper bulb, and the neck 
sealed off with a mouth blowpipe before exhaustion. The gas was 
dried by passage over phosphoric oxide contained in the tubes 7 
in the diagram, and was then condensed to a solid in the vessel R. 
From R the hydrogen chloride was boiled off and condensed in the 
second fractionating vessel S; when the latter was about half full, 
the tap was reversed, and the gas allowed to bubble through its 
own liquid. In this way any impurities possessing a higher boiling 
point than hydrogen chloride were partly or wholly eliminated. 
That fraction of the gas which passed over at an early stage of the 
operation was judged to be the purest, and was stored for later 
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use in two large 5-litre bulbs, which had been previously evacuated, 
first by means of a Fleuss pump, and finally by means of charcoal 
cooled in liquid air. The impure gas was then allowed to 
evaporate, and the connecting tubes and fractionating vessels were 
freed from this residue with a Tépler pump. Before filling the 
density bulb, the gas was condensed out of the storage bulbs and 
put through another series of fractionations. As a rule, the first 
fraction was returned to the storage bulb in case it might contain 
traces of air which had been entangled or dissolved in the solid 
hydrogen chloride and thus escaped removal by the pump. 

The preparation of the gas from silicon tetrachloride necessitated 
a different form of generator (Fig. 2). The distilling flask A was 
partly filled with distilled water. The silicon tetrachloride was 


Fie. 2. 


introduced into the cylinder B, which was protected by a calcium 
chloride tube from the entrance of moisture. A and B were con- 
nected by means of a tube C, which, before the introduction of 
water into A, had been filled with dry mercury. During an 
experiment the apparatus was immersed in a freezing-bath in order 
to moderate the reaction. By slightly reducing the pressure in A, 
a small quantity of silicon tetrachloride was sucked over, and the 
reaction started. The mixture of air and hydrogen chloride was 
passed through a tube D, packed with moistened glass beads, and 
then condensed in a large fractionating vessel. The air was pumped 
off through the Tépler pump, and the hydrogen chloride carefully 
fractionated in order to eliminate the last traces of the silicon 
tetrachloride. 
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Impurities in the Gas. 


Two sources of contamination were discovered in the early stages 
of the investigation. The gas was found to react with the phos- 
phoric oxide, forming a volatile phosphorus compound, which was 
decomposed by the mercury of the Tépler pump, a solid yellowish 
film being deposited on the glass surfaces. The production of this 
compound has already been observed by Richards. When the gas 
issuing from the phosphoric oxide tubes was led into water, the 
solution gave a yellow precipitate with nitric acid and aqueous 
ammonium molybdate. By employing phosphoric oxide distilled 
in a stream of oxygen, the formation of this compound was 
lessened. It was found, however, that the gas could be freed from 
this impurity by two distillations carried out in the manner 
described ; after this treatment, the concentrated aqueous solution 
of hydrogen chloride contained no detectable quantity of phos- 
phorus. 

The action of the gas on the rubber-vaseline lubricant initially 
used for the glass stopcocks proved another source of contamination. 
The grease was rapidly charred, and the taps soon ceased to 
maintain a vacuum. At the same time, organic compounds volatile 
in the gas were formed, and the density of the latter increased. 
The substitution of metaphosphoric acid for the grease was con- 
sidered, but abandoned on account of the large volume of hydrogen 
chloride it is capable of absorbing (Baker, Trans., 1898, 73, 422; 
Gutmann, Annalen, 1898, 229, 3). Finally, a lubricant, consisting 
solely of pure paraffins, was prepared, and this proved to be 
without action on the gas and to be capable of rendering a carefully- 
ground stopcock gastight for an indefinite period. 

After the gas had been kept for some time in the storage bulbs, 
it was found to contain traces of chlorine, and to cause phosphoric 
oxide to deliquesce. This was doubtless due to chemical action 
between the hydrogen chloride and traces of air adsorbed on the 
glass surfaces of the apparatus, or given off slowly from the tap- 
grease (Berthelot, Compt. rend., 1897, 125, 746). To eliminate 
the chlorine, the gas was passed over clean mercury before 
liquefaction (Shenstone, Trans., 1897, 71, 485). Any mercury 
vapour carried by the -gas was, of course, condensed in the 
fractionating vessels, and could not find its way into the density 
bulb. 

The crude gas from the ammonium and sodium chlorides and 
sulphuric acid certainly contained other impurities. The last 
fraction of the liquefied gas nearly always held in suspension a 
slight white precipitate, which volatilised less readily than the 
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hydrogen chloride itself. On examination of the gas resulting 
from the precipitate, hydrogen sulphide was discovered. Its 
presence was evident from the odour of the aqueous solution of 
the gas, and also from the formation of methylene-blue in a solution 
of paminodimethylaniline sulphate. The mode of its origin is, 
however, obscure. It is certain that neither the ammonium nor 
sodium chlorides nor the sulphuric acid contained sulphides, and 
one can only suppose that it originated from the reduction of the 
sulphuric acid itself during the evolution of the gas. The complete 
elimination of traces of hydrogen sulphide from hydrogen chloride 
is not easy. It might be supposed that it would be removed by 
mercury, but mercury does not attack perfectly dry hydrogen 
sulphide. Again, it might react with traces of chlorine, but in 
view of the absence of moisture this is also doubtful, and, moreover, 
chlorine was not always present. For its elimination we had to 
rely entirely on the fractional distillation of the liquefied gas. 

With regard to the gas obtained from silicon tetrachloride and 
water, it is difficult to see how it could have contained any foreign 
gases besides a possible trace of chlorine and vapour of the tetra- 
chloride. It was certainly purer initially than the product from 
the other two reactions. After the final fractionations, however, 
the gas from all three sources was certainly very pure. When 
condensed, the liquid was perfectly clear and colourless, and left 
no residue on evaporation. On further cooling, the liquid yielded 
a pure white, crystalline solid, which melted sharply at a constant 
and definite pressure of 100 mm. The gas was entirely free from 
air, for a little boiled water or a small piece of solid potassium 
hydroxide absorbed it completely. It contained no compound of 
phosphorus, and chlorine was entirely absent. The only likely 
impurity, in the case of gas prepared by the action of sulphuric 
acid on a chloride, was hydrogen sulphide. For reasons which will 
be given later, we are convinced that it could not have been 
present in sufficient quantity to influence the density results. 

We noticed a curious phenomenon connected with the con- 
densation of hydrogen chloride, which is worthy of mention. When 
the solidified gas was sublimed, or when the gas itself was slowly 
condensed at the temperature of liquid air, the crystalline product 
almost always exhibited a rose-pink coloration in patches. On 
allowing the solid to become warm, the pink colour entirely vanished 
before the melting point was reached. We have been unable to 
concentrate the coloration by either fractional distillation or 
sublimation of the hydrogen chloride. On the supposition that it 
is produced by a small trace of some highly coloured impurity, we 
have tried to increase its amount by adding small quantities of 
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other gases and vapours, for example, chlorine, iodine, bromine, 
nitrogen peroxide, sulphur dioxide, and hydrogen sulphide, to 
hydrogen chloride and condensing the mixture, but in no instance 
was there any visible increase of the coloration. The phosphoric 
oxide was not responsible for its production, for in one set of 
experiments sulphuric acid only was used as a desiccating agent, 
but the pink colour still made its appearance. It is noteworthy 
that Inglis (J. Soc. Chem. Ind., 1906, 25, 152) obtained a gas 
condensing to a red solid from the lead chamber gases of a sulphuric 
acid plant. The presence of a trace of moisture prevents the 
appearance of the colour, for we were never able to obtain it 
unless the gas had been previously very carefully dried. The 
intensity of the coloration varied in different specimens, but it 
did not appear to influence in any way either the density of the 
gas or its volumetric composition. We have, therefore, concluded 
that if the pink colour denotes the presence of an impurity, the 
latter must have been present in extremely small amount. 


Adsorption of Hydrogen Chloride on Glass Surfaces. 


In a research of this nature, the adsorption of the gas on the 
internal surface of the density bulb calls for careful consideration. 
We have confirmed the observation of Guye (Compt. rend., 1906, 
148, 1233), that the density of the gas in a new bulb decreases 
with each filling, and finally reaches a minimum value which varies 
fairly regularly about a mean. In all probability this decrease 
is due to the presence on the surface of the bulb of a film of 
moisture which absorbs the gas in relatively large quantities; 
this film being partly absorbed by the charcoal in the weighing 
bulb, together with the gas itself, the apparent density is too great. 
With each successive filling the film should diminish, and the 
density reach a constant value. As a matter of fact, in our method 
of working, a limit of desiccation was certainly reached after the 
first few fillings, and since, throughout the whole series of experi- 
ments in the same bulb, there was never any necessity for 
removing the stopcock, any source of error due to the moisture 
film either vanished or remained at a minimum. In the absence 
of all avoidable moisture there was, however, a small but 
appreciable amount of gas adsorbed by the glass. 

These conclusions are supported by the following experiments. 
A glass cylinder, fitted with a stopcock at either end, was con- 
nected with an adjustable mercury reservoir, and completely filled 
with dry mercury. On opening the upper tap, carefully dried 
hydrogen chloride entered and displaced the mercury; the gas 
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itself was then completely displaced by raising the mercury 
reservoir, and the upper tap was closed. On lowering the reservoir 
again, a vacuum was produced, and the mercury was drawn down 
until the meniscus fell below the lower tap. It was observed that 
during this operation small bubbles of gas came off from the walls 
of the vessel and collected in the cylinder. On taking special 
precautions beforehand to exclude moisture, the quantity of gas 
evolved in this way was visibly less. In order to make the experi- 
ment more definite, the cylinder was detached from the rubber tube 
connecting it with the mercury reservoir, and about 1 c.c. of a 
N/50-silver nitrate solution, acidified with a little dilute nitric 
acid, allowed to enter. Care was taken to avoid the presence of 
small mercury globules in the cylinder and tubes leading to the 
taps. When the cylinder had been carefully dried by a stream 
of pure air passed over phosphoric oxide, only a faint opalescence 
was produced, but the presence of a very small amount of moisture 
was sufficient to cause a marked turbidity in the reagent. Hence 
one may conclude that adsorption of the gas by well-dried glass 
surfaces is very small. That even this small amount of gas is taken 
up by cooled cocoanut charcoal is certain from the fact that on 
letting a little of the silver nitrate solution into the exhausted 
volume bulb of our apparatus at the end of each series of 
determinations, no trace of opalescence was ever observed. This 
test was fairly delicate, for blank experiments carried out with the 
same volume of silver nitrate solution showed that as little as 
2 cub. mm. of the gas could be readily detected. 

This last test also negatives the supposition that the glass was 
decomposed to any appreciable extent by the hydrogen chloride; 
had this been the case, chlorides of the bases present would have 
been formed and have yielded a precipitate with aqueous silver 
nitrate. 

From the foregoing experiments, it is clear that a rigorous 
desiccation of the density bulb was essential if good results were 
to be obtained. A silica bulb was used in the later determinations, 
for it was very much easier to dry its interior completely. The 
silica bulb was heated to redness and repeatedly filled with dry air 
and exhausted before attaching it to the apparatus. 

In our earlier density measurements, when rubber-vaseline grease 
was used as a tap-lubricant, it was only possible to make a small 
number of experiments without regreasing the bulb stopcock, and 
this involved the admission of moisture. For this reason, and also 
on account of the contamination of the gas by the grease, we 
consider these results untrustworthy, and they are not recorded 
in the final table. 
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In some experiments, which will be described later, we 
have measured the volume of gas removable from the glass surfaces 
in a vacuum. The method was similar to that employed in 
the qualitative experiments just described, but care was taken to 
displace the gas by the mercury at constant pressure. The bulb 
was made of the same glass as that used for the densities, and was 
kept at 0° throughout the operation. The amount of gas given off 
from each square cm. of surface amounted to 0°1235 cub. mm., and 
this quantity was constant at constant temperature and for any 
given initial pressure. On the assumption that this adsorbed gas 
exerted no pressure, we have made use of these results to correct 
our densities. The surface of the density bulb being 291 sq. cm., 
the volume of gas adsorbed by it was 0°036 c.c., and its weight 
000006 gram, and hence the amount to be subtracted from the 
weight of a litre of the gas was 0°00013 gram. This correction only 
applied to the glass bulb, and since no direct experiments on 
adsorption on silica surfaces have been made, we have introduced 
no alteration in the measurements carried out in the silica bulb. 

Another possible source of error was the solution of traces of 
hydrogen chloride in the grease used for the stopcocks. An 
attempt was made to measure this. It was found that the amount 
of gas dissolved by the grease on the bulb stopcock did not exceed 


0°01 c.c., and since this amount of gas represents an error smaller 
than the mean probable error in any of the series, we have decided 
to neglect it. 

In the following table we have applied to the numbers in the 
third column a small correction for the slight deviation of hydrogen 
chloride from Boyle’s law between 760 mm. and the observed 
barometric height. 


TABLE oF RESULTS. 
Series I. 


Glass bulb. Volume at 0°=465°856 c.c. Gas from sodium chloride 


and sulphuric acid. 
Weight of 
Weight of 1 litre of gas at 0° and 
gas condensed Barometric pressure 760 mm. in London, 
on charcoal : at 0°: London : corrected for 
all corrections made. all corrections made. compressibility of HCl. 
0°76097 gram 756°76 mm. 1°64053 grams 
0°75731 ,, 753°38 ,, 164004 ,, 
0°75481 ,, 750°83 ,, 1°64020_,, 
075968 ,, 755°79 ,, 163986 ,, 


Mean 1°64016 grams +40°00010 
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Series I, 


Glass bulb. Gas from silicon tetrachloride and water. 


Weight of 
Weight of 1 litre of gas at 0° and 
gas condensed Barometric pressure 7€0 mm. in London, 
on charcoal : at 0°: London: corrected for 
all corrections made, all corrections made. compressibility of HCl. 
0°75841 gram 754°38 mm. 1°64022 grams 
0°75959 ,, 755°65 ,, 1°63999 
0°76169 ,, 757°83 ,, 1°63976 
0°76150 ,, 757°15 1°64083 
0°75922 755°14 1°64030 
0°76186 757°79 1°64021 
0°76194 757 °84 1°64027 


IS oe go bo 


1°64023 grams 40°00008 


Series III. 


Quartz bulb. Volume at 0°=457°420 c.c. Gas from ammonium 
chloride and sulphuric acid. 


0°74622 gram 756°26 mm. 1°63950 grams 
0°74643 _ ,, 75618 ,, 1°64013 
0°75295 762°87 ,, 1°63984 
0°75776 767°31 ,, 1°64069 
0°75762 767°35 ,, 1°64031 
0°75216 761°93 ,, 1°64017 
0°73831 747°85 ,, 1°64050 
0°73646 745°99 ,, 1°64051 
0°74316 752°99 ,, 1°63992 
0°75651 766°37 ,, 1°64001 


1. 
2. 
3. 
4, 
5. 
6. 
7. 
8. 
9. 
0. 


1 


Mean...... 1°64016 grams $0°00008 


From the means of Series I and II, there has to be subtracted 
0°00013 gram, which represents the weight of adsorbed gas given 
off from the walls of the glass bulb. Then the means of the three 
series become: 


1°64003 
’ 1°64010 
gy EE IED ce. | dstikestierasecsncrss 1°64016 
The final mean calculated by the method of least squares is 
1°64011 + 0°00005, and the weight of a normal litre of gas (namely, 
the weight of 1 litre at 0° and 760 mm., Lat. 45°) is: 


164011 
1000568 = 1:63915 gram, 
where 1°000588 is the factor which expresses the difference in the 
value of “g” between London and Lat. 45°. 
On comparing the individual values in any one series, it will be 
seen that the maximum divergence is very much greater than the 
probable errors of measurement. We must say that in view of 
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the concordance of the results obtained by the same method with 
nitric oxide, a closer agreement was expected. It hardly seems 
likely that the discrepancies can be entirely explained by the 
presence of impurities in the gas, and our work on the analysis of 
hydrogen chloride supports this view. Moreover, in neither series 
is there any progressive change in weight, although the densities 
correspond with successive fractions of the liquefied gas. On the 
other hand, the agreement between the mean values of the three 
series leaves nothing to be desired, and in consquence of the large 
number of determinations, we think that our final figure is an 
accurate approximation to the true density of hydrogen chloride. 


Part II.—The Volumetric Analysis of Hydrogen Chloride. 


In order to deduce the molecular weight of hydrogen chloride 
from the value obtained for the density, it was possible to adopt 
several modes of procedure, involving the knowledge of either the 
exact volume of hydrogen yielded by two volumes of the gas, or of 
the relative compressibilities of hydrogen chloride and some 
standard gas, such as oxygen. A third method was to determine 
and reduce the critical constants of the gas according to the 
method worked out by Guye (J. Chim. Phys., 1908, 6, 795). These 
two latter methods involve a somewhat uncertain extrapolation, 
which is not the case in the first method, and for this reason we 
thought the most satisfactory course was first to measure accurately 
the volumetric composition of the gas. 

On account of the deviation of hydrogen and hydrogen chloride 
from the gas laws, it is clear that the ratio of the densities at 0° 
and 760 mm. does not accurately represent the ratio of the molecular 
weights. If, however, the volumes occupied by chemically 
equivalent quantities of the two gases are known, the required ratio 
can at once be deduced. 

The actual course of procedure was to find the volume of 
hydrogen obtainable from exactly two volumes of hydrogen 
chloride, both gases being measured in the same apparatus at 0° 
and 760 mm., that is, the same temperature and pressure at which 
the density measurements were made. In essentials the method 
was as follows. The two volumes of hydrogen chloride were 
measured successively in a constant pressure pipette, which, together 
with the mercury manometer column, was immersed in melting ice 
throughout the determination. After each filling the gas was 
collected in a bulb, and there decomposed by means of heated 
aluminium. The hydrogen produced was then returned to the 
measuring vessel, and since its volume was a little greater than 
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half the total volume of the hydrogen chloride, it was necessary 
to increase the volume of the pipette slightly in order to recover 
the original pressure. The accurate measurement of this small 
volume increment supplied the data for determining the ratio of 
chemically equivalent volumes of hydrogen and hydrogen chloride. 

The constant pressure pipette consisted essentially of the thick- 
walled bulb A (Fig. 3) of about 300 c.c. capacity, connected below 
by means of a short length of capillary tubing with the dead- 
space B, and above with another capillary tube carrying a two-way 
stopcock C. The dead-space was furnished with a glass point. 
The upper chamber of the manometer also carried a glass point, 
and communicated with the lower chamber containing the dead- 
space as shown in the figure. The distance between the two points 
was maintained constant by means of a stout glass rod W, sealed 
at its upper end to the manometer head, and at its lower to the 
capillary tube connecting the pipette with the two-way tap C. 
For our purpose, it was not necessary to know the exact distance 
between the two points. It was, however, essential that this length 
should not differ much from 760 mm. In sealing together the two 
ends of the glass rod when the apparatus was being set up, special 
care was taken to ensure the correct adjustment of the two points, 
and subsequent measurement with a cathetometer proved the final 
distance between them to be within 0°1 mm. of the _ required 
length. It was further necessary to guard against any alteration 
of the vertical distance between the two points during an experi- 
ment. The whole apparatus was rigidly fixed to a heavy iron bar 
with a tripod base, and any vertical displacement could at once 
be detected by the plumb-line VV. By levelling the tripod it was 
easy to reset the plumb line, and in practice this could be done 
without putting any dangerous strain on the sealed glass connexions. 
We adopted the method of Rayleigh (Proc. Roy. Soc., 1893, 58, 
137) to ensure the absence of air or moisture in the manometer 
head. The vacuum in the latter was verified from time to time 
by means of a Tépler pump (not shown in figure), and a small tube 
containing phosphoric oxide served to retain traces of water vapour. 

Sealed to the capillary between the bulb and the tap C was a 
capillary T-piece expanding into a tube of a few c.c. capacity, 
which terminated at its lower end in another capillary carrying a 
tap S. During the measurement of the hydrogen chloride, this 
side-tube, which we have called the volume-adjuster, was filled with 
mercury up to the top. It only came into use during the measure- 
ment of the hydrogen, and enabled the necessary increase in volume 
to be made. 

As can be seen in the diagram, the pipette, manometer column, 
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and volume-adjuster could be surrounded by melting ice contained 
in the tin-baths X and Z. Ice was always piled up from the lower 


Fig. 3. 


bath so as to cover the cork Q, in order to keep adjacent parts 
of the manometer column and glass connecting rod at 0°. It was 
clearly impossible to surround the dead-space with melting ice 
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on account of the difficulty of seeing the point. To obviate this, 
we surrounded the dead-space by a small subsidiary bath U, which 
could be filled with a suitable liquid cooled below 0° by means of 
the funnel. For this purpose we used brine, and we found no 
difficulty in keeping the temperature within one degree of zero 
when the final setting was made. On account of the small volume 
of the dead-space (almost exactly 1 c.c.), a variation of this order did 
not affect the results. The mercury required for displacing gas from 
the pipette was contained in a reservoir D. An air-catch 7 guarded 
the pipette from any trace of leakage at the rubber junction. 

Calibration of the Pipette—The pipette was calibrated from 
the tap C to the glass point in the dead-space by means of mercury 
after the apparatus had been set up, and before the side-tube 
leading to the manometer head had been sealed on. For this 
purpose a stopcock on capillary tubing, which was drawn out to a 
fine point, was temporarily fused on to the glass tubing below 
the dead-space. The pipette was then filled with mercury and 
cooled to 0°. The whole volume of mercury from the tap C was 
run out and weighed. Mercury was introduced again until the 
meniscus was set to the glass point, and this quantity was then 
run out and weighed. In a second calibration, the required volume 
was obtained directly by weighing the mercury run out from the 
tap to the dead-space point. During the calibration, the tubing 
below the dead-space was wrapped in cotton-wool to prevent the 
temperature from changing. The actual temperature in this part 
of the apparatus was not of importance so long as it remained 
approximately constant. The initial and final temperatures 
recorded by a thermometer in the cotton-wool were found not to 
vary by more than a degree throughout the operation, a difference 
involving no correction on the total volume. 

The mercury was weighed in four portions, and a set of 
platinised brass weights, ranging from 1 kilogram downwards, 
which had been carefully compared with each other, were used 
for this purpose. The same set of weights was employed for 
weighing the mercury withdrawn from the volume-adjuster in the 
measurement of the hydrogen during the analyses. In this way 
the volume increment was compared very exactly with the total 
volume of the gas, and the accurate evaluation of this ratio was 
all we desired to accomplish. The absolute volumes of the mercury 
withdrawn could have been calculated by making the usual 
corrections for air-displacement, and by comparing our weights 
with a standard set, but this was unnecessary, for in no circum- 
stances could the required ratio have been appreciably altered by 
changes in atmospheric conditions during weighing. 
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Calibration Values. 
Temp. of 
cotton wool. 


Weight of mereury from tap C 4365°749 grams 2°5° 
be =. », dead-space point 193°968 ,, 2°9 
sy filling pipette from tap 

C to point ADIL TB. xs — 

Volume 306°850 c.c. — 


Weight of mercury from tap C to dead- 
space point 4171°750 grams 1°2—2°3 
Volume 306°848 c.c. — 
306°849 c.c. — 


Introduction and Measurement of the Gas. 


The purified gas was distilled into the pipette through the 
taps K and C* until the points in B and # were approximately 
set. The tap A was then closed, and the final setting effected by 
means of the pressure-adjuster G'; this requires no special descrip- 
tion. By arranging the small reservoir H at a suitable height, and 
swinging the tap J, minute quantities of gas could be introduced 
into or withdrawn from the pipette. By the alternate manipulation 
of the pressure-adjuster and of the screw controlling a wooden 
clip, which compressed the rubber tubing connecting the reservoir 
D to the pipette, the two mercury meniscuses were set to their 
respective points. As Lord Rayleigh has shown, this method 
enables a very accurate adjustment to be made (Phil. Trans., 1902, 
A, 198, 418). 

With regard to temperature, the only parts of the system not 
actually surrounded by melting ice were the dead-space, which was 
cooled in a brine-bath as described, the short piece of capillary 
tubing connecting the dead-space and pipette, and the short column 
of mercury in the manometer from L to @M. On account of a slow 
leaking of cold water from the bath above, the temperature of 
these portions of the apparatus was reduced nearly to 0°. 

When the temperature and pressure had been satisfactorily 
adjusted, the tap C was reversed, and the gas allowed to flow 
through the capillary tube leading to the previously exhausted 
decomposition bulb M@. This bulb carried a silica boat slung from 
two stout platinum electrodes by means of silver leads; the boat 
was surrounded by a spiral of 30 per cent. iridium-platinum wire, 
which could be heated to redness by an electric current. The boat 
contained small pieces of pure aluminium. 

In order to obviate the use of a ground joint necessitating a 


* Both the taps C and X, through which hydrogen chloride passed, were lubri- 
cated with the paraffin grease described on p. 1639. 
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lubricant, the boat and its attachments were sealed up in the bulb 
before the latter was fixed im situ. When the two volumes of 
hydrogen chloride had been transferred, mercury was taken 
through the tap C and along the capillary as far as the bulb. 
During decomposition, the capillary leading to the pump was kept 
filled with mercury, previously introduced through the side-tube Y. 
This served to confine the hydrogen chloride to the bulb, and also 
to protect the lubricant of the tap O from the action of the gas. 
We might mention here that in our final experiments no gas but 
pure hydrogen was ever allowed to pass the tap O leading to the 
pump. 

After decomposition, the resulting hydrogen was allowed to flow 
back through the tap C into the pipette, and the remainder taken 
through the pump into the collector P, which was sealed to the 
inverted end of the capillary fall-tube. From time to time the 
hydrogen in the collector was allowed to return by the capillary 
tube F# to the pipette. As has already been indicated, the recovery 
of the original presure was effected by running out mercury from 
the tap S, and so increasing the pipette volume. This volume 
increment was then accurately measured by weighing the mercury 
run out. 

Decomposition of the Hydrogen Chloride. 


The selection of a suitable metal for the decomposition of 
hydrogen chloride was a problem of some difficulty. Those metals 
forming chlorides reducible at a red heat by hydrogen were clearly 
unsuitable. For the process to take place readily, it was necessary 
that a clean metallic surface should always be exposed to the 
gas. To ensure this, the resulting chloride had to be either fusible 
or capable of being sublimed, or the metal had to be in the liquid 
state so that it could be agitated during the process. 

Preliminary trials were made with the following metals: 
magnesium, tin, sodium amalgam, and, lastly, aluminium. With 
magnesium, the reaction did not start easily, and, once started, 
was quite uncontrollable. Molten tin reacted more gently, but 
with the dry gas the reaction did not proceed to completion. In 
the case of sodium amalgam, no decomposition whatever occurred 
unless the reaction vessel was appreciably moist. Even on raising 
the temperature to about 200°, the bright surface of the amalgam 
remained untarnished. In carrying out the reaction in presence 
of moisture, the hydrogen yield was too small. This probably is 
to be attributed to the fixation by the sodium hydroxide of a 
portion of the water, which did not then react with the amalgam. 

Experiments with aluminium gave far more satisfactory results. 
Whilst there was no reaction in the cold, at dull redness and in 
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entire absence of moisture decomposition proceeded steadily and 
rapidly to completion. We therefore selected this metal for our 
final analyses. 

The aluminium employed was a very pure specimen obtained 
from the British Aluminium Company. Analysis showed that it 
contained no carbon, a trace of iron, and only 01 per cent. of 
silicon. As is well known, aluminium electrodes, when subjected 
to the electric discharge in a vacuum tube, evolve hydrogen in 
appreciable quantities. The metal we used evolved a relatively 
small quantity of this gas, but the evolution was slow, even at 
bright redness in a vacuum. In order to reduce this content of 
hydrogen to negligible proportions, the silica boat and metal were 
kept at a high temperature in the evacuated bulb for several hours 
before a series of experiments was begun. Finally, the temperature 
was raised, and the aluminium just fused, which ensured the 
expulsion of the last traces of the gas. The silica boat was prac- 
tically unattacked by the fused aluminium or by the subsequent 
treatment it underwent in the decomposition bulb, and its weight, 
even after a series of experiments, was hardly altered.* 

During decomposition, the chloride volatilised as it was formed, 
and was deposited as a colourless, crystalline sublimate on the 
walls of the bulb, which were kept cold by a stream of water. The 
resulting hydrogen, when slowly bubbled through a silver nitrate 
solution, proved to contain no trace of hydrogen chloride. If, 
however, the aluminium chloride was first resublimed by heating 
the walls of the bulb, the hydrogen pumped off undoubtedly con- 
tained traces of the original gas. This showed that a certain 
quantity of hydrogen chloride had been retained by the sublimate ; 
this occluded gas could not be pumped off, but was expelled during 
volatilisation. To eliminate this source of error, the aluminium 
chloride was sublimed in a vacuum after the main bulk of the 
hydrogen had been removed, and the small quantity of hydrogen 
chloride liberated was then-decomposed by reheating the aluminium. 
This process was repeated until no more gas could be obtained. 
The final glowing served also to expel any gas which might jhave 
been taken up by the platinum-iridium wire on cooling in hydrogen 
at a high pressure. 

In the earlier experiments, a wire of pure platinum was used 
for heating the boat, but we found that owing to the action of 
the aluminium vapour the wire fused after a short time and the 
circuit was interrupted. Renewal of the wire required the breaking 
and resealing of the end of the bulb, and caused much delay. By 

* Original weight of boat 4°6715 x si per experiment, 


Weight after seven experiments 4°6712 ; 
nine more experiments. 4°6710_,, 0°00008 gram 
5 Q2 
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the employment of a wire containing a high percentage of iridium, 
drawn for us by Messrs. Johnson and Matthey, this difficulty was 
overcome. Frequent openings of the bulb entailed other dis- 
advantageous consequences. The admission of moist air, even when 
no aluminium chloride was present, invariably led to irregular 
results, doubtless on account of the difficulty of drying the glass 
surfaces before the actual decomposition was begun. For this 
reason, sufficient aluminium for a series of determinations was 
introduced into the bulb at the start, and, with proper precautions 
to eliminate moisture, concordant values were usually obtainable 
after the first analysis. 

From the foregoing description, it can be seen that in this 
apparatus the errors of measurement of the volume of the gas 
were reduced toa minimum. There was no appreciable uncertainty 
in the temperature of the manometer column, and the pressure 
was constant within the small limits defined by the accuracy with 
which the mercury surfaces could be set to the two points. The 
internal diameter of the glass tubing of which the reading portions 
of the manometer were constructed was about 15 mm. The capillary 


depression was consequently very small, and its influence on the. 


pressure setting must have been quite negligible on account of the 
method of adjustment of the meniscuses. Further, it was repeatedly 
proved that the gas could be circulated through the apparatus 
and retransferred to the pipette with hardly any perceptible change 
in volume. Before the final determinations recorded in this paper, 
we spent more than two months in testing the apparatus. We 
frequently made the experiment of passing a measured volume 
of hydrogen prepared from hydrogen chloride into the decom- 
position bulb, heating the aluminium for a long period, and then 
measuring the gas again in the pipette. In absence of moisture, 
the two measurements never differed by more than one part in 
ten thousand, and in many cases a concordance of one part in 
twenty thousand was attained. In the actual analysis of hydrogen 
chloride, many unforeseen sources of error made their appearance, 
and these will now be briefly considered. 


Impurities in the Hydrogen Chloride. 


In discussing the purity of the gas with which the density 
determinations were made, we pointed out that a rigorous frac- 
tionation of the liquefied hydrogen chloride was necessary in order 
to remove traces of hydrogen sulphide from gas generated from 
sulphuric acid and a chloride. The results of the volumetric 
analysis indicated still more clearly the need of the same precaution, 
since an amount of this impurity, insufficient to affect the density, 
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had a marked influence on the volume ratio. That we finally 
succeeded in eliminating hydrogen sulphide is shown by the fact 
that nearly identical results were obtained by analysis of gas from 
silicon tetrachloride and water, and from phosphoric acid and 
ammonium chloride, sources which admitted of no possible con- 
tamination with this impurity. 

Although the gas prepared from silicon tetrachloride and water 
had given excellent density results, a fresh preparation for the 
volume ratio apparatus was not so satisfactory. The difficulty of 
separating by fractionation some impurity the nature of which we 
were unable to determine soon led us to discontinue experiments 
with this particular sample of gas. From the lower-boiling 
fractions, we obtained one result which we have included in our 
final series, buf the higher-boiling fractions gave values differing 
from each other by as much as one part in 2500, and were hence 
neglected. It was judged sounder to check our results by the 
analysis of gas from a fresh source rather than prepare another 
sample from silicon tetrachloride and water. Accordingly, we 
selected the interaction of phosphoric acid and ammonium chloride 
as likely to yield a pure product. The phosphoric acid (Kahlbaum, 
sp. gr. 1°7) contained no sulphates, no organic matter, no lower 
acids of phosphorus, and only a small trace of nitric acid, as shown 
by the brucine test. The ammonium chloride was a sample of 
very pure salt supplied by Merck, and contained no organic bases. 
It was recrystallised twice from boiling water, and the perfectly 
clear solution was then evaporated to dryness in the flask in which 
the reaction was afterwards carried out. The greatest care was 
taken to avoid the entrance of dust or other organic impurities. 
No corks were used, and evaporation was effected by the passage 
of a stream of pure dry air over the surface of the solution while 
the flask was heated on a water-bath. When the salt was perfectly 
dry, phosphoric acid was introduced, the neck of the flask sealed 
off, and the side-tube fused on to the rest of the apparatus. The 
reaction, which was carried out in a vacuum, proceeded steadily 
on gentle warming. The residue left in the flask after the reaction 
was always perfectly white. From its method of preparation, this 
specimen of hydrogen chloride must have been very pure. The 
liquefied gas, however, was subjected to the same series of distil- 
lations before storage as the less pure gas from other sources, and 
was fractionally distilled into the pipette immediately before 
analysis. 

Among the list of impurities already discussed, we should include 
traces of sulphur dioxide and carbon dioxide, which might have 
been formed by the action of sulphuric acid on dust particles in 
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the reaction vessel. The existence of the former of these gases— 
which would have been easily separated by fractionation—is incom- 
patible with that of hydrogen sulphide, small quantities of which 
were known to be present in the early stages of purification. Owing 
to its physical and chemical properties, traces of carbon dioxide 
would have escaped recognition or separation, but the presence of 
appreciable quantities would certainly have been detected, as the 
density and the volume ratio results would have been affected in 
opposite senses. Assuming that the carbon dioxide would have been 
completely reduced by the aluminium in the decomposition bulb, 
the volume ratio would have been low, whereas the density would 
have been high. The following table shows the effect of 0°1 per 
cent. by volume of various impurities on the density and volume 
ratio respectively : 


Volume of hydrogen 
from two volumes of 


Density. hydrogen chloride. 
Pure hydrogen chloride...... 1°6392 1°0079 
0°1 per cent. HS ............ 1°6391 1°0089 
0°1 a SRE Eee 1°6383 1°0085 
0'1 és ee 1°6423 1°0069 
a ‘eae 1°6396 1°0069 
eae 3 Aer 1°6405 1:0069 
0'1 ‘a ME “Sidicacances 1°6412 1:0079 


It is easy to see that most impurities would have changed the 
results of the volumetric analysis and the densities in opposite 
directions and by different amounts. The fact that constant values 
for both sets of measurements were obtained with gas from different 
sources furnishes the best criterion of its purity and of the accuracy 
of our final numbers. 


Adsorption of Hydrogen Chloride on the Glass Surfaces. 


This phenomenon has already been discussed in Part I. A 
correction was made for the gas adsorbed on the walls of the density 
bulb and subsequently removed by the charcoal. In the same way 
the displacement by mercury of the hydrogen chloride from the 
pipette in the volume-ratio apparatus left on the walls a layer of 
adsorbed gas, which had to be taken into account, for had it not 
been removed it would certainly have escaped from the walls when 
the bulb was filled with hydrogen. In this case, however, it was 
unnecessary to measure and allow for this gas, since it could be 
got rid of without difficulty. In order to avoid any variation in 
the quantity of gas adsorbed, each volume of hydrogen chloride 
was transferred from the pipette to the decomposition bulb at 
approximately constant pressure. This was achieved by a suitable 
regulation of the tap C and of the position of the reservoir D, and 
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by carrying out the decomposition of the first volume of hydrogen 
chloride before the introduction of the second. As soon as the 
second volume of gas had been displaced, the tap C was shut and 
the reservoir D lowered. The adsorbed gas escaped from the walls 
into the vacuous pipette, and on taking the mercury up again 
was collected in the capillary. From here it was removed into the 
fractionating train by forcing the mercury through the other bore 
of the tap C. By repeating this operation twice, the adsorbed gas 
was reduced to a negligible quantity. In most experiments we 
adopted the further precaution of washing out the pipette with 
hydrogen from a previous determination. 


Impurities in the Hydrogen. 


The purity of the hydrogen obtained from the volume analysis 
was tested in various ways. The gas had no odour, and, as has 
already been mentioned, contained no trace of hydrogen chloride. 
The absence of hydrocarbons was proved by exploding with oxygen, 
when no carbon dioxide was found. Traces of silicon compounds, 
such as silicon tetrachloride, silicochloroform, or silicon hydride, 
might conceivably have been derived from the small quantity of 
silicon in the aluminium. Of these, silicon tetrachloride or silico- 
chloroform would have been detected in the same manner as 
hydrogen chloride when the hydrogen was bubbled through silver 
nitrate solution. Silicon hydride, being very unstable, would hardly 
have escaped decomposition in the bulb. Further, on exploding the 
hydrogen with oxygen, any silicon compounds present would have 
left a residue of silica, and this was never observed. 

In order to test for the presence of nitrogen, about 150 c.c. of the 
hydrogen were exploded with pure oxygen, until the volume was 
reduced to less than 1 c.c. This residue, after being dried over 
phosphoric oxide, was taken into a vacuum tube and examined 
spectroscopically. At low pressures no nitrogen could be detected, 
and there was only a very faint indication of its presence when 
the pressure was raised. This amount was negligibly small, and 
could not have influenced the results. 


Numerical Results. 


Since the volume, pressure, and temperature of the hydrogen 
chloride and the pressure and temperature of the resulting hydrogen 
were fixed and constant, the weight of the mercury run out of the 
volume-adjuster was a direct measure of the increase in volume, no 
corrections being required. 
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Volume of Hydrogen Chloride, 306°849 x 2 c.c. in all cases. Volume 
of Hydrogen, 306°849+ x c.c. 


Weight of Volume of 
mercury Increment hydrogen from 
run out volume x _ two volumes of 

Source of gas. (in grams). (in c.c.). hydrogen chloride. 
NaCl and H,S0O, ... Exp. 1 33°25 2°446 1:00797 
NaCl and H,SO, ... » 2 83°16 2°439 1:00795 
NH,Cl and H,SQ,... ww 32°98 2°425 1:00790 
NH,Cl and H.SO,... ao fi 32°97 2°425 1°00790 
NH,Cl and H,SO,... » 5 32°57 2°396 1:00781 
SiC], and HO ...... a © 32°50 2°390 100779 
NH,Cl and H,P0,... | 32°85 2°416 100787 
NH,Cl and H,PQ,... “a © 33°30 2°449 1°00798 

BOON ssascsscncss 1700790 
Maximum deviation, 1 in 5000. Probable error, +0°000017. 


We now have all the requisite data for calculating the atomic 
weight of chlorine. 

If Duo represents the weight of a litre of hydrogen chloride at 
0° and 760 mm., Lat. 45°, and D, represents the weight of a litre 
of hydrogen under the same conditions, and if the ratio of the 
volumes of hydrogen and hydrogen chloride, which at 0° and 
760 mm. contain equal number of molecules, is denoted by R, then 
the molecular weight of the gas in terms of O=16 is given by the 
expression : 

‘ios zy Atomic weight of hydrogen. 

Assuming Morley’s value for the weight of the litre of hydrogen 
under standard conditions, namely, 0°089873 gram, and also his 
value 1:00762 for the atomic weight of this element on the oxygen 
standard, the molecular weight of hydrogen chloride is obtained on 
substituting our experimental values in the above expression : 


163915 = _—2_. 1.00762 = 36-467. 
0°089873 1-00790 
and the atomic weight of chlorine = 35-459. 

This value is in close agreement with the values found by Dixon 
and Edgar, namely, 35°463, and by Edgar, 35°461, who also based 
their calculations on Morley’s atomic weight of hydrogen, but 
differs by 1 part in 3500 from that found by Noyes and Weber, 
namely, 35°452, whatever value is assigned to hydrogen. It should 
be pointed out here that our result, unlike Dixon and Edgar’s, is 
dependent not only on the atomic weight, but also on the density 
of hydrogen. We have selected Morley’s value for this constant 
as being the most trustworthy, and our selection seems justified by 
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the results of the measurement of the compressibility of hydrogen 
chloride which we now proceed to describe. 


Part III.—The Compressibilities of Oxygen and Hydrogen Chloride 


It has been shown by D. Berthelot and Rayleigh that at 
sufficiently low pressures all gases should strictly follow Boyle’s 
law, and that their relative densities should be exactly proportional 
to their molecular weights. The actual measurement of gaseous 
densities at low pressures is unnecessary, for the normal densities 
can be reduced to the corresponding values for perfect gases from 
a knowledge of the gaseous compressibilities. Thus, if D,; represents 


the normal density of a gas, and he the mean coefficient of com- 


pressibility between 1 and 0 atmospheres, then D1 - 4,9) represents 


the density the gas would have under normal conditions if its 
behaviour on compression from very low pressure to 1 atmosphere 
were theoretically perfect. That is to say, the ratio of the molecular 
weights of different gases is exactly equal to the ratio of the 
densities : 


Dil ‘ Ai) D{1 . Aso) ; D1 - qq), ete. 


The compressibility coefficient represents the deviation per 
atmosphere of a gas from Boyle’s law between the pressure limits 
0 and | atmosphere, and is defined by the expression : 


1 = Pome Pir , 

Por Pi ~ Po) 
where v,,v) represent the volumes occupied by the same mass of gas 
under pressures 7,,p), at constant temperature. The densities 


D,(1 - 4,9), D,(1- 429) ete, are called by D. Berthelot limiting 


densities, 

The variation of gases from Avogadro's law may be conveniently 
expressed in terms of density per unit pressure. If the weight of a 
certain mass of gas is W grams, and if it occupies at 0° a volume 
V litres under a pressure of p atmospheres, its density per unit 
pressure is IV/pv. The value taken by this expression when p=1 
atmosphere represents the normal density, and the value when p 
is very small, the limiting density. At pressures intermediate 
between 0 and 1 atmosphere the same mass of gas will occupy the 
volumes v,, v2, and vs, and exert the pressures p,, po, and ps, and 
the densities per unit pressure will be: 

WwW WwW 


‘ , and 
Pi Pore 
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For a perfect gas it is clear that these values will be equal, for 
pv is independent of the pressure, but for those gases which are 
more compressible than theory demands, pv increases as the pressure 
falls and the density per unit pressure diminishes. On the other 
hand, for gases like hydrogen and neon, the converse is true, and 
the limiting densities are greater than the normal densities. 

The ratio of the limiting densities of two gases in this terminology 
is: 

D, _ Wy . pow 
D, ~ po” W,’ 
where W, and W, represent any weights of two different gases in 
grams, and piv, piv) the values in litre atmospheres of the corre- 
sponding pv products of these weights at very low pressures. 
Consequently, if the molecular weights of the two gases are repre- 
sented by M, and M,, and the molecular weight M, is known, the 
value of M, is given by the expression: 
M, =H, - ES 1. 7: 

It is, therefore, evident that the measurement of the exact 
molecular weights of gases by the method of limiting densities 
resolves itself into the accurate determination of the factor povp. 
The whole problem, then, is to determine with the necessary pre- 
cision the variation of pv between the pressure limits 0 and 1 
atmosphere. 

There are two ways in which pv can change with changing 
pressure. The variation per unit pressure may remain constant 
down to very low pressures, or the variation of pv may decrease. 
It is, however, very difficult to decide experimentally whether 
dpv/dp ever becomes zero, because as the pressure falls the 
measurement of p becomes less and less accurate. At very low 
pressures a gas may apparently obey Boyle’s law; that is to say, 
if the volume be doubled, the pressure may appear to be exactly 
halved, but on account of the slight absolute change of p, the 
variation of pv may escape detection. For this reason, it is difficult 
to say from the researches of Rayleigh on the behaviour of gases 
at low pressures whether dpv/dp remains constant from one 
atmosphere down to very low pressures, or whether its value 
decreases as the pressure falls. All methods of determining the 
value of pov) involve an extrapolation from regions where pv 
measurements are experimentally practicable. It is, therefore, 
essential to determine the lie of the pv isothermal in these regions 
as exactly as possible. In making the necessary extrapolation in 
order to calculate the exact molecular weights, most investigators 
have assumed either that pv is a linear function of p between the 
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limits 1 and 0 atmospheres, or that the slight curvature of the 
isothermal can be calculated from theoretical considerations (Guye, 
J. Chim. phys., 1908, 6, 769, and D. Berthelot, ‘Sur les Ther- 


Fic. 4. 


mométres & gaz”). The first assumption is very probably correct 
for the permanent gases, but for the more compressible gases, such 
as hydrogen chloride, the true form of the isothermal can only be 
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satisfactorily ascertained by the experimental determination of a 
large number of points. In their researches on the compressibilities 
of ammonia and sulphur dioxide, Jaquerod and Scheuer made only 
three measurements of pv at pressures of 800, 400, and 200 mm. 
respectively, and extrapolated to zero pressure by means of a 
parabolic formula. The values they obtained in this way for the 
molecular weights of the two gases were distinctly too low, and 
it seems possible that the true form of the isothermal escaped 
recognition on account of the small number of points. 

Another factor which has been neglected by all investigators in 
this connexion is the variation in the amount of gas adsorbed by 
glass surfaces with varying pressure. In the present investigation 
we have endeavoured to settle as accurately as possible the pv 
isothermals of oxygen and hydrogen chloride by determining a 
large number of points, and in the case of hydrogen chloride we 
have taken into account the adsorption effect. 

A series of pressure and volume measurements were made 
between the pressure limits of 860 and 150 mm. Our results for 
oxygen confirm those of previous investigators, and show that the 
isothermal at 0° is a straight line within the limits of measurement. 
In the case of hydrogen chloride, the isothermal shows a distinct 
curvature, which becomes more marked as the pressure decreases. 

The apparatus (Fig. 4) consisted essentially of a bulb A, con- 
nected with a dead-space B and manometer C. The effective volume 
of the bulb A could be varied by withdrawing mercury from the 
tap D. The bulb, which was made of thick glass, had a capacity 
of about 550 c.c., and was filled with mercury to a mark 7 on 
the capillary immediately above the dead-space. The pressure 
contraction of the bulb was measured by completely exhausting it, 
filling it with mercury cooled to 0° to a mark on the capillary 
stem, and then determining the change in volume with changing 
pressure by the movement of the meniscus along the graduated 
capillary. The results were expressed in a graph, from which the 
necessary volume correction for any given pressure could be read. 


Experimental Numbers. 


Volume to be subtracted 
Pressure. from volume of gas, 
760 mm. 0°000 c.c. 
600 ,, 0°006 
550 ,, 0°008 
350 ,, 0°014 
40 ,, 0°025 


At the end of the compressibility measurements, we made experi- 
ments to see whether the weight of mercury in the bulk caused any 
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distortion involving alteration of volume. This was done by 
weighing out mercury and at the same time sucking in water 
through the upper capillary. The volumes corresponding with the 
successive quantities of mercury removed were compared with the 
volumes of water weighed in. Only a very small and negligible 
alteration in volume due to distortion was observed. 

The dead-space and manometer were made from carefully selected 
lead glass barometer tubing, which had an internal diameter of 
about 17 mm. The use of lead glass tubing, on account of its 
freedom from bubbles and striz, allowed the position of the 
meniscus to be determined with very great accuracy. In making 
the dead-space, special care was taken to avoid heating the glass 
immediately opposite the point. After many unsuccessful attempts, 
a dead-space possessing a volume of only 1°275 c.c. was obtained, 
and when it was placed in front of a glass scale and viewed through 
a low power microscope, no distortion of the scale lines in the 
vicinity of the point could be detected. 

Dead-space and manometer were immersed in a bath with two 
plate glass sides, and a stream of water kept the temperature 
constant. Inside the bath and immediately in front of the 
manometer column was suspended a glass millimetre scale, to which 
the distance between the two mercury meniscuses was referred. 
The scale, which was 1200 mm. long, was made by the Société 
Génevoise. The lines were of the order of 0°002 mm. in thickness, 
and required careful illumination to render them visible. For 
measuring fractions of a millimetre, we used a telescope fitted with a 
Hilger micrometer eye-piece, which enabled an accuracy of 0°01 mm. 
to be obtained. The length of scale over which readings were 
taken (960 mm.) was compared with an “invar”’ standard, and 
found to be 0°044 mm. too long at 16°. The scale was further 
calibrated in 30 mm. lengths by means of a reading microscope 
and standard screw reading to 0°001 mm., and a table of deviations 
drawn up. The maximum correction for irregularity of the scale 
was 0°03 mm. 


EXPERIMENTAL. 


The oxygen was prepared by heating pure potassium per- 
manganate, and was purified and dried by passage over soda-lime 
and phosphoric oxide. It was finally liquefied and distilled into 
the bulb. The hydrogen chloride was prepared and purified in 
the way already described. Before the final filling, the bulb was 
repeatedly exhausted and washed out with the gas to be experi- 
mented with. It was then filled with mercury rather beyond the 
mark £ on the capillary above the dead-space, and the whole cooled 
to 0°. The gas entered the dead-space through the side-tube G, 
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and when the pressure had risen to atmospheric, the final adjustment 
of the meniscus to the mark on the capillary was made by means 
of the tap D. By making this final adjustment at atmospheric 
pressure we obviated the necessity of applying a correction to the 
original volume of the gas for the contraction of the bulb on 
exhaustion. The next step was to allow mercury to run out of the 
tap D into a weighed bottle H until the effective volume of the 
bulb was of the required magnitude. The quantity of gas in the 
bulb and dead-space could then be adjusted, so that when the 
mercury meniscus was set to the glass point the pressure was of the 
order desired. By working in this manner, the initial volume of 
the gas was given directly by the volume of the mercury at 0° 
withdrawn from the bulb, plus the volume of the dead-space. 

Before reading the pressure of the imprisoned gas, we waited 
for some time after the temperature of the water in the manometer 
bath had ceased to vary. After a constant temperature gradient 
had been attained, there was usually a small difference of the order 
of 0°1° between the water surrounding the dead-space and the water 
at the top of the bath. The temperature of the water was ascer- 
tained by means of two thermometers, X and L, inside the bath, one 
fixed close to the dead-space point, and the other adjustable to the 
level of the upper mercury meniscus. At low pressures the ther- 
mometers showed an almost perfect agreement, since they were 
closer together. The temperature of the bath remained constant for 
long periods, and since the mean temperature was certainly known 
to within 0°05°, the maximum error on the length of the mercury 
column due to uncertainty of temperature was less than 0°01 mm. 

The reduction of the temperature of the bulb and its contents 
to 0° was necessarily slow, but by observing whether the mercury 
meniscus in the dead-space remained set, it was easy to see 
when equilibrium had been established. To avoid uncertain 
correction, that part of the capillary tube which was outside the 
bath, and connected the bulb and dead-space, was also immersed 
in melting ice contained in a metal gutter. 

Before making a pressure reading, the mercury meniscus in the 
dead-space was always brought exactly in contact with the point 
by means of a screw clamp compressing the rubber tubing con- 
necting the reservoir P with the dead-space and manometer column. 
The distance of a line on the scale from the set meniscus was 
verified immediately before and after each reading, as it was found 
that the position of the scale was subject to minute variations. 
Except that we always adjusted our mercury meniscus exactly to 
the glass point, our method of reading was the same in all par- 
ticulars as the method described by Travers, Senter, and Jaquerod 
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in their research on thé coefficients of expansion of helium and 
hydrogen. On account of the relatively large diameter of the 
mercury meniscus, the point and its mirror image were visible 
through the telescope, so that an exceedingly accurate setting was 
possible; further, the correction for capillarity was reduced to 
negligibly small dimensions. 

The initial pressure having been determined, successive quantities 
of mercury were withdrawn from the bulb and weighed, and the 
pressures corresponding to the new volumes read. As can be seen 
from the diagram, mercury would cease to flow from the tap D 
after the pressure in the manometer had fallen to about 500 mm. 
At this stage, mercury was withdrawn by attaching the side-tube 
of the small flask H toa filter pump. When nearly all the mercury 
had been removed from the bulb, the process was reversed, and 
a series of readings taken with rising pressure. 

The results in the following table are stated with all corrections 
made. The latter comprise: 


For volume. 

1. Reduction of the volume occupied by the gas in the dead- 
space to 0°. 

2. Contraction correction of the bulb. 

3. Reduction of the apparent weight of mercury to the vacuum 
standard. 


For pressure. 


1. Correction for the total error in the scale at the temperature 
of reading. 

2. Correction for irregularity of ruling in the scale. 

3. Reduction of the corrected manometric height to 0°. 


In order to show how the corrections were applied, we append a 
full calculation of the results of one experiment taken at random 
from our note-book. 

Oxygen. 


Series I. 


p (in mm. ). (in c.c.). pv. Smoothed pv. 
763°52 182°864 139620 139629 
711°07 196°373 139635 139638 
612°56 227 °980 139651 139656 
564°46 247°440 139670 139665 
499°93 279°400 139680 139677 
447°18 312°393 139696 139687 
384°52 363°300 139696 139696 
348 °83 400°456 139691 139705 
313°57 445°585 139722 139712 
284°77 490 °603 139709 139717 
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Series II. 


p (in min.), v (in ¢.¢.). °, Smoothed pv. 
875°99 158°611 138940 
849°32 163°605 3895: 138945 
826°60 168°106 138956 138949 
77809 178°587 138957 138956 
738°03 1¢8°304 138974 138962 
690°64 201°212 138965 138970 
609°03 228 °204 138983 138983 
560°45 248°010 138997 138992 
15°32 269°724 138994 139000 
409°56 339 °420 139013 139018 
372°85 372°842 139014 139024 
337 °27 412°177 139015 139031 
309°58 449°115 139037 132035 
280°52 495°651 139040 139040 
256°73 541°616 139049 139044 


Series IIT. 


866°99 64°874 56245 56249 
785°76 71°597 56258 56255 
607 °97 92°570 56280 56267 
547°05 102°863 56271 56272 
488°03 115°302 56271 56276 
426°36 131°996 56278 56280 
865°61 153°959 56289 56285 
322°83 174°367 56291 56288 
282°72 199°102 56290 56290 
252°53 222 °920 56294 56293 
226°33 248 °730 56205 56294 
204°30 275°575 56300 56296 
188°54 298 °563 56291 56298 
185°87 302°916 56303 56298 
171°66 327 945 56295 56299 
169°39 332°375 56301 56299 
157°48 357 °468 | 56294 56300 


Calculation of pv at 0° from experimental results (last in 
Series IIT). 
Volume of Gas. 


Volume of gas in bulb at previous reading, all 

corrections made 328°807 c.e. 
Weight of mercury run out 373°25 giams 
Correction for air displacement of mercury ... +003 ,, 
373° 28 
13°5955 
WORMMO GE GORE GIRES occ ccencscss cccssscscceses . 1°275 c.c. 


Increase in effective volume of bulb............ 27 °456 ,, 


Temperature of gas in dead-space 11°00° 
: : 1°275 x 273 ‘ 
Volume of gas in dead-space at 0° ............... — ai — 1226 ,, 
Contraction of volume of bulb under dimin- 
ished internal pressure, namely, 158 mm. -0°021 ,, 


Total volume occupied by gas at 0° 357 °468 c.c. 
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Pressure of Gas. 


Lower Meniscus.—Mean of two series of readings taken before and 
after reading upper meniscus: 


Micrometer Scale 
readings. Millimetre. readings. 
92, 89, 89, 91, 0°70 5°60 -0°70 
Distance from mercury meniscus set to 91, 89, 89 = 4°30 
point in dead-space to scale-line 5 Mean =90 
above it (128 micrometer 
divisions=1 mm.) 


Upper Meniscus: 


Distance of upper meniscus below “wt 111, 113, 112 0°88 163°00- 0°88 
line 163 Mean = 112 = 162°12 
162°12 - 4°30 157°82 mm. 
0°044 x 158 
960 
Contraction of scale from 16° to 11° 0°000009 x 5 x 158 
Correction for irregularity of scale ruling 
Correction of observed manometric height 
from 11°05° to 0° 


Corrected manometric height 157°48 mm. 
Therefore, pv=157°48 x 357°468 = 56294. 


The experimentally found values of pv for each series were 
plotted on squared paper on an open scale against the corresponding 
pressures, and it was found that the points were evenly distributed 
about a straight line. Various lines were ruled, until one was 
obtained which was judged to approximate most closely to the 
positions of the largest number of points. The deviations of the 
points from this line were read off and summed. This process was 
repeated, if necessary, with a fresh line until the algebraic sum 
of the deviations approached zero. From the final line the smoothed 
values for pv given in column 4 were obtained. From the table 
it can be seen that, although a few of the points diverge appreciably, 
yet the majority deviate only slightly from the smoothed values, 
and the position of the final line, on account of the number of 
points, is fixed with a high degree of accuracy. 

From the three series, the corresponding values of pyvy and 
pv, are readily obtained : 

Series. . Pr. 
139628 


138959 
56256 


VOL. XCV. 5 R 
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where W equals the weight of gas in grams, and pyvy is expressed 
in litre-atmospheres. 


But W= Drorm. + Py}, where Dom. is the weight of a litre under 


Pi 
standard conditions, p,v, is in litre-atmospheres, and p, = 1. Substituting 


Dim. = Drorm. + Py? which is independent of the units in which pv is 
Poo 
expressed, the limiting density of oxygen, assuming for the weight 


of a normal litre, lat. 45°, the value 1°42900 grams, is: 


Series 1 1°42756 
1°42768 
1°42760 


Mean, taking into account the number 
of observations in each series 1°42762 


The compressibility coefficient A} from each series is: 


Series 1 — 0°001009 
— 0°000920 
— 0°000977 


— 0°000964 


The pv measurements in the case of hydrogen chloride were 
obtained in a precisely similar way to those just described, but 
in calculating out the results, a further correction was applied for 
adsorption of the gas on the walls of the bulb. The maximum 
volume of gas adsorbed at 0° and 760 mm. was determined in the 
bulb itself, which for this purpose replaced one of the glass cylinders 
shown in Fig. 5. Afterwards the variation of the quantity of gas 
adsorbed with varying initial pressure was measured in the 
apparatus about to be described, and these experiments, in con- 
junction with the experiment in the bulb, enabled the requisite 
corrections for all pressures to be applied to the compressibility 
measurements. 

The principle of the method was to expose the surface of a dry 
glass cylinder to hydrogen chloride at a definite temperature and 
pressure, and then to displace the gas at constant pressure by 
mercury. The adsorbed gas remained on the glass below the 
surface of the mercury, and was subsequently removed by lowering 
the mercury and producing a Torricellian vacuum in the cylinder. 
Finally, the volume of the adsorbed gas was measured in a 
capillary tube. 

The apparatus (Fig. 5) consisted of two cylinders, A and B, of 
about 300 sq. cm. internal surface, connected with each other 
through a two-way stopcock C. The cylinders could be filled with 
mercury from the reservoirs D and #, which were attached to a 
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cord running over the pulleys G and H. This system of adjustment 
enabled one to transfer the gas from one cylinder to the other at 
constant pressure. The cylinder B was not used in the measure- 
ments, and merely served as a reservoir for the collection of the 
displaced gas. The measuring cylinder A was surrounded with 
ice and water contained in a tin-bath, and the capillary tube X, 
which was carefully calibrated, 
was used for the measurement of 
the volume of the adsorbed gas. 

Before the hydrogen chloride 
entered the apparatus, the 
greatest care was taken to 
ensure the complete absence of 
moisture. The gas was left in 
contact with the glass for twenty- 
four hours, and then displaced 
into the cylinder B at constant 
pressure. The tap C was then 
turned off, and a short length 
of the mercury thread in the 
calibrated capillary was frozen 
by means of solid carbon dioxide 
contained in the paper vessel L. 
This was necessary, because the 
gas dissolved in the grease of 
the tap, and was afterwards 
slowly evolved in a vacuum. 
The mercury was next lowered 
so as to produce a vacuum, into 
which the adsorbed gas escaped. 
On allowing mercury to refill 
the cylinder, this gas was col- 
lected and measured in the 
capillary, and was afterwards 
removed through the tap C. 
The mercury thread was then frozen again, and by repeating the 
operations described, a further quantity of gas was collected 
and measured. This process was continued, allowing definite 
intervals of time for the adsorbed gas to accumulate, until 
the volume obtained became negligibly small. The measured 
volumes of gas were afterwards plotted against the times during 
which the surface remained exposed to a vacuum. By making 
measurements at different pressures, we obtained a series of curves 
from which the total volumes of gas adsorbed at various pressures 

5 R 2 


Fie. 5. 
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could be read. The logarithms of these volumes were finally plotted 
against the corresponding pressures, and the corrections to be 
applied to the volumes in the compressibility measurements were 
read from the curve so obtained. 


Variation of Adsorption with Pressure. 
Experiments in cylinder A ; surface 300 sq. cm. T=0°. 


Volume of adsorbed 
Pressure. gas at 0° and 760 mm. 
0:0000 
0°0034 c.c. 
00045 ,, 
0-0070 ,, 
0°0104 ,, 


The experiments in the bulb yielded for the same initial pressure 
a larger volume of gas per unit area. This was almost certainly 
due to a difference in the state of the surface of the glass, since 
the other experimental conditions were the same. The total 
quantity of gas adsorbed at a pressure of 782 mm. of mercury and 
at 0° was 0°047 c.c., and the surface was 320 sq. cm. In correcting 
our results, we have adopted the value obtained in the bulb itself, 
and for lower pressures we have multiplied the values from the 
cylinder experiments by a factor to correct them to this standard. 

It should be stated here that experiments on the amount of 
adsorption of hydrogen and air were also made in this apparatus. 
With hydrogen the amount of gas adsorbed was barely detectable. 
Air was adsorbed to a greater extent, but the value obtained was 
very much smaller than that in the experiments with hydrogen 
chloride. These results are of interest, since they show that the 
gas was really adsorbed and not imprisoned in minute cavities in 
the glass surface. 

Before correcting the results, one other factor had to be taken 
into account. Since the quantity of gas adsorbed is directly pro- 
portional to the surface, it was necessary to know how the surface 
of the bulb exposed to the gas varied as the mercury was with- 
drawn. For this purpose, we assumed that the bulb was spherical, 
and we calculated the surface for the corresponding volumes. The 
nature of the correction will be clear from the following figures, 
taken from the correction table in our note-book: 


Volume of adsorbed 
gas at 0° and at observed 
Surface of pressure : to be added to 
Pressure of gas. glass exposed. measured volume of gas, 
68 sq. cm. 0°0098 c.c, 
: 0°0172 ,, 
a w 0°0341 ,, 
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As the glass surface increased and the pressure fell, the absolute 
amount of gas adsorbed also increased, since the surface effect more 
than counter-balanced the effect of diminishing pressure. The 
actual alteration of the form of the curve on applying this 
correction was very small. 

The following table of results for hydrogen chloride is given with 
all corrections made: 

Hydrogen Chloride. 


p (in mm.). » (in c.c.). pv. Smoothed pv, 
829°50 66°012 54757 54757 
761°09 72°023 54816 54802 
734°65 74°626 54824 54820 
720°78 76°072 54831 54829 
604°71 90°815 54917 54903 
558°67 98°334 54936 54932 
§15°35 106°642 54958 54958 
468°21 117°432 54983 54986 
424°66 129°525 55004 55010 
384°13 143°259 55030 55034 
347°70 158°343 55056 55054 
314°29 175233 55074 55072 
289°39 190°331 55080 55084 
264°53 208 °286 55098 55097 
243°40 226°401 55106 55107 
223 °95 246°117 55118 55116 
207 °68 265°447 55128 55125 
193°41 285°016 55125 55132 
180°24 305°898 55135 55138 
157°57 349°978 55146 55148 


On plotting pv against the corresponding pressures on the same 
scale as the oxygen, we found that a line drawn through the points 
had a slight but distinct curvature, which was more marked in the 
low pressure region. That is to say, the variation of pv per unit 
pressure decreases as the pressure falls, and the rate of decrease 
is greater at lower pressures. It seems probable that a compressi- 
bility curve of this type may be characteristic of all gases which 
at 0° lie below their critical points, and, if this is so, D. Berthelot’s 
principle, when properly applied, should give as accurate results 
for the liquefiable as it does for the permanent gases (Guye, 
J. Chim. phys., 1908, 6, 792). 

In drawing the most probable line through the points, exactly 
the same procedure was followed as in the case of oxygen. Two 
points in the high pressure region were obviously inaccurate, and 
less weight has been assigned to them than to the other points. On 
account of the slight curvature, extrapolation to zero pressure 
seemed at first sight an uncertain process. Afterwards, when the 
general lie of the curve had been fixed by means of a spline, graphic 
extrapolation over the comparatively short length of 157 mm. gave 
values for pov, differing only slightly from each other. After many 
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trials, we decided that the fairest extrapolation was obtained with 
the curve cutting the pv axis at 55213. The value of p,v,, also 
taken from this curve, proved to be 54803, so that the value given 
by the results for 

Po% jg 59218 


——. = 1°00748, 
Pr, 54803 


and the limiting density of hydrogen chloride is 


Dorm. « PY 1°63915 
Po 100748 


= 1°62698 grams per litre at 0° and 760 mm. 


The molecular weight of hydrogen chloride in terms of oxygen 
is, therefore, 


Dyim, hydrogen chloride _ 39 1°62698 x 32 _ 36-469, 


Dim, OXY Zen 1°42762 


and the atomic weight of chlorine, 36°469—1:0076 =35-461. 

If the validity of the assumption underlying the principle of 
limiting densities be admitted, this result affords valuable con- 
firmatory evidence of the correctness of the atomic weight of 
chlorine obtained by volumetric analysis. The two values, 35°459 
and 35°461, only differ by 1 part in 18,000. They both depend, 
however, on the density of hydrogen chloride, and any uncertainty 
in it would affect them equally. The former value, as is evident 
from the method of calculation, is further influenced by any error 
which would change the ratio atomic weight of hydrogen: density of 
hydrogen, but the latter number is practically independent of 
the O: H ratio, for the molecular weight of hydrogen chloride 
yielded by the compressibility results is expressed directly in terms 
of the oxygen standard. The close agreement is mainly brought 
about by the concordance of the results of the volumetric analysis 
and those of the pv measurements. Thus, if +0°00054 be taken 
as the coefficient of compressibility of hydrogen per atmosphere at 
0° (the mean of the results of Rayleigh, Jaquerod, and Scheuer 
and Chappuis), the ratio of the volumes of hydrogen and hydrogen 
chloride containing equal numbers of molecules is: 


1 +0-00054 
1 -—0:00748 


= 1-008], 


whilst volumetric analysis gave 1°0079. 
The final value for the atomic weight of chlorine yielded by these 
investigations is, therefore, 


35460, O=16, 
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An arithmetic mean of all recent determinations (O=16; 
H=1°00762) gives the same result. 


Dixon and Edgar 35°463 
Edgar 35°461 
Noyes and Weber 85°452 
Richards and colleagues 35°457 
Guye and Fluss 35°466 
Guye and Ter-Gazarian 35°461 
Gray and Burt ’ 35°460 


35°460 


Consequently, it may be stated with a considerable degree of 
certainty that the higher numbers which result from the use of 
Noyes’ value for the atomic weight of hydrogen, namely, 1°00787, 
are distinctly too great, and that the value advocated by Brauner 
is a close approximation to the true atomic weight of chlorine.* 
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thank him for his advice and criticism. Also we wish to thank 
Mr. H. S. Patterson and Mr. H. Page, who analysed some of the 
samples of aluminium, and Mr. W. N. Morley and Mr. A. C. 
Dunningham, who helped us in some of the compressibility measure- 
ments. 
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* During the correction of the proofs of this paper, a research by Scheuer on the 
density of hydrogen chloride has appeared (Compt. rend., 1909, 149, 599). 
According to this he obtains for the weight of a normal litre of the gas the 
value 1°6394 grams. This only differs from our present figure, namely, 1°6392 
grams, by 1 part in 8000. Possibly this small discrepancy may be due to the 
different method employed by us to correct for the gas adsorbed by the walls of 
the bulb. 

We have already referred to the error affecting the results which we published 
in a preliminary note (Proc., 1908, 24, 215). 
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CLXXXV.—The Spontaneous Crystallisation of Solutions 
of Sodium Carbonate and Sodium Thiosulphate. 


By Bernard Movat JoNEs. 


Durine the investigation of the spontaneous crystallisation of 
solutions of sodium sulphate (Hartiey, Jones, and Hutchinson, 
Trans., 1908, 93, 825), it was found that if crystal nuclei were 
excluded, and the solutions of varying strengths cooled down slowly 
with constant shaking, the unstable hydrate, Na,SO,,7H,O, nearly 
always appeared. The production of this solid phase was very 
regular, and the conditions determining its appearance were exactly 
defined by the supersolubility curve that was traced for it. The 
work recorded below was undertaken in order to determine whether, 
in the case of salts which form several hydrates, the spontaneous 
production of the unstable form, when supersaturated solutions 
are slowly cooled and shaken, is a general phenomenon. The salts 
chosen for the investigation were sodium carbonate and sodium 
thiosulphate, both of which crystallise from aqueous solutions with 
amounts of water of crystallisation which vary according to the 
conditions. 


I.—E experiments on Solutions of Sodium Carbonate. 


Five solid phases may crystallise from solutions of sodium 
carbonate, namely, ice, Na,CO,,10H,O, Na,CO;,7H,O (ortho- 
rhombic), Na,CO;,7H,O (rhombohedral), and Na,CO,,H,O. The 
supersolubility curves (that is, the curves giving the temperature of 
spontaneous crystallisation of supersaturated solutions of 
varying strengths) have been traced for ice, Na,CO,,10H,O, and 
Na,CO,,H,O. The crystallisation of Na,CO;,7H;O (orthorhombic) 
was irregular and of rare occurrence, giving but a slight indication 
of a supersolubility curve in the case of this solid phase. The 
crystallisation of the rare rhombohedral Na,CO;,7H,O was not 
observed at all. 

The method of experiment was precisely similar to that used in 
previous investigations on sodium sulphate (Hartley, Jones, and 
Hutchinson, loc. cit.) and on some alkaline nitrates (Jones, Trans., 
1908, 98, 1739). Weighed amounts of pure anhydrous sodium 
carbonate and distilled water were sealed up in glass tubes con- 
taining angular fragments of Jena glass to promote friction. The 
tubes were then warmed in a bath until all traces of crystalline 
nuclei had disappeared. Care was taken not to warm the tubes 
to too high a temperature, in order to avoid the production of the 
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monohydrate which might act as a nucleus for the growth of one 
of the other hydrates. When it was certain that no solid salt 
remained in the tube, it was cooled down with constant shaking 
by hand in a well-stirred water- (or alcohol-) bath, the temperature 
of which was falling at the rate of about one degree in twenty 
minutes. The temperature at which crystallisation occurred was 
noted on a thermometer graduated in tenths of a degree, and stan- 
dardised against a thermometer with a National Physical Labora- 
tory certificate. Several determinations were made with each tube. 
After one preliminary determination with the temperature of the 
bath falling rather more rapidly, the remaining determinations 
rarely differed by more than one or two tenths of a degree. The 
highest temperatures at which crystallisation was observed for 
solutions of varying strengths are given in the tables below, and 
are plotted as supersolubility curves in the figures. In all cases 
the determinations were made as soon as possible after the sealing 
of the tube, in order to minimise the effects of the chemical action 
of the alkaline liquid on the glass. From the concordance of the 
results, it was evident that the amount of action was very small 
in tubes which had only recently been made up. In tubes which 
had been prepared some weeks, particles of silica could be seen in 
the liquid, and such tubes were not used in plotting the super- 
solubility curves. 

Crystallisation of Ice.—This was an extremely definite 
phenomenon. The temperature of spontaneous formation of ice 
could generally be foretold to 0°19. Very violent shaking did not 
seem to cause crystallisation at temperatures appreciably higher 
than those recorded with moderate shaking. Distilled water, 
cooled under exactly the same conditions as the sodium carbonate 
solutions, gave ice crystals at —0°7°. This temperature is rather 
higher than that previously found by the author, —1°2° (Joc. cit.). 
The rate of cooling, however, in the present instance, was rather 
slower. The temperature observed by Miers was —0°4°, and by 
Hartley, Jones, and Hutchinson, —0°5°. The small difference 
between these values and the value —0°7° recorded in the present 
paper is probably due to the solvent action of the water on the 
glass fragments enclosed within the tube. These fragments become 
broken up by the continual shaking, and the very small particles 
of glass produced in this way are doubtless acted on by the water 
fairly rapidly, and lower slightly the temperature of the spontaneous 
production of ice. The value —0°5° was obtained by using garnets 
in place of glass fragments; Miers used “ glass, garnet, galena, or 
lead.” The use of glass as an agent to produce friction, then, 
probably introduces a slight constant error of not more than one 
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or two tenths of a degree into all the determinations. At the 
same time, its use is not attended with the disadvantages arising 
from crystallised substances, such as garnets or galena, which may 
have some inoculating effect, the extent of which it might not be 
possible to gauge, and which might vary for different solutions. 
The highest observed temperatures of crystallisation of ice from 
dilute solutions of sodium carbonate are given in table I. They 


Fic. 1. 


® Crystallisation of ice. 

O os », Na,CO3,10H,0. 

A a 5, Na,CO,,10H,O in the labile region. 
x ee », Na ,CO3,7H,0. 


are plotted as the ice-supersolubility curve in Fig. 1. It is seen 
that this curve runs nearly parallel to the ice-solubility curve at 
an average distance from it of about one and a-half degrees. 


TABLE I. 


(The tube contained from 1°8 to 4°4 grams of solution.) 


Parts of Na.CO, in 

100 parts H,O... 0°0 1°50 5°31 10°26 18°53 16°50 16°57 18°46 
Temp. of crystal- 

lisation of ice ... ~0°7° ~1°3° -—3°1° -5:0° -6:1° -6°6° -7:°0° -7'5 
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Two anomalous cases were observed, for which no explanation at 
present seems forthcoming. The tube of concentration 10°26 gave 
crystals of ice on slow cooling at —5°15° and —5°05°. In the third 
experiment, crystals of Na,CO,,10H,O were produced at —5:0°. 
On dissolving these, and cooling down again, ice appeared as before 
at —5°05°. Attempts to produce salt again from this tube were 
not successful. 

The tube of concentration 16°57 showed an even more curious 
behaviour. The supersolubility curve indicated that ice should be 
formed at about —7°. A preliminary rather rapid experiment 
gave crystals of Na,CO,,10H,O at —7°5°. A second slow experiment 
produced ice at —7'0°; but on removing the tube from the bath 
the ice melted, and salt suddenly appeared. Subsequent experi- 
ments with this tube gave salt always between —4°8° and —6°0°. 
Ice was never again produced in this tube. Repetition of the 
experiments on the same tube two months later produced salt at 
about —7°, but in this case there were obvious signs that con- 
siderable chemical action had taken place in the interval. Another 
tube of nearly the same concentration, 16°50, was prepared. This 
behaved normally, always giving ice at about —6°6°. 

Crystallisation of Na,CO3,10H,0.— 


TaBLeE II. 


(The tube contained from 1°5 to 5°5 grams of solution.) 


Temperature of Temperature of 

Parts of Na,CO, crystallisation of Parts of Na,CO, crystallisation of 

in 100 parts H,O. Na,.CO,,10H,0. in 100 parts H,O. Na,CO,, 10H,0. 
19°27 -6°6° 39°28 +4°9° 


35°38 j 
34°23 
36°38 
37°20 
38°95 
39°58 
42°42 
44°92 
47°30 
47°98 


oO 
Oo 


23°01 
20°24 
22°26 
23°87 
28°09 
25°09 
28°34 
32°57 
30°56 
32°03 
34°71 


+ 
PWNNWOONWN Wr 
SPRASANSSOSH 

ConA Dono 
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Table II shows the highest temperatures at which supersaturated 
solutions of sodium carbonate, on slow cooling and constant shaking, 
would deposit crystals of the decahydrate. In cooling such solu- 
tions, it was nearly always the decahydrate which appeared; the 
spontaneous formation of the heptahydrate was only rarely observed 
—in all, eight times in five tubes, out of a total of more than 
100 crystallisations in which salt was produced. The regularity 
of the crystallisation of the decahydrate is indicated by the super- 
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solubility surve traced in Fig. 1, which determines the lower 
temperature limit of the metastable region for this solid phase. In 
no case did crystallisation of the decahydrate take place appreciably 
within the metastable region as defined by this curve—except in 
the two anomalous cases mentioned above. In a few cases, however, 
marked A on the diagram, it was necessary to cool the tubes a 
few degrees into the labile region before crystallisation would take 
place. The tubes for which this was necessary showed always a 
slightly anomalous behaviour. The tendency to crystallise seemed 
rather sluggish, and a longer time was necessary before crystal- 
lisation could be induced to take place. It is possible that in these 
tubes the glass fragments had been attacked to a greater extent 
by the alkaline solution than in the case of the normal tubes. In 
every abnormal case, when another tube was prepared of nearly 
the same concentration, the new tube behayed normally, the solution 
crystallising at the temperature required by the supersolubility 
curve. When crystallisation of the decahydrate occurred, it 
appeared to start from a few, generally one or two, points, which 
might be on the inner surface of the glass, or, less usually, in the 
interior of the solution itself. The crystallisation, having once 
started, proceeded with great velocity, the whole solution at once 
beccming solid. 

The supersolubility curve for Na,CO,,10H,O is seen from the 
figure to lie roughly parallel to the solubility curve at an average 
distance from it of 25 degrees. It cuts the supersolubility curve 
for ice at a temperature of —7°6°, corresponding with a concen- 
tration of 187; this is the “hypertectic” point for ice and 
decahydrate. 

Crystallisation of Na,CO,,7H,0.—As mentioned above, the 
appearance of this solid hydrate was of rare occurrence, and a 
tube which would give it once would not necessarily give it again. 
The highest observed temperatures of crystallisation of this phase 
are given in table III: 


Tas.Le III. 


(The tube contained from 2°9 to 4°1 grams of solution.) 

Parts of Na,CO, in 100 parts H,O 27°11 34°71 35°38 36°00 37°20 

Temp. of crystallisation of Na,CO;,7H,0. 1°9° 5°0° 4°3° 49° 6°5° 

The first tube seems to have been abnormal. Crystallisation of 
the heptahydrate was observed once only at a much higher tem- 
perature than was anticipated, and the observation could not be 
repeated. Nor could the decahydrate be induced to appear even 
at temperatures well below 0°. Omitting this tube, it appears that 
there is a tendency to produce the heptahydrate only between 
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narrow limits of concentration—34'71 and 37°20. Even between 
these limits, however, the tendency to form the decahydrate was 
just as marked, the ratio of the number of crystallisations of 
heptahydrate to that of decahydrate being 8: 7. 

The crystallisation temperatures of the heptahydrate, shown on 
the figure thus: X, give a slight indication of the existence of a 
supersolubility curve for this hydrate, running nearly parallel to 
the solubility curve, but the crystallisation was not sufficiently 
regular or definite to make this certain. The opposing tendency 
among the solute molecules to produce the decahydrate appears 
to make the determination of the metastable limit for the hepta- 
hydrate a matter of some uncertainty. 

The formation of the heptahydrate was characterised by the 
sudden production of a great number of small crystals, giving the 
solution a milky appearance. The production of this “ labile 
shower ” in the case of the heptahydrate was in marked contrast 
with the sudden solidification of the solution on the formation of 
the decahydrate. 

Crystallisation of Na,CO;,H,O.—This hydrate is less soluble in 
hot than in cold water; hence it is necessary to heat a saturated 
solution freed from crystal nuclei in order that crystallisation may 
take place. Owing to the negative temperature-coefficient, and to 
the fact that the solubility curve at higher temperatures becomes 
almost parallel to the temperature axis, the rate of adjustment of 
equilibrium in such a solution is extremely slow. The observation 
of the spontaneous formation of crystals was then in this case a 
more tedious and difficult matter. It was found necessary to use | 
platinum tetrahedra to promote friction instead of glass fragments, 
since the latter on breaking up gave rise to minute particles 
indistinguishable from the crystals of the monohydrate. These 
latter, when first formed, were without definite outline, sharp edges, 
or bright facets, but were irregular, rounded, glassy particles, 
showing no distinctive characters under a pocket-lens. This fact 
rendered their immediate detection a matter of some difficulty. 
The lowest temperatures at which spontaneous crystallisation was 
observed in tubes of varying strengths are given in table IV. 
These temperatures are probably not accurate to less than one 
degree. 


Taste IV. 


(The tube contained from 2°3 to 4 grams of solution.) 


Parts of Na,CO, in 100 


parts HO 49°06 48°23 47°72 46°90 46°52 45°34 45°30 
Temp. of crystallisation of 


Na,CO,, HO 580° 60°0° 64-0° 69°5° 81-0° 82°7° 
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The results are plotted in Fig. 2, and give rise to a supersolubility 
curve which at higher temperatures is almost coincident with the 


solubility curve. 


II.—LF zperiments on Solutions of Sodium Thiosulphate. 


Sodium thiosulphate has long been known as a salt which readily 
gives rise to strongly supercooled solutions or fusions. It is, further, 
a salt which forms a number of different solid hydrates, and so 
was considered suitable for the present investigation. The crystal- 
lisation of supercooled fusions of this salt has been made the 
subject of an exhaustive study by Young, Mitchell, and Burke 
(J. Amer. Chem. Soc., 1904, 26, 1389, 1413), and by Young and 
Burke (ibid., 1906, 28, 315). These authors have shown the 
existence of twelve different solid hydrates, besides the anhydride, 
have determined their compositions, solubilities, transitién points, 
and the conditions under which they are formed. They seem to 
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have worked almost entirely with the fused pentahydrate; in a 
few cases certain hydrates are said to crystallise from solutions of 
different concentrations, but further particulars are not given. 
Moreover, their crystallisations were produced from solutions kept 
at rest, and the effect of mechanical friction does not appear to 
have been tried. 

In the present investigation, solutions of widely different con- 
centrations have been used; they have been cooled slowly with 
constant shaking as in previous work, and mechanical friction has 
been brought into play by introducing angular fragments of Jena 
glass before sealing. The supersolubility curves for ice and the 
secondary monohydrate (Young and Burke’s nomenclature is used) 
have been traced, both these solid phases giving well-defined 
metastable regions. The more concentrated solutions were prepared 
by sealing up weighed quantities of the anhydride, the stable form 
above 70°, and distilled water in glass tubes; the dilute solutions 
were made up from pure recrystallised primary (ordinary) penta- 
hydrate. To remove all traces of crystalline nuclei from the more 
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concentrated solutions, it was necessary to heat the tubes for some 
time—generally about an hour—in an oil-bath to a temperature of 
about 180°. The less concentrated tubes were heated in boiling 
water. 

Crystallisation of Ice—On cooling solutions of sodium thio- 
sulphate of concentrations from zero to about 40 parts per 100 of 
water with constant shaking, ice separates out at a definite tem- 
perature for each concentration. Table V gives the highest tem- 
peratures of spontaneous crystallisation of ice from solutions of 
varying strengths. 


TaBLe V. 
(The tube contained 2°4 to 5°2 grams of solution.) 


Parts of Na,S,0, in 

100 parts H,O... 0:0 4°01 7°13 14°94 26°44 28°75 28°96 35°31 
Temp. of crystal- 

lisation of ice ... -0°7° -—1°9° -—2°6° -—4°3° -—6°9° | -7:2° -—7°6° -9°2° 


The formation of the ice crystals was a very definite phenomenon. 
Successive determinations with the same tube generally agreed 
within one or two tenths of a degree. The data are plotted on the 
diagram inset in Fig. 3, the scale for the ice-curves being double 
that of the rest of the diagram. The temperatures of spontaneous 
crystallisation are seen to lie on a regular supersolubility curve 


running nearly parallel to the freezing-point curve at a distance 
from it of from three-quarters to one-half a degree, and gradually 
approaching it with increasing concentration. The curve was not 
carried further, owing to the inconvenience of working with lower 
temperatures ; the average temperature of the laboratory was about 
30°, rising at times above 40°. Moreover, there were indications 
that with increasing concentration the solutions tended to become 
sluggish, and not to crystallise at all within a reasonable time. 
A solution of concentration 47°67 did not crystallise at —13°, 
although expected to give ice at —11°, and solutions of concen- 
trations 79°98 and 80°67 did not crystallise at —15°. 
Crystallisation of Na.8,03,H,O (secondary).—When solutions of 
sodium thiosulphate of concentrations between 178 and 255 were 
slowly cooled and shaken in sealed tubes containing glass fragments, 
this solid phase invariably crystallised out. At a definite tem- 
perature for each tube, a shower of crystals appeared, causing a 
milky appearance in the tube. The crystals were identified as 
those of the secondary monohydrate by determinations of their 
solubility. In the case of the more concentrated solutions, which 
crystallised spontaneously between 30° and 55°, the phenomenon 
was very definite. Crystallisation always took place after being 
kept at a certain maximum temperature with constant shaking for 
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ten minutes or a quarter of an hour. Successive determinations 
with the same tube agreed to within half a degree. In the more 
dilute solutions, which crystallised at lower temperatures, 5° to 
30°, the crystallisation was somewhat less definite, a rather longer 
time being necessary to insure crystallisation. Crystallisation 
would, however, always occur after standing half an hour to an 
hour at the maximum temperature. The greater length of time 
required was due to the greatly increased viscosity of the solutions 
at these temperatures. At still lower temperatures, the viscosity 


Temperature 


28° ae 


® Crystallisation of ice. 
O ” »» Na,S,0;,H,0. 


became too great to allow of crystallisation taking place within a 
reasonable time. The solutions, indeed, became so viscid that they 
could neither be shaken nor poured. Such solutions were therefore 
unsuitable for determining a supersolubility curve. They would 
in general only crystallise after standing for protracted periods, 
amounting often to weeks or months. In such cases, it was not 
the monohydrate which separated out, but one of the other possible 
solid phases, generally the dihydrate or secondary pentahydrate. 
Between the concentrations 178 and 255, however, it was always 
the monohydrate which appeared on slow cooling, so long as the 
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tube was constantly shaken. Table VI gives the highest tem- 
peratures at which spontaneous crystallisation was observed in such 
tubes. 


TaBLE VI. 
(The tube contained from 2°2 to 84 grams of solution.) 


Parts of Na,S,O, in 100 parts H,O: 
178°99 190°48 191°60 201°13 205°88 222°73 234°62 253°00 255°23 


Temp. of crystallisation of Na,S,0,, H,0 : 
970° =:18°9°-21°9° Ss 280° 81°7° Ss 39°2°— 45°3°— «5 2°9° —s«H3.°7° 

The results are plotted in Fig. 3, and give rise to a regular 
supersolubility curve running roughly parallel to the solubility 
curve at a distance of about 20° from it. For the sake of clearness 
in the figure, only the solubility curves of the more important 
hydrates have been shown. 

If the tubes were not shaken constantly during cooling, it was 
not always the monohydrate which crystallised. In the tube of 
concentration 234°6, on one occasion, crystals of the anhydride 
were formed when the tube was allowed to cool slowly without 
shaking from 50°. This was the only occasion on which the 
anhydride was produced spontaneously. It is possible that nuclei 
of the anhydride may have been left in the tube, although its 
previous treatment renders this unlikely. The dihydrate crystal- 
lised out in the tubes of concentrations 191°6 and 201°1 when they 
were kept at rest at the ordinary temperature, and was identified 
by its solubility. 

Owing to the viscosity of the solutions, and the long times 
necessary for crystallisation for concentrations between about 50 
and 170, no systematic investigation of the spontaneous crystal- 
lisation of such solutions was made. 

Tubes containing 47°67, 79°99, 80°67, 146°39, and 153°38 parts 
of Na,S,0, respectively to 100 parts of water did not crystallise after 
keeping for some months at the ordinary temperature or after a 
short time at about —10° to —15°. 

Tubes containing 124°09, 145°31, 162°58, 166°83, and 169°94 parts 
of Na,S,O, to 100 parts of water gave secondary pentahydrate on 
exposure to temperatures of about — 8° to —15° after standing some 
hours. 

The spontaneous formation of the primary (ordinary) penta- 
hydrate was observed in two tubes only. These had concentrations 
of 100°7 and 101°1, and were the first two tubes prepared. Since 
they had shown themselves to be unsuited for the determination 
of a supersolubility curve, they had been set aside and maintained 
at the laboratory temperature without being kept under close 
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observation. On examination five months after, both tubes were 
found to contain large, transparent, glassy crystals. Determination 
of their solubility showed them to be the ordinary pentahydrate. 
This was confirmed by the fact that on warming there was no 
sign of any change into a different hydrate, as would probably have 
occurred with any other hydrate heated to the same temperature, 
39° to 40°. Moreover, after having dissolved the crystals until 
only a small fragment remained, and then allowing to cool slowly 
with shaking, a shower of brilliant little monoclinic prisms was 
obtained identical in appearance with the ordinary pentahydrate. 
According to Young and Burke, the spontaneous production of 
this solid phase was never observed in solutions or fusions of 
sodium thiosulphate. They found, however, that it was produced 
from all the other solid hydrates by exposure to a temperature of 
—35°. It is noteworthy that in the only two cases in which the 
spontaneous formation of this phase has been observed, the con- 
centrations were nearly the same—100°7 and 101°1—and it would 
seem, therefore, that at such concentrations the dissolved salt was 
in the most favourable condition to form this hydrate. It is certain 
that in the tubes under discussion no solid nuclei of the penta- 
hydrate were present. For in spite of having been cooled to low 
temperatures, no crystallisation of this hydrate was observed during 
the space of a week; and it is probable that no crystallisation took 
place before some months of standing. 


Summary. 


1. Supersaturated solutions of sodium carbonate, freed from 
crystal nuclei, crystallise at definite temperatures on being subjected 
to mechanical friction. 

2. Supersolubility curves have been traced showing the conditions 
under which ice, Na,CO,;,10H,0, and Na,CO,,H,O are formed 
spontaneously from sodium carbonate solutions. 

3. Contrary to Ostwald’s law of successive reactions, the less 
stable Na,CO;,7H,O is only rarely produced spontaneously. The 
conditions favouring the spontaneous formation of this phase appear 
to exist only in solutions of concentrations between certain narrow 
limits. In such solutions, however, the tendency to produce the 
decahydrate appears to be equally well marked. 

4. Supersaturated solutions of sodium thiosulphate, freed from 
crystal nuclei and between certain limits of concentration (0 to 40 
and 179 to 255 parts of anhydrous salt to 100 parts of water), 
crystallise at definite temperatures when subjected to mechanical 
friction. 

5. Supersolubility curves have been traced showing the conditions 
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under which ice and Na,8,0;,H,O (secondary) crystallise spon- 
taneously from solutions of sodium thiosulphate. 

6. Under the conditions employed—slow cooling and constant 
shaking—ice and Na,S,0;,H,O are the only two of the fourteen 
possible solid phases which crystallise out spontaneously within 
the space of one or two hours. 

7. The spontaneous production of anhydrous Na,S,0;, primary 
Na,S8,03,2H,O, secondary Na,S,0,,5H,O, and ordinary (primary) 
Na,.8,03,5H,O has been observed in solutions of sodium thiosulphate 
kept at rest for longer periods. Owing to the viscosity of the 
solutions, and the long time necessary for crystallisation, it was not 
found practicable to trace any regular relationship between the 
temperature of crystallisation and the concentration of the solution. 


GOVERNMENT COLLEGE, 
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CLXXXVI.—The Iodobenzenemonosulphonic 
Acids. Part 1. | 


By Mary Bov-e. 


AutHouGcH a large number of chloro- and bromo-derivatives of 
benzenesulphonic acid and of the homologous acids have been 
prepared, little is known of the corresponding iodo-compounds, the 
o-, m-, and p-iodo-derivatives alone being known in the case of 
benzenesulphonic acid. 

The investigation, of which the first part is described in this 
communication, has for its object the preparation and study of the 
higher iodo-derivatives of benzenesulphonic acid, and an account 
is given of 2: 4-, 2: 5-, 3: 4-, and 3: 5-diiodo-, and 2: 3: 5-, 
2: 4: 5-, and 3: 4: 5-tri-iodo-benzenesulphonic acids. 


Historical. 


p-lodobenzenesulphonic acid was first described in 1872 by 
Korner and Paterno (Gazzetta, 2, 448), who prepared it from 
iodobenzene and fuming sulphuric acid; it was subsequently pre- 
pared by Lenz in 1877 (Ber., 10, 1135) by displacing the amino- 
group of aniline-p-sulphonic acid by iodine. 

The ortho-acid was prepared by Bahlmann in 1877 (Annalen, 
186, 325) by the action of fuming hydriodic acid on the diazo-salt 
of aniline-o-sulphonic acid; the meta-acid was prepared in like 
manner from aniline-m-sulphonic acid by Langmuir in 1895 (Ber., 
28, 93). lIodo-derivatives of several sulphonic acids of the 
58 2 
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homologues of benzene have also been prepared, namely, o-iodo- 
toluenesulphonic acid by Mabery and Palmer (Amer. Chem. J., 
1884, 6, 170); the para-derivative by Glassner (Ber., 1875, 8, 560) 
and de Roode (Amer. Chem. J., 1891, 18, 233); a disulphonic acid 
of p-iodotoluene by Richter (Annalen, 1885, 280, 325); an 
iodoxylenesulphonic acid by Hammerich (Ber., 1890, 28, 1635); a 
di-iodoxylenesulphonic and an iodomesitylenesulphonic acid by Tohl 
(Tohl and Bauch, Ber., 1893, 26, 1107; Téhl and Eckel, Ber., 1893, 
26, 1101), besides others of a more complex nature. 


Theoretical. 


The sulphonation of iodo-compounds in all cases involves the 
formation of compounds richer in iodine, the sulphuric acid acting 
to a certain extent as a carrier of halogen, and causing the transfer 
of iodine from one molecule to another. Such sulphonating experi- 
ments, therefore, result in the production of at least three sub- 
stances, namely, (1) a compound containing more iodine in the 
nucleus than the original substance; (2) an iodosulphonic acid; (3) 
a sulphonic acid free from iodine, the molecule which has lost 
the iodine being, as a rule, readily attacked by the sulphonating 
agent. Such was observed to be the case by Hammerich (loc. cit.), 
who subjected iodo-m-xylene to the action of concentrated sulphuric 
acid, also by Neumann (Ammnalen, 1887, 241, 47) during his 
investigation of the action of sulphuric acid on iodobenzene. 

The latter observer studied the conditions under which 
sulphonation of the iodo-compound is possible, and arrived at the 
conclusion that strength of acid, proportions of the interacting 
substances, and temperature are all important factors to be taken 
into consideration. As a rule, concentrated acid favours sul- 
phonation, high temperatures the production of di-iodobenzene. 

My first attempts to prepare 2: 5-di-iodobenzenesulphonic acid 
were made on the lines of these experiments, since it was evident 
that if p-iodoaniline or p-iodoacetanilide could be directly sul- 
phonated, the conversion of either product into the required acid 
would be a matter of little difficulty. The results were very 
unsatisfactory. 

In the case of iodoaniline hydrochloride, no sulphonation was 
effected at low temperatures, and, on gently heating the mixture, 
iodine was copiously evolved; in the case of iodoacetanilide, when 
the conditions were such as to render sulphonation possible, a 
considerable amount of iodine was evolved, and the sulphonic acid 
obtained did not contain the halogen. 

It may be noted that similar results have been obtained with 
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iodophenolic compounds by Neumann (loc. cit.), his attempts to 
prepare an iodophenolsulphonic acid by direct sulphonation of the 
iodophenol having resulted, at the ordinary temperature, in the 
elimination of iodine, and, at low temperatures, in the formation 
of a di-iodo-derivative unaccompanied by any sulphonic acid. 

The action of sulphonating agents on p-di-iodobenzene was next 
studied, but with not much more satisfactory results. 

The di-iodobenzene was treated both with the calculated amount 
and with excess of concentrated sulphuric acid, with fuming acid 
of various strengths, and with sulphur trioxide at many different 
temperatures. At the ordinary temperature, no action took place 
with either concentrated or fuming acid; at the temperature of 
the water-bath, fuming acid caused the formation of tri- and tetra- 
iodobenzene and a trace of asulphonic acid. The vapour of sulphur 
trioxide, when passed over dry and slightly warm di-iodobenzene, 
caused the formation of small quantities of the higher iodo- 
derivatives of benzene, but when the experiment was carried out 
at higher temperatures, the proportion of unchanged material 
became much less, and a small amount of a crystalline di-iodo- 
benzenesulphonic acid was isolated. 

The yield, however, was so extremely poor, being, under the 
most favourable conditions, less than 10 per cent., and becoming 
much less when large quantities were dealt with, that the method, 
as a means of preparing a large amount of the acid, was seen to be 
hopeless, and was abandoned. 

The possibility of introducing iodine into substances already 
containing a sulphonic group was next considered. A patent by 
Kalle and Co. (D.R.-P. 129808), describing the preparation of iodo- 
substituted derivatives of aniline-m- and -p-sulphonic acids, indicated 
that success in that direction had already been achieved. A brief 
description of the preparation of the iodo-derivatives of these acids 
is given in the patent, but, as far as can be gathered from a study 
of subsequent literature, they have not been investigated with a 
view to the determination of their structure; and others, prepared 
by myself, which form the starting point for the preparation of 
several iodobenzenesulphonic acids described in this paper, are not 
mentioned. 

Of these sulphonic acids, 3: 4-di-iodobenzenesulphonic acid, 
prepared from the monoiodoaniline-p-sulphonic acid described by 
Kalle and Co., which is readily obtained in large amount, was first 
studied ; the preparation of 2: 5-di-iodobenzenesulphonic acid, which 
involves the production of aniline-o-sulphonic acid, and is a more 
lengthy operation, was undertaken later. 
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Of the six theoretically possible di-iodobenzenesulphonic acids, 
the following four: 


SO0,H SO,H SO,H SO,H 
Yr FF Oo 0 
; I, \ a Oa 


and, of the six theoretically possible tri-iodobenzenesulphonic acids, 
the following three: 


SO,H SO,H SO,H 
Ce GF 
KA x J . / 


have been prepared and examined by the author. 

Only two of these acids, namely, 2: 5- and 3: 4-di-iodobenzene- 
sulphonic acids, have been thoroughly investigated with regard to 
the properties of the acids, their derivatives and salts; derivatives 
and salts of the other acids have been prepared, but have not as 
yet been studied. 

Indirectly, during the course of the work, several iodoaniline- 
sulphonic acids, isomeric with that described by Kalle and Co., 
and some iodonitrobenzenesulphonic acids in the form of their 
potassium salts, have been prepared but not subjected to 
examination. 

It is stated in the specification of the patent referred to that 
mono- and di-iodoaniline-p-sulphonic acids are produced from aniline- 
p-sulphonic acid by the action of one and two molecular proportions 
of iodine monochloride respectively, and that a di-iodoaniline- 
m-sulphonic acid is formed under very similar conditions. On 
carrying out experiments with aniline-m-sulphonic acid under the 
conditions described by Kalle and Co., the statement that a di-iodo- 
acid is produced was confirmed, but it was found that under 
carefully regulated conditions a monoiodoaniline-m-sulphonic acid 
may also be prepared, and, as the constitution of this acid is readily 
determined, its formation is of service in the elucidation of the 
constitution of the more highly iodinated product. Judging from 
the results obtained with aniline-m- and -p-sulphonic acids, it was 
to be expected that aniline-o-sulphonic acid should also give rise 
to iodo-substituted derivatives; experiments in this direction have 
been attended with marked success, well-defined crystalline mono- 
iodo- and di-iodo-aniline-o-sulphonic acids having been obtained. 

The constitutions of these six iodoanilinesulphonic acids are, in 
most cases, quite clear, and rigid proofs of structure have been 
obtained in the case of four of them. 

Monoiodoaniline-p-sulphonic Acid.—In the case of monoiodo- 


BOYLE: THE IODOBENZENEMONOSULPHONIC ACIDS. PARTI. 1687 


aniline-p-sulphonic acid, the formation of m-iodobenzenesulphonic 
acid (identified in the form of its amide) on the removal of the 
amino-group by the diazo-method, is proof that the iodine atom 
occupies the ortho-position with respect to the amino-group; con- 
sequently, the di-iodo-acid, obtained by directly displacing the 
amino-group by iodine, is 3: 4-di-iodobenzenesulphonic acid. 
Monoiodoaniline-m-sulphonic Acid.—As this acid is convertible 
into a di-iodosulphonic acid identical with that obtained from 
monoiodoaniline-p-sulphonic acid, the ortho-position with respect to 
the amino- and the para-position with respect to the sulphonic 
group must be occupied by iodine, as 6-iodoaniline-m-sulphonic acid 
is alone capable of giving rise to 3: 4-di-iodobenzenesulphonic acid. 
Recent work by Brenans (Compt. rend., 1904, 138, 1503; 189, 63) 
and by Kérner and Contardi (Atti R. Accad. Lincei., 1908, [v]; 
17, i, 465) on the iodination and bromination of m-nitroaniline is 
of interest in connexion with the iodination of aniline-m-sulphonic 
acid, inasmuch as it admits of a comparison being made between 
the influences exerted by the negative nitro- and sulphonic groups 
on the position assumed by the entering halogen atom. Brenans 
states that the action of iodine chloride on m-nitroaniline dissolved 
in acetic acid results in the production of 6-iodo-3-nitroaniline, 
2: 4-di-iodo-3-nitroaniline, and 2: 6-di-iodo-3-nitroaniline. . 
That is to say, the first atom of iodine assumes the same position 
relatively to the amino- and nitro-groups as it does in aniline- 
m-sulphonic acid with respect to the amino- and sulphonic groups, 


thus: 
H 1 
< NH, and ¢ NE, 
S0,H 


NO, 


but the second atom of iodine seems (according to Brenans) to be 
as readily introduced into the second ortho-position as it is into 
that para- with respect to the amino-group; I find, however, in the 
case of aniline-m-sulphonic acid, that the second atom of iodine, as 
will be shown later, enters only into the para-position. 

The results of Kérner and Contardi’s observations on the 
bromination of m-nitroaniline dissolved in acetic acid are not in 
harmony with the above, bromine entering into the para-position 
by preference, and only to a small extent into the ortho-position 
with respect to the amino-group, which is that assumed in the first 
instance by iodine, thus: 


Br 
Br’ “ NH 
r NH, and fee 3 
NO, 


O, 


1688 BOYLE: THE IODOBENZENEMONOSULPHONIC ACIDS. PART I. 


It is further stated that, if the para-position is occupied, the 
bromine atom enters either ortho-position indifferently, thus: 


Br 
RK NH, and R SNH). 
NO, NO, Br 

In the case of aniline-m-sulphonic acid, only one di-iodo- 
derivative has been isolated, and it has not yet been found possible 
to displace the hydrogen in the position between the amino- and 
sulphonic groups by the halogen, so that there is an essential 
difference between the nitro- and sulphonic groups as regards their 
directive influence, the latter in conjunction with the amino-group 
forming, as it were, a screen which prevents all interaction with 
the enclosed hydrogen atom. The impregnability of this second 
ortho-position was clearly manifested in an experiment with p-nitro- 
aniline-m-sulphonic acid, a solution of which, in very dilute hydro- 
chloric acid, was treated with a considerable excess of iodine 
chloride. It was thought that, as the para-position was occupied, 
the second atom of iodine would enter the second ortho-position, 
but under no conditions could a di-iodo-derivative of any kind be 
obtained, the monoiodo-compound of the following constitution 
being alone produced : 


The failure to introduce iodine into this position and the non- 
formation of a tri-iodoaniline-m-sulphonic dcid is the more remark- 
able in that a tribromoaniline-m-sulphonic acid has been obtained 
by Berndsen (Annalen, 1874, 174, 84) and by Reinke (Annalen, 
1877, 186, 286) by the action of bromine on aniline-m-sulphonic 
acid. This failure may be due to the very sparing solubility of the 
di-iodo-acid, which is rapidly removed from the further action of 
the iodine chloride, but such a suggestion will not serve to explain 
the results obtained with p-nitroaniline-m-sulphonic acid which 
remained in solution throughout. 

Monotodoaniline-o-sulphonic Acid.—The action of iodine chloride 
on a solution of aniline-o-sulphonic acid gives an excellent yield of 
the monoiodo-derivative. Further action under specially regulated 
conditions which are discussed in the experimental part of this 
paper, gives rise to a di-iodo-derivative; under no conditions, as 
was to be expected, can a third iodine atom be introduced into 


the nucleus, 
The monoiodoaniline-o-sulphonic acid is the pure para-compound, 
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free from any admixture of the ortho-isomeride; if produced at all, 
the latter must be present in such small amount as to escape 
detection ; the second iodine atom enters the free ortho-position. 
That the iodine atoms occupy the positions stated has been clearly 
demonstrated. As it was clear that the iodine atom in the mono- 
iodo-derivative was in either the para- or the ortho-position with 
respect to the amino-group, the displacement of the latter by 
hydrogen, leading, as it would, to m-iodobenzenesulphonic acid 
in both cases, could give no definite information as to the con- 
stitution of the acid. The amino-group was therefore displaced by 
iodine, and attempts were made to remove the sulphonic group and 
obtain a di-iodobenzene. These attempts, as might be expected, 
proved unsuccessful. The acid proved to be perfectly stable when 
heated in superheated steam ; and when a mixture of the potassium 
salt with sulphuric acid was heated in the same way, although 
the sulphonic group was removed, the product became further 
iodinated in the presence of the sulphuric acid; tri- and tetra- 
iodobenzenes were isolated, but no trace of a di-iodobenzene could 
be detected. 

Finally, the relative positions of the amino-group and the iodine 
atom in monoiodoaniline-o-sulphonic acid were demonstrated by the 
preparation of the latter from p-nitroaniline-m-sulphonic acid : 


NO <_ NE, snip ~ < _ “ar 
SO,H Ho H 


The constitution of the di-iodobenzenesulphonic acid prepared 
directly from this acid is therefore definitely settled : 


SO,H SO,H 
Di-iodoaniline-o- and -p-sulphonic A cids.—Although the monoiodo- 
derivatives of aniline-o- and -p-sulphonic acids may theoretically each 
give rise to three isomeric di-iodo-derivatives, taking into account 
the well-known fact that halogens always act on amino-compounds 
in such a manner that the halogen enters into either the ortho- or 
the para-position, the only two derivatives to be considered are the 


following : 


I I 
K NH, S0,H¢ NH 
“§ Zz 
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On displacement of the amino-group by hydrogen, these two acids 
should yield one and the same di-iodosulphonic acid; this was 
found actually to be the case: 


I I I 
_ i a a 
IX NH, —> K » <- 80,H¢ NH, 
S0,H S0,H 


The two tri-iodo-acids prepared directly from these amino-acids 
must be therefore 2: 3: 5-tri-iodobenzenesulphonic acid and 3: 4: 5- 
tri-iodobenzenesulphonic acid respectively : 


SO,H SO,H SO,H SO,H 
a. aes. JN IN 
af 2s - om J Le fb. 
as 7 a 
I 


It was thought that independent confirmation of the position of 
the iodine atoms in the two di-iodoamino-acids would be afforded if 
the series of changes could be effected which is indicated in the 
two following schemes, the first having in view the determination 
of the position ee 9 by the a iodine atom: 


* I I 
A YN) Fs, 
1 ( NO, m1) NO, NO, 1 NNH,_.1/ 
7 \Z 
So,H ‘NO, H 80,H 80,H 80,H 


the relative positions of the iodine atoms in the last acid being 
known ; and the second, the proof of the constitution of 2: 6-di-iodo- 
aniline-p- —<—-" ng : 


Fe A 
di yO ( NH, 
ae: 
$0,H \o,n ws 
: ¢ 
oe NH y, 
Ps I I ie S0,H 
ij~—~ 7] ] 
Th rd 
S0,H $0,H 


If the tri-iodo-acid finally obtained, the constitution of which 
is definitely settled by the method of its production, is identical 
with the one obtained from di-iodoaniline-p-sulphonic acid, the 
constitution of the latter is also clear. An unexpected difficulty, 
however, arose in attempting to carry out the experiment. The 
nitroaniline-p-sulphonic acid readily absorbed iodine under the usual 
conditions, but when this iodo-derivative was diazotised and treated 
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with potassium iodide, a crystalline potassium salt was obtained, 
which proved to be a salt, not of the expected di-iodonitrosulphonic 
acid, but of the tri-iodobenzenesulphonic acid of the second scheme, 
the nitro-group having been displaced by an iodine atom. 

A similar displacement of a nitro-group by iodine was not 
observed in the case of the isomeric 4-nitroaniline-m-sulphonic acid, 
which exhibited normal behaviour throughout, so that it seems 
that the proximity to the nitro-group of the amino-group which is 
subjected to the action of nitrous acid, is an important factor in 
determining the nature of the interaction. 

As regards the problem under consideration, although, owing 
to the abnormal character of the change, the result scarcely affords 
decisive proof, the formation of the tri-iodosulphonic acid from a 
monoiodo-derivative, in which the iodine is undoubtedly in the 
ortho-position with respect to the amino-, and in the meta-position 
with respect to each of two negative groups, is convincing evidence 
of the constitution of the acid. 

Di-iodoaniline-m-sulphonic Acid.—That this acid is the 4: 6-di- 
iodo-acid, and that the tri-iodo-acid formed from it is the 
2: 4: 5-tri-iodo-acid, is quite clear from the following considerations. 

1. The removal of the amino-group from _ di-iodoaniline- 
m-sulphonic acid involves the production of a di-iodobenzene- 
sulphonic acid which, from other modes of preparation, must be 
regarded as 2: 4-di-iodobenzenesulphonic acid. Two possible con- 
figurations of the amino-acid could give rise to this substance, 
namely : 


1/1 —> If™ 
\_ 80,8 \ Ore 


This di-iodo-acid can be prepared from 5-nitroaniline-o-sulphonic 
acid in such a way as to establish its constitution by the following 
series of changes: 


NO, SNH, _, NO,/ : = 
S0,H S0,H 
™, bd 
a oo xe > | jou 
TF se a ais 


One iodine atom in di-iodoaniline-m-sulphonic acid therefore 
occupies the para-, the second the ortho-position, with respect to the 
sulphonic group. 

2. If 4-nitroaniline-m-sulphonic acid is treated with iodine 
chloride, it yields a monoiodo-derivative, from which a tri-iodo-acid 
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may be obtained by carrying out the changes expressed in the 
following scheme: 


NH, NH, I 
(\ —_ i oe I oo 
\ Ao \ Aout \ Ao 

NO, NO, NO, 

I I 

eS a 
Soe \ St 
NH, I 


In this manner, the same tri-iodosulphonic acid is obtained as 
may be produced directly from di-iodoaniline-m-sulphonic acid. 
The constitution of the original nitroamino-acid requires that the 
tri-iodo-acid finally obtained shall possess two iodine atoms in para- 
positions with respect to each other. 

Since, therefore, one iodine atom must be in the para-position 
with respect to the sulphonic group and two others in para-positions 
with respect to each other, the constitution of the tri-iodo-acid is 
settled beyond question as being 2: 4: 5-tri-iodobenzenesulphonic 
acid. 

The following table shows at a glance how the seven acids under 
discussion may be obtained from the anilinesulphonic acids: 


° S0.H 
( 80s Nl 
O) vy, rr 
80,H 
4” a \ a” 
Pa, ae ss Nie an ; Ais 
I iI |; oa SO,H |; CO 
wy, \? Y O Ar _ 
$0,H $0,H : i 
| es, @ \ i” 
I I 
0 


I 
1 IN iC} \so,H (yo i’ O 
| | . | | 
\/ Ul \ ? Ya Ae 
Xo,H o,H o,H i i 


The Ps sittin are all extremely soluble in water, 
much less so in mineral acids; they all crystallise well from mineral 
acid solutions; the 2: 5-di-iodo- and the 2: 4: 5-tri-iodo-benzene- 
sulphonic acids crystallise extremely well from water alone. 

The chlorides crystallise in well-defined forms; the amides*are 
white powders insoluble even in hot water, but, in the case of the 
tri-iodo-compounds, crystallise well from alcohol; the two anilides 
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which have been prepared can also be crystallised from alcohol. 
The acids are characterised by forming beautifully crystalline salts 
and esters. 

The diazo-anhydrides of the iodoaminosulphonic acids considered 
in this paper are all coloured, the colour varying from the palest 
yellow, almost cream colour, in the case of p-iodoaniline-o-sulphonic 
acid, to bright yellow in the case of all the di-iodoamino-acids. They 
are only sparingly soluble in sulphuric acid, and are comparatively 
stable in the dry state. 


Melting Points of the Acids and of their Derivatives. 


Benzene- Anhydrous Ethyl 
sulphonic acids. acid. Chloride. Amide. ester. Anilide. . 

3:4-Di-iodo ...... 122—125° 82° 227° 81° — 

2:5-Di-iodo ...... 132° 131—132° 211—230° 112°5° —_— 

3:5-Di-iodo ...... 146 92°5 210—218 _ _— 

2:4-Di-iodo ...... 167 78 230 -— -- 
3:4:5-Tri-iodo .. 211 145 = above 250 — 201° 
2:4:5-Tri-iodo .. 230 135 » 288 155 194—196 
2:3:5-Tri-iodo .. 210—215 122° ,, 280 110 _ 

EXPERIMENTAL. 


3: 4-Di-todobenzenesulphonic Acid. 


The material used for preparing this acid is the monoiodoaniline- 
p-sulphonic acid described by Kalle and Co. (loc. cit.). 17°35 Grams 
of aniline-p-sulphonic acid are dissolved in about 2 litres of hot 
water, the solution cooled and mixed with 30 c.c. of concentrated 
hydrochloric acid; after cooling the mixture to about 10°, a 
molecular proportion of iodine chloride (16°3 grams) is drawn into it, 
the flask containing the chloride being heated on a water-bath 
kept at 70—80°, and the exit tube from the flask containing the 
acid solution being attached to the pump. 

The dark brown mixture was kept for twelve hours, and 
then evaporated to crystallisation; the long, white needles which 
separated were purified by crystallisation from water. The yield 
of monoiodoaniline-p-sulphonic acid approximated to 50 per cent. 
of the theoretical: 

Found, C= 23°84; H=1°92; N=4°71; I=42°54. 

C,H,O,NIS requires C=24:08; H=2°00; N=4'68; 
I=42°47 per cent. 

Constitution of Monotodoaniline-p-sulphonic Acid.—Although 
there could be little doubt that the iodine occupied the position 
ortho- with respect to the amino-, and meta- with respect to the 
sulphonic group, in order completely to verify the point, the amino- 
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group was displaced by hydrogen and the resulting m-iodobenzene- 
sulphonic acid was converted into its amide and identified. 

The displacement of the amino-group by hydrogen was effected 
by boiling the diazo-anhydride (Found, N=9:14. C,H,0,N,IS 
requires N=9-03 per cent.) with methylated spirit or with 95 per 
cent. alcohol under a pressure slightly above the ordinary. Under 
the atmospheric pressure, using absolute alcohol, the amino-group 
was also partly displaced by the ethoxy-group. The flask containing 
the mixture was attached to a reflux condenser, and a tube bent 
twice at right angles was inserted through the tightly-fitting cork 
closing the top of the condenser; the whole length of the further 
limb of this tube, about 400 mm. long, was immersed in mercury 
(compare Schmitt, Annalen, 1861, 120, 152; Ador and Meyer, 
ibid., 1871, 159, 10). After some time, a vigorous evolution of 
gas occurred and the diazo-compound passed into solution, a deep 
red colour being developed. On evaporating the liquid on the 
water-bath, a dark red, pasty mass remained; on diluting this 
slightly, and pouring it into a saturated solution of common salt, 
a copious, brownish-yellow precipitate of sodiwm todobenzene- 
m-sulphonate was obtained. This salt was shaken with animal 
charcoal, and a portion further purified and freed from all traces 
of chloride by dissolving it in absolute alcohol : 

Found, C= 23°93 ; I=41°31. 

C,H,O,ISNa requires C= 23°53; I=41'50 per cent. 

The purified salt was then treated with the requisite amount of 
phosphorus pentachloride, the liquid mixture heated for some time 
on the water-bath, and then added to concentrated ammonia. On 
gently warming, a voluminous, white precipitate was obtained, 
which, after crystallisation from water, separated in needles melting 
at 150—151°. The recorded melting point of iodobenzene- 
m-sulphonamide is 151—152°. The original amino-acid was thus 
proved to be o-iodoaniline-p-sulphonic acid. 

To prepare 3: 4-di-iodobenzenesulphonic acid, a solution of 20 
grams of o-iodoaniline-p-sulphonic acid was rendered faintly 
alkaline with sodium carbonate, and mixed with 4°7 grams of 
sodium nitrite; the mixture was then poured gradually into 300 c.c. 
of dilute sulphuric acid cooled to 2°. 

After about three hours, 15 grams of potassium iodide were 
added, and the mixture heated on the water-bath until all the 
nitrogen was evolved, and a clear red solution was obtained. Prac- 
tically no evolution of gas took place below 15°; at that point 
vigorous effervescence began, the diazo-compound passing rapidly 
into solution. 

In many experiments, when crude iodoaniline-p-sulphonic acid 
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was employed, and a slight excess of iodine chloride had been used 
in its preparation, fine, sparkling crystals made their appearance 
at this stage even in the hot solution ; these, on examination, proved 
to be potassium 3: 4: 5-tri-iodobenzenesulphonate, a salt which is 
almost insoluble in water and is readily formed from di-iodo- 
aniline-p-sulphonic acid by displacement of the amino-group by 
iodine. 

This acid and its derivatives are described on p. 1711. 

When pure recrystallised iodoaniline-p-sulphonic acid was used, 
no crystals separated until the red solution had been considerably 
concentrated ; on cooling, a mass of glistening, pale yellow crystals 
separated, which became colourless on recrystallisation, crystallising 
from water in small needles and from alcohol in shining scales. 
Concentration of the mother liquor yielded a further crop of the 
same crystals, which proved to be potassium 3: 4-di-iodobenzene- 
sulphonate. The yield of potassium salt was in some cases 70 
per cent. of the theoretical : 

Anhydrous salt: Found, I=56°39; K=8:58. 

C,H,0,I,8SK requires I1=56'69; K=8'70 per cent. 

Hydrated salt: Found, C=15°55; H=1°01. 

C,H;0,I,SK,H,O requires C=15°45; H=1°07 per cent. 

3: 4-Di-iodobenzenesulphonic acid was prepared from the 
potassium salt by converting the latter into the barium salt, and 
decomposing this with excess of dilute sulphuric acid; the acid 
solution was evaporated on the water-bath until, on cooling, masses 
of shining flakes separated. These were collected, dissolved in a 
little water, and precipitated with concentrated hydrochloric acid. 
The white crystals obtained were washed free from sulphuric acid 
with concentrated hydrochloric acid, dried on a porous plate, and 
freed from hydrochloric acid in a desiccator containing potassium 
hydroxide. 

3: 4-Ditodobenzenesul phonic acid is a white, crystalline substance, 
extremely soluble in water, but is precipitated from the aqueous 
solution by acids. It does not crystallise well from water, attempts 
to purify it in this way giving a paste which filters extremely slowly, 
and, when pressed on a porous plate and left in the desiccator, dries 
to a hard cake. The dry acid is soluble in ether, and, when 
recovered from ether or when precipitated from a solution by 
hydrochloric acid, is extremely deliquescent. The crystals obtained 
from water, when dried in the air on a porous plate, melt irregularly 
from 80° onwards; when dried at 100° they melt at 122—125°; if 
the dried acid is once more exposed to moist air for a short time, 
the melting point is rapidly lowered to 80°. 

There is no doubt, therefore, that the acid contains water of 


1696 BOYLE: THE IODOBENZENEMONOSULPHONIC ACIDS. PART I. 


crystallisation ; the actual number of molecules has not yet been 
determined, owing to the difficulty of obtaining it in a sufficiently 
defined crystalline form. 

Analysis of a specimen dried on porous plate in the desiccator 
seems to point to one molecule of water of crystallisation, but as 
there is every probability that partial dehydration had occurred, 
the point must be left undecided for the present: 

Found, C=16°69 ; I=58°75. 

C,H,031,8,H,O requires C=16°82; I=59°34 per cent. 

Salts of 3: 4-Di-todobenzenesulphonic Acid.—The salts of this 
acid crystallise well from water. Many have been prepared, but 
of these only the sodium, barium, and lead salts have been 
thoroughly investigated with regard to their solubility and water 
of crystallisation ; it is proposed to study the others similarly, and 
to communicate the results in a later paper. 

Sodium 3: 4-Di-iodobenzenesulphonate.—This salt was prepared 
from the pure acid by neutralisation with sodium hydroxide and 
recrystallisation from water. It crystallises in beautiful, white, 
glistening plates. For the determination of the water of crystal- 
lisation, the pure air-dried salt was heated to 160°: 


Hydrated salt: Found, Na=5°05; H,O=3°95. 

C,H;0;I1,8Na,H,O requires Na=5'11; H,O=4:00 per cent. 

Anhydrous salt: Found, C=16°82; H=0°93; I=59°28; Na=5'18. 

C,H,0;I,SNa requires C=16°66; H=0°69; I=5879; 
Na=5'32 per cent. 

Solubility.—One hundred grams of water dissolve 3°47 grams of 
the anhydrous salt at 22°5°. 

Barium 3: 4-Di-iodobenzenesulphonate.—The barium salt was 
prepared from the pure acid by neutralisation with barium car- 
bonate, and also by precipitation from the ammonium salt. . 

It crystallises in very small, white needles containing one 
molecule of water of crystallisation. For the determination of the 
water, about 1 gram of material was heated during several hours 
at 125°, two hours at 135°, and finally three hours at 140°; heating 
at 155° during another hour caused no further decrease in weight, 
but, on raising the temperature to 210°, decomposition, accom- 
panied by darkening and considerable loss in weight, occurred : 

Found, I=52°44; Ba=13'58; H,O=1°68. 

C,.H,O,1,8,.Ba,H,O requires I=52°20; Ba=13°65; 
H,O = 1°84 per cent. 

Solubility.—One hundred grams of water dissolve 0°27 gram of 
the anhydrous salt at 21°5°. 

Lead 3: 4-Di-iodobenzenesulphonate.—The lead salt separates 
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from water in very fine, white needles containing two molecules of 
water of crystallisation. The water was determined at two different 
temperatures, 170° and 250°, but identical results were obtained 
in the two cases: 

Found, C=13'72; H=0°85; H,O=3°38. 

C,,H,0,1,8,Pb,2H,0 requires C= 13:57; H = 0°94 ; H,O= 3:50 per cent. 

Ammonium Salt.—This salt is extremely soluble in water, and 
it was not possible to obtain it in a crystalline condition. 

Silver Salt—This was obtained by precipitation from the 
ammonium salt; it crystallises from water in transparent needles, 
and darkens on exposure to light. 

The nickel, cobalt, manganese, cerium and copper salts have all 
been prepared in small amount by precipitation from a fairly 
concentrated solution of the ammonium salt ; they may be described 
roughly as follows. 

Nickel salt: beautiful, long, green plates; cobalt salt: long, flat, 
pink crystals; manganese salt: small, white, sparkling crystals; 
cerium salt: thick, white nodules; copper salt: small, blue plates. 

3: 4-Ditodobenzenesulphonyl Chlioride—The chloride was pre- 
pared in some cases from the dry potassium salt, in others from 
the pure anhydrous acid by the action of phosphorus pentachloride. 
The potassium salt (5°3 grams) and phosphorus pentachloride (2°8 
grams) were mixed, and heated on a water-bath during one hour. 
After cooling, water was added gradually, and, after one hour, the 
chloride was isolated by extraction with ether. Small, transparent 
needles, in many cases white nodules, separated, which, when 
recrystallised from ether, or, better, from a mixture of equal parts 
of benzene and light petroleum, separated in very long, transparent 
needles, melting at 82°, which, however, became white and opaque 
when left in the desiccator over sulphuric acid: 

Found, C=17:11; H=0°83. 

C,H;0,ClI,8 requires C=16°80; H=0°74 per cent. 

3: 4-Di-iodobenzenesulphonanude.—The amide was prepared from 
the crude chloride by adding it gradually to excess of cooled, con- 
centrated ammonia, a white mass being at once precipitated. This 
was collected and well washed with cold water. It is insoluble in 
cold, and only sparingly soluble in hot, water, but is readily soluble 
in alcohol, from which, however, no separation of crystals takes 
place. For purification, it was either dissolved in 95 per cent. 
alcohol, and a few drops of water added to the warm solution until 
a turbidity was produced, or boiled repeatedly with water. It is 
a fine, white powder, which burns with a luminous, smoky flame, 
giving off iodine, and evolves alkaline fumes when heated with 
sodium hydroxide. Its melting point is 227°: 

VOL, XCV, dT 
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Found, C=17'56; H=1:28; I=62°13. 
C,H;O,NI,S requires C=17°60; H=1:22; I=62°10 per cent. 
Ethyl 3: 4-Diodobenzenesulphonate.—This was prepared by 
warming the sulphonyl chloride with twice its volume of absolute 
alcohol in the presence of excess of sodium hydroxide. On cooling, 
the mass was extracted with ether, and the ethereal solution, on 
evaporation, left, white needles, melting at 81°. 


2: 5-Di-iodobenzenesulphonic Acid. 


To obtain this acid, aniline-o-sulphonic acid was prepared by 
sulphonating p-bromoacetanilide with concentrated sulphuric acid 
(Kreis, Annalen, 1895, 286, 377), and then removing the bromine 
by means of zinc dust and sodium hydroxide. It may be mentioned, 
however, that six hours’ boiling with these agents, the time pre- 
scribed, was in all cases totally insufficient to reduce the bromo- 
compound. 

As the strongly alkaline liquid was found to attack Jena flasks, 
a large open porcelain dish was used and the water renewed at 
intervals, boiling being continued during ten to eleven hours. 
Excellent yields of the acid in the form of grey, rhombic crystals 
were obtained in this way. 

Action of Iodine Chloride on Aniline-o-sulphonic Acid.—The 
iodine chloride was passed into the solution of the acid under 
conditions very similar to those adopted in the corresponding 
experiments with aniline-p-sulphonic acid. It is essential to use a 
dilute solution of the acid in preparing the pure iodo-compound. 

17°3 Grams of aniline-o-sulphonic acid were dissolved in about 
1°75 litres of warm water. After cooling, 30 c.c. of concentrated 
hydrochloric acid were added, the solution cooled to 10°, and 16°3 
grams of iodine chloride drawn through as in earlier experiments. 
From the reddish-violet solution, silky, grey crystals slowly 
separated; by the end of the experiment, a semi-solid mass was 
obtained. 

After several hours, the crystals were collected and well washed 
with water. On concentrating the mother liquor, more crystals 
were obtained, but accompanied by beautiful, long, violet 
needles, which were very heavy, and could be separated to some 
extent mechanically from the grey plates; they consisted of di-iodo- 
aniline-o-sulphonic acid, a product which accompanies the mono- 
iodo-compound to a very slight extent under every condition so far 
tried. 

In one experiment, when 4 grams in excess of the theoretical 
quantity of iodine chloride had been passed into the solution of the 
amino-acid, about 1°5 grams of these purple needles were extracted 
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in a fairly pure condition from the final mother liquor; analysis 
pointed to a slight admixture of the monoiodo-derivative: 

Found, C=17°67; H=1°41; I=59°09. 

C,H;0;NI,S requires C=16°94; H=1°17; 1=59°76 per cent. 

Iodoaniline-o-sulphonic acid crystallises in shining plates from 
much hot water; it is almost insoluble in cold water. It is note- 
worthy that the colour of the crystals varies in a rather arbitrary 
way, being sometimes buff, often very pale violet, but usually of a 
dull grey colour; it has not been found possible to determine what 
conditions favour the production of any particular coloured variety, 
but there is no doubt of the identity of the differently coloured 
substances : 

Found, C=24°35; H=2°08; I=42°41. 

C,H,O,NIS requires C=24°08; H=2°00; I=42°47 per cent. 

The yield of pure iodoaniline-o-sulphonic acid amounted to 91 per 
cent. of the theoretical. 

Constitution of Iodoaniline-o-sulphonic A cid.—It was pointed out 
in the theoretical part of this paper that attempts to remove the 
sulphonic group from the di-iodo-acid obtained from the iodoamino- 
acid by displacement of the amino-group by iodine were all unsuc- 
cessful, and that the relative positions of the iodo- and amino- 
or of the two iodo-groups were finally demonstrated by the 
preparation of the substance under investigation from a nitroamino- 
compound containing these two groups in the para-positions with 
respect to each other. 

The attempts to remove the sulphonic group consisted in 
distilling either the dry acid or a mixture of its potassium salt 
with sulphuric acid in superheated steam; a third method con- 
sisting in heating a mixture of the acid with concentrated hydriodic 
acid in sealed tubes to 170°. In the first experiment, the unchanged 
acid was recovered intact; in the second, iodine was evolved, and 
tri- and tetra-iodobenzenes were separated from the distillate; in 
the third, very little action took place, the white solid, which 
separated from water and melted irregularly from 80° to 130°, 
being produced in too small quantities for accurate investigation. 
(p-Di-iodobenzene melts at 129°.) 

The p-nitroaniline-m-sulphonic acid necessary for the deter- 
mination of the constitution of iodoaniline-o-sulphonic acid was 
prepared from aniline-m-sulphonic acid by Eger’s method (Ber., 
1888, 21, 2581), by acetylating the barium salt and nitrating the 
crude product with a mixture of nitric and sulphuric acids. A 
yield corresponding with 56 per cent. of the aniline-m-sulphonic acid 
was finally obtained. 

Conversion of p-Nitroaniline-m-sulphonic Acid into 5-Iodo- 
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2-nitrobenzenesulphonic Acid.—The amino-compound (1°8 grams) 
was dissolved in warm water, together with a little sodium car- 
bonate. The clear solution was poured into about 200 c.c. of dilute 
sulphuric acid, and the mixture cooled to 0°. One gram of sodium 
nitrite dissolved in water was then added gradually, when a yellow 
diazo-compound slowly separated. After the addition of a solution 
of 5 grams of potassium iodide, the mixture was warmed on the 
water-bath until the evolution of nitrogen was at an end. 

On cooling the concentrated solution, potassrwm 5-todo-2-nitro- 
benzenesulphonate separated in yellow plates. The yield was 
theoretical. The corresponding acid has so far been only very 
cursorily examined; its chloride and amide have been prepared, 
but no analyses have been made. 

Conversion of 5-lodo-2-nitrobenzenesulphonic Acid into p-Iodo- 
aniline-o-sulphonic Acid.—It was anticipated that difficulty would 
be experienced in reducing the nitro-group without at the same 
time displacing iodine from the nucleus; in point of fact, in many 
experiments, the two actions proceeded simultaneously, a mixture 
of the amino- and of the iodoamino-compounds being obtained. 
The method eventually used was that described by Claisen and 
Thompson (Ber., 1879, 12, 1946), which consists in reducing the 
barium salt of the acid with the requisite amount of ferrous 
sulphate in the presence of barium hydroxide. It was found, 
however, to be more convenient to use the potassium salt of the 
iodonitrosulphonic acid, and to reduce this by means of ferrous 
sulphate and potassium hydroxide. The nitro-group was reduced 
almost quantitatively, the iodine being unaffected. Curiously 
enough, in one experiment, when the barium salt was digested with 
ferrous sulphate and barium hydroxide, not only was the nitro- 
group reduced, but the iodine was also displaced. 

Five grams of the potassium salt were dissolved in hot water, 
and the solution was mixed with 22 grams of crystallised ferrous 
sulphate dissolved in about 250 c.c. of water; the mixture was then 
heated on the water-bath, and a solution of 8°9 grams of potassium 
hydroxide was added. The black precipitate, which first formed, 
was gradually oxidised to the red hydrated ferric oxide; after two 
hours’ heating on the water-bath and a few minutes over an 
ordinary flame, reduction was complete. Concentrated hydrochloric 
acid precipitated from the filtered solution a mass of grey 
crystals of p-iodoaniline-o-sulphonic acid. This acid was identified 
with that obtained by the action of iodine chloride on aniline- 
o-sulphonic acid by displacing the amino-group in both acids by 
iodine, and comparing the melting point of the p-di-iodosulphonic 
acid produced from the former, and also that of its chloride with 
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similar compounds formed from the latter acid. The melting points 
of the two acids were identical (130—131°), as were also those of 
the chlorides (131—132°), so that there is no doubt that when 
iodine chloride is passed into a solution of aniline-o-sulphonic acid, 
iodine enters into the para-position with respect to the amino- 


group: 
{ \NH —> IK _ NH, 


2: 5-Di-iodobenzenesulphonic acid was prepared in the usual way 
from p-iodoaniline-o-sulphonic acid by the diazo-process. Unlike 
the other iodoaminosulphonic acids, which yield bright yellow diazo- 
compounds, this acid gives rise to a greyish-white or purplish-white 
substance, differing very slightly in appearance from the original 
amino-compound. 

After adding potassium iodide, the reddish-yellow liquid was 
evaporated to crystallisation; on cooling, potassium 2: 5-di-iodo- 
benzenesulphonate separated in golden-yellow needles which 
became cream-coloured on recrystallisation. The yield of potassium 
salt amounted to 84 per cent. of the theoretical. Again, as in the 
case of iodoaniline-p-sulphonic acid, when excess of iodine chloride 
is passed into the ortho-acid and no care taken to purify the 
resulting iodoaminosulphonic acid, diazotisation involves the 
production of a mixture of the potassium salts of the di-iodo- and 
tri-iodo-sulphonic acids; it is not difficult to separate the two, the 
latter being practically insoluble in cold, and very sparingly soluble 
in hot, water. These potassium salts were recrystallised and dried 
at 110° for analysis: 

Potassium 2: 5-Di-todobenzenesulphonate : 

Found, C=16:07; H=0°67. 

C,H;03;I,SK requires C=16°07; H=0°67 per cent. 

Potassium Tri-todobenzenesulphonate: Found, C=12°48. 

C,H,O3I,;SK requires C = 12°54 per cent. 

When a solution of potassium 2: 5-di-iodobenzenesulphonate is 
mixed with lead acetate, silver nitrate, or barium chloride, thick, 
white precipitates of the lead, silver, and barium salts are respec- 
tively produced. The acid was prepared by boiling the barium salt 
with a slight excess of dilute sulphuric acid; on evaporation of 
the filtrate, radiating masses of the acid were obtained in theoretical 
yield. 

2:5 -Di-todobenzenesulphonic acid crystallises in the above way 
from water containing a little sulphuric acid; from water alone, it 
crystallises in colourless, transparent plates, which become white 

5 U 2 
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and opaque when left in the desiccator over sulphuric acid. Of 
the di-iodosulphonic acids prepared, this is the only one that 
separates from water in well-defined crystals. The crystals appear 
to contain water of crystallisation, for the air-dried substance 
begins to melt at about 80°, but the fusion is not complete until 
above 100°, whilst, when dried at 95—100°, the melting point is 
132°. Further, when dried for some days at 100°, or for a shorter 
time at 130°, the material melts approximately at 195°. It is 
clear, then, that the acid melting at 80° contains water of crystal- 
lisation ; that either this water is lost partly at 100° and completely 
at 130°, or that it is lost completely at 100°, and the high melting 
point of 195° is due to partial decomposition, or more probably to 
the formation of an anhydride. The correctness of the latter view 
has been manifested by the preparation of the anhydride, by 
treating the acid either with an excess of phosphorus pentachloride 
or with a mixture of this and phosphoryl chloride. It is a white 
substance, which melts irregularly at 235—245°. On exposure of 
the anhydrous acid to air, hydration rapidly occurs, with a con- 
sequent lowering of the melting point to 80°. On analysis: 

Air-dried material, melting at 80°: 

Found, C=15°53; H=2°36; H,O=11°88. 

C,H,0,1,8,3H,O requires C= 15°51; H=2°15; H,O=11°63 per cent. 

Acid dried in desiccator over sulphuric acid: 

Found, C=17°03; H=1°84. 

Acid melting at 132°: Found, C=17'25; H=1°40. 

Acid heated during several hours at 130°: 

Found, C=17°'76; H=1°02. 

C,H,0;1,8 requires C=17'56; H=0°87 per cent. 

The water of crystallisation was determined (1) by noting the 
loss in weight after application of heat; (2) by neutralising the acid 
with standard sodium hydroxide. 

2: 5-Di-iodobenzenesulphonic acid dissolves very readily in water, 
moderately in ether, and is almost insoluble in mineral acids. Its 
salts all crystallise well. 

Sodium 2: 5-di-iodobenzenesulphonate crystallises from water in 
cream-coloured plates, which are anhydrous: 


Found, Na=5:21. 
C,H;0,1,SNa requires Na=5°32 per cent. 
Solubility—One hundred grams of water dissolve 6°82 grams of 
the salt at 22°5°. 
Lead 2: 5-ditodobenzenesulphonate crystallises in clusters of 
white, feathery needles. No absolutely satisfactory determinations 
of the water of crystallisation have been made; heating at 147° 
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during two hours caused a loss in weight corresponding with four 
molecules, but on heating to 200°, further loss, which may possibly 
be due to slight decomposition, occurred : 

Found, H,O = 6°58. 

C,.H,O0,1,8,Pb,4H,O requires H,O = 6°56 per cent. 

Soluwbility—One hundred grams of water dissolve 0°77 gram of 
the anhydrous salt at 20°. 

Ammonium 2: 5-di-todobenzenesulphonate is at once precipitated 
on the addition of ammonia to a solution of the acid; on recrystal- 
lisation, it separates in long, cream-coloured needles. A comparison 
of the ammonium salts of the 3: 4-di-iodo- and the 2: 5-di-iodo- 
sulphonic acids shows that the two differ enormously in solubility, 
the former being so soluble that it is impossible to isolate any 
crystals from the aqueous solution, the latter being even less soluble 
than the sodium salt. 

Solubility.—One hundred grams of water at 20° dissolve 4°35 
grams of the salt. 

Barium 2: 5-di-todobenzenesulphonate crystallises from much 
water in long, transparent needles, containing 44 molecules of water 
of crystallisation. The salt may be dehydrated by heating to 170°: 

Found, Ba=13'20; H,O=7°69. 

C,,H,O,1,8,Ba,44H,O requires Ba=13°22; H,O=7°81 per cent. 

Solubility.—One hundred grams of water at 20° dissolve 0°522 
gram of the anhydrous salt. 

Potassium 2: 5-di-todobenzenesulphonate crystallises in long, 
colourless needles, containing one molecule of water of crystal- 
lisation : 

Found, C=15°36; H=1°36; K=827; H,O=3°99. 
C,H,0,I,SK,H,O0 requires C=15°45; H=1:12; K=8'36; 
H,O =3°86 per cent. 

The silver salt is only sparingly soluble in water, crystallising in 
fine, woolly needles; the copper salt crystallises in small, pale blue 
needles; the cobalt in small, pink, glistening plates; the nickel in 
pale green, sparkling plates; the manganese and the cerium in 
small, white plates. 

2: 5-Ditodobenzenesulphonyl Chloride.—The chloride, prepared 
from the potassium salt, and also from the anhydrous acid, separates 
from ether in white needles, melting at 131—132°: 

Found, C=17:00; H=0°81. 

C,H;0,ClI,S requires C=16°80; H=0°70 per cent. 

A mixture of the sulphony] chloride with the anhydride is obtained 
when excess of phosphorus pentachloride or a mixture of phosphorus 
pentachloride and phosphoryl chloride is used in its preparation ; 
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the anhydride being insoluble in ether, the separation of the two 
is easily effected. The anhydride is a white, amorphous powder, 
melting at 235—245°; it is stable in air, insoluble in cold water, 
partly soluble in hot water, giving an acid solution, and is hydrolysed 
on boiling vigorously with alkali; on boiling with absolute alcohol, 
an ester, melting at 113°, is obtained. 

2: 5-Di-iodobenzenesulphonamide.—This is prepared by boiling 
the chloride with ammonia; it is practically insoluble in hot or 
cold water, and soluble in alcohol, but it does not crystallise from 
this solvent, so that, in order to purify it for analysis, it was boiled 
repeatedly with water and dried, first on a porous plate, and then 
at 100°: 

Found, C=17'71; H=1°14. 

C,H,;O0,NI,S requires C=17'60; H=1°'22 per cent. 

Ethyl 2: 5-Di-todobenzenesulphonate.—This was prepared by the 
action of alcohol on the chloride in presence of sodium hydroxide, 
or by treating an ethereal solution of the chloride with sodium 
ethoxide in alcoholic solution; after the addition of water, the 
ester was extracted by ether, which, on evaporation, yielded colour- 
less needles, melting at 112°5°. 

2: 5-Di-odobenzenesulphonyl Chloride Dichloride.—-On passing a 
rapid stream of dry chlorine into a solution of the chloride in 
chloroform, a yellow colour is first developed, and after an interval 
yellow crystals begin to separate. These form stout, glistening, 
yellow needles, melting at 128—129°; they liberate iodine from 
potassium iodide. On comparing the behaviour of the dichlorides 
of o-, m-, and p-iodobenzenesulphonyl chloride, it is obvious that 
the ortho- is much less readily formed than the meta- and para- 
compounds; in the present instance, therefore, it may be assumed 
that it is the iodine in the meta-position relatively to the sulphonyl 
group that becomes tervalent. 

0°3872. Gram liberated iodine equivalent to 15°3 cc. of 
0°0997N-sodium thiosulphate : 


Found, Active chlorine = 13°70. 
C,H;0,Cl,I, requires Active chlorine=14°21 per cent. 


3: 5-Di-todobenzenesulphonic A cid. 


In order to obtain evidence as to the position occupied by the 
second iodine atom in di-iodoaniline-p-sulphonic acid, it was neces- 
sary to remove the amino-group, and to investigate the nature of 
the di-iodobenzenesulphonic acid so produced. This acid was found 
to differ from the two which have already been described, and to 
be 3: 5-di-iodobenzenesulphonie acid, 
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Both the methods generally used in removing the amino-group, 
namely, that of boiling the diazo-compound with alcohol, and that 
of oxidising the hydrazine derivative, have been applied satisfac- 
torily. 

Method I.—The amino-acid was diazotised in presence of very 
slight excess of dilute sulphuric acid, and the diazo-compound, after 
being collected and washed with alcohol, boiled with a large quantity 
of methylated spirit under the ordinary pressure ; vigorous evolution 
of nitrogen occurred, and during the course of two or three hours 
the diazo-compound passed completely into solution, with the pro- 
duction of a deep red colour. After removing the excess of alcohol, 
sodium chloride was added, and the crude product was boiled with 
animal charcoal and recrystallised ; a good yield of sodiwm di-iodo- 
benzenesulphonate was obtained. It gave an acid melting at 146°, 
and a chloride melting in the crude state at 87—88°. 

Method II.—The diazo-compound of di-iodoaniline-p-sulphonic 
acid is readily reduced by stannous chloride, a yield of the hydrazine 
compound amounting to 76 per cent. of the amino-acid being 
obtained. 

The crude amino-acid (40 grams) suspended in a very slight 
excess of hydrochloric acid was diazotised by the requisite amount 
of sodium nitrite (6°9 grams). In experiments with small quantities 
of material, it was found more convenient to add slowly to the 
cooled acid the mixture of nitrite with the sodium salt of the 
substance to be diazotised, but when larger quantities were 
employed, it was found impossible sufficiently to dilute the solution 
of the sodium salt, so as to prevent the latter from crystallising out, 
without producing a rather unmanageable bulk of liquid. The 
warm solution of the sodium salt was therefore poured at once 
into hydrochloric acid, the amino-acid being precipitated in a fine 
state of division. After diazotisation, the solution of the diazo-salt 
was poured slowly into a cooled solution of stannous chloride in 
concentrated hydrochloric acid, when a thick, white precipitate at 
once separated, which, after several hours, was collected, well washed 
with cold water, and dried. Examination showed it to consist of 
an iodohydrazinobenzenesulphonic acid, probably containing water 
of crystallisation. It is practically insoluble in cold water, but 
crystallises from much hot water in small, white needles, which, 
on being exposed to air during several hours, acquire a slight pink 
tinge; it is insoluble in alcohol, reduces Fehling’s solution on 
warming, reduces an ammoniacal solution of silver nitrate, and is 
decomposed by copper sulphate, nitrogen being evolved even in 
the cold, and violently on heating. 

Four agents, namely, copper sulphate, ferric chloride, potassium 
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chromate, and potassium permanganate, have been used to oxidise 
the hydrazine, but only potassium permanganate is quite satisfac- 
tory. Copper sulphate causes removal of the iodine, ferric chloride 
gives rise to a substance which still contains nitrogen, but which 
has not been further investigated, and potassium chromate causes 
removal of part of the iodine with formation of a mixture of 
monoiodo- and di-iodo-benzenesulphonic acids. 

Potassium Chromate as Oxidising Agent.—The recent work of 
Chattaway on the oxidation of aromatic hydrazines (Trans., 1908, 
93, 270) seems to show that the best agents to employ for 
displacing the hydrazino-group by hydrogen are potassium chromate 
and potassium permanganate in alkaline solution; both of these 
have been employed successfully. In the case of the former, the 
following experiment was carried out. 

Fifty grams of potassium chromate and 5°7 grams of potassium 
hydroxide were dissolved in water, and the solution was heated 
almost to the boiling point; 10 grams of the hydrazino-derivative 
were then gradually added to the hot liquid, and the heating was 
continued until the action, which was at first very vigorous and 
was accompanied by much frothing, ceased. After a time, green, 
hydrated chromic oxide was precipitated, and the clear, yellow 
filtrate deposited crystals of potassium 3: 5-di-iodobenzenesulphonate 
on cooling. On concentrating the mother liquor, crystals of 
potassium m-iodobenzenesulphonate were obtained. The first crop 
of crystals gave rise ultimately to a di-iodosulphonic acid, melting 
at 146°; the second, to an acid which could not be crystallised, and 
to an amide which crystallised from hot water in colourless needles, 
melting at 148°; it proved, on analysis, to be m-iodobenzene- 
sulphonamide : 

Found, C=25°47; H=2°22. 

C,;H,O,NIS requires C= 25°48; H=2°12 per cent. 


The melting point of m-iodobenzenesulphonamide is given as 
152° by Langmuir, but repeated recrystallisations of the amide 
obtained in this experiment did not raise it above 148°. 

Potassium Permanganate as Oxidising A gent.—A dilute solution 
of 2°4 grams of potassium permanganate and 5 grams of potassium 
hydroxide was heated to about 60—70°, and 10 grams of the 
hydrazine were gradually added; the addition was continued until 
the green colour, which was first developed, disappeared, and 
hydrated manganese dioxide made its appearance. The mixture 
was then heated until no other solid than manganese dioxide was 
present, filtered hot, and the pale yellow filtrate concentrated ; 
impure crystals of potassium 3: 5-di-iodobenzenesulphonate (6 
grams) were obtained, A second crop from the mother liquor 
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proved identical with the first. The yield amounted to 70 per cent. 
of the theoretical. Fractional crystallisation of the product 
separated it into two distinct sets of crystals, namely, less soluble 
erystals which have not yet been investigated, and more soluble ones 
identical with those obtained in method I: 


Found, C=16'16; H=0°66. 

C,H,0,I,SK requires C=16:07; H=0°67 per cent. 

The same di-iodobenzenesulphonic acid may be obtained from 
di-iodoaniline-o-sulphonic acid by a similar series of changes, 

Di-iodoaniline-o-sulphonic acid gives rise to a hydrazine closely 
resembling in appearance that obtained fromethe para-acid. It is 
insoluble in cold, and very sparingly soluble in hot, water; it gives 
the ordinary reactions of a hydrazine. When oxidised by alkaline 
permanganate, it yields a potassium di-iodobenzenesulphonate, from 
which an acid, melting at 146°, the melting point of 3: 5-di-iodo- 
benzenesulphonic acid, is readily obtained. 

3: 5-Ditodobenzenesulphonic acid crystallises from faintly acid 
solutions in long, radiating crystals, which in the dry state are 
almost white. It is very soluble in water, moderately soluble in 
ether, from which it separates in white, soapy crystals, and almost 
insoluble in mineral acids; it is freed from adhering sulphuric acid 
by precipitation with concentrated hydrochloric acid, the latter 
being subsequently removed without difficulty. The crystals from 
water melt irregularly, beginning at 70°; when dried at 98°, they 
melt at 138—146°. 

Salts of 3: 5-Di-todobenzenesulphonic Acid.—Salts of this acid 
have been prepared, but only cursorily examined; the potassium 
salt crystallises in large, white plates, the sodiwm in white needles, 
the ammonium and the barium in fine, colourless needles. 

3: 5-Di-iodobenzenesulphonyl Chloride separates from ether in 
small needles, and from a mixture of ether and light petroleum in 
clusters of needles, melting at 93°: 

Found, C=16°'76; H=0°71. 

C,H,0,ClI,S requires C=16°80; H=0°70 per cent. 

3: 5-Di-iodobenzenesulphonamide is a white powder, insoluble in 
hot or cold water; it is extremely difficult to purify, and melts 
irregularly from 205—218°: 

Found, C=17°58; H=1°36; I=62°00. 

C,;H;O,NI,S requires C=17'60; H=1°22; I=62°10 per cent. 


2: 4-Di-iodobenzenesulphonic Acid. 


Two distinct methods have been used in preparing this acid, the 
first consisting in preparing 5-nitroaniline-o-sulphonic acid and 
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successively displacing the amino- and nitro-groups by iodine, the 
second in removing the amino-group from di-iodoaniline-m-sulphonic 
acid by the diazo-reaction. The first method fixes the constitution 
of the acid, the second affords some evidence as to the constitution 
of di-iodoaniline-m-sulphonic acid ; of the two, the former, although 
involving more operations, is the more convenient, and gives rise 
to better yields and purer products. 

Method I: Preparation of 0-Iodo-p-nitrobenzenesulphonie A cid.— 
The 5-nitroaniline-o-sulphonic acid was prepared from m-nitroaniline 
by Post and Hardtung’s method (Ber., 1880, 18, 40; Annalen, 
1880, 205, 102), which consists in heating m-nitroaniline with 
fuming sulphuric acid during several hours. As the authors point 
out, there is much difficulty in so regulating the conditions of 
temperature and strength of acid that carbonisation shall not 
occur; in many experiments, when quantities given by the authors 
(nitroaniline with five times its weight of fuming acid) were 
gradually heated in an oil-bath, the whole mass decomposed at a 
temperature far below that given as the temperature of sul- 
phonation. It has been found, however, that if the mixture be 
kept well shaken, and the oil-bath be gradually heated to 160°, 
allowed to cool, and again heated to 160° with constant agitation, 
the heating being continued during two or three hours, sulphonation 
is complete; a shorter time than two hours leaves some nitroaniline 
unattacked. The acid mixture is neutralised with barium car- 
bonate, the brown barium salt collected, purified, and decomposed 
with dilute sulphuric acid; the sulphonic acid crystallises out from 
the clear filtrate. 

21°8 Grams of this nitroaminosulphonic acid were dissolved in 
water with the addition of a little sodium carbonate, the solution 
being kept hot and sufficiently dilute to prevent the precipitation 
of the sodium salt, which tends to separate as a bright yellow pre- 
cipitate; the clear, hot solution was then poured into excess of 
dilute sulphuric acid and the mixture well cooled; on the gradual 
addition of 7 grams of sodium nitrite, the dark yellow colour of 
the nitro-compound became much paler, and, on complete diazo- 
tisation, a very pale yellow diazo-compound separated from the 
acid mixture. After adding 25 grams of potassium iodide, the 
mixture was heated on the water-bath until the evolution of 
nitrogen was at an end; the cooled filtrate, after concentration, 
deposited crystals. These were collected and_ recrystallised, 
separating from water in orange-yellow, shining rhombs, which 
consisted of potassium o0-iodo-p-nitrobenzenesulphonate. The yield 
amounted to 30 grams, which is approximately 90 per cent. of the 
theoretical. 
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Preparation of m-Iodoaniline-p-sulphonic Acid.—A solution of 
15 grams of potassium o-iodo-p-nitrobenzenesulphonate, with 90 
grams of crystallised ferrous sulphate, was heated on the water- 
bath, and potassium hydroxide (35°5 grams) was slowly added to 
the hot mixture. After two hours’ digestion on the water-bath, 
reduction was complete; hydrochloric acid then precipitated a 
white, crystalline mass of the iodoanilinesulphonic acid from the 
concentrated filtrate. 

m-Jodoaniline-p-sulphonic acid crystallises from water in white, 
feathery needles ; it closely resembles, in appearance and properties, 
the iodoaminosulphonic acids which have been already described. 
It is much less soluble in water than the iodonitro-acid from which 
it is produced, the addition of mineral acid to a solution of the 
potassium salt of the latter causing no precipitation of the 
corresponding acid. 

The appearance, therefore, of a white precipitate on the addition 
of mineral acid may be taken to indicate that reduction has 
proceeded satisfactorily; separation of the amino-acid from any 
unchanged nitro-acid is thus easily effected. 

Preparation of 2: 4-Di-todobenzenesulphonic Acid.—m-Iodo- 
aniline p-sulphonic acid yields a very pale yellow diazo-compound ; 
the addition of potassium iodide to a solution of the latter causes 
evolution of nitrogen and formation of a reddish solution, from 
which potassium 2: 4-di-iodobenzenesulphonate separates on con- 
centration ; this salt crystallises in cream-coloured, shining plates. 
The yield is about 70 per cent. of the theoretical. Addition of 
barium chloride causes precipitation of the barium salt, and the 
latter, when decomposed with sulphuric acid, yields, on concentration 
of the solution, the sulphonic acid in shining needles. 

Method II.—The second method of preparing the acid involves 
the use of di-iodoaniline-m-sulphonic acid, which is easily obtained 
in a pure condition from aniline-m-sulphonic acid. 

Attempts to remove the amino-group by boiling the diazo- 
compound with alcohol proved unsuccessful; oxidation of the 
hydrazine by alkaline chromate yielded, however, satisfactory 
results. The hydrazine is obtained as a thick, white precipitate, 
which, on keeping, becomes slightly coloured. It is practically 
insoluble in hot or cold water and attempts to purify it by recrystal- 
lisation from hot water resulted in the production of a slightly 
coloured solution, from which no crystals could be obtained; the 
substance was purified, therefore, by boiling it several times with 
water, after which it was collected and dried. It gives all the 
reactions of a hydrazine. Attempts to oxidise the hydrazine with 
copper sulphate resulted in the production of cuprous iodide; 
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oxidation with alkaline chromate gave, however, the desired result. 
The same proportions as before were used, and the hydrazine was 
added gradually to the hot alkaline solution of potassium chromate ; 
violent evolution of nitrogen occurred, and hydrated chromic oxide 
was gradually precipitated; the cooled, concentrated filtrate 
deposited crystals of potassium 2: 4-di-iodobenzenesulphonate. 

2: 4-Di-iodobenzenesulphonic acid is very soluble in water. It 
separates from concentrated solutions in small needles which 
contain water of crystallisation; this is lost after several hours’ 
exposure in a desiccator, or after a few minutes at 98°. The 
anhydrous acid melts at 167° to an opaque liquid, which becomes 
transparent at 172°. The dry acid dissolves readily in ether; the 
crystals which separate on evaporation of the solvent are very 
deliquescent, becoming, however, dry and powdery, and melting at 
167°, when dried for a few minutes at 98°. The acid is precipitated 
from its aqueous solution by concentrated hydrochloric acid; use 
is made of this property in its purification. 

Salts of 2: 4-Di-iodobenzenesulphonic Acid.—The sodium salt 
crystallises from water in glistening, white scales, the potassium 
salt in sparkling, plate-like needles, the ammonium and the barium 
salts in small, white needles. Solubility determinations have not 
yet been made, but, owing to the considerable loss entailed in the 
preparation of the pure barium salt from the potassium salt, there 
is no doubt that the former is considerably more soluble than the 
corresponding salts of the isomeric acids. 

2: 4-Di-iodobenzenesulphonyl Chloride separates from ether in 
white scales, melting at 77—78°; from a mixture of benzene and 
light petroleum, it crystallises in rhombic plates: 

Found, C=16'90; H=0°'98. 

C,H,0,ClI,S requires C=16°80; H=0°70 per cent. 

The amide prepared (1) from the potassium salt obtained after 
removing the amino-group from di-iodoaniline-m-sulphonic acid, 
(2) from the acid obtained directly from 5-nitroaniline-o-sulphonic 
acid, melts at 230°. 


3: 4: 5-T'ritodobenzenesulphonic Acid. 


On passing two molecular proportions of iodine chloride into a 
dilute solution of aniline-p-sulphonic acid, di-iodoaniline-p-sulphonic 
acid, described by Kalle and Co. (/oc. cit.) as a brown substance 
rather insoluble in water, is obtained. No difficulty has been 
experienced in obtaining it free from the monoiodo-derivative ; it 
is an advantage to use a slight excess of iodine chloride, since, as 
it is impossible to introduce a third atom of iodine into the nucleus, 
the excess simply ensures complete iodination of the acid. It 
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crystallises from much hot water; a more convenient method of 
purification, however, consists in converting the crude substance 
into its sodium salt, and precipitating the amino-acid from a 
solution of the latter by the addition of mineral acid. The dis- 
placement of the amino-group by iodine, with formation of 
potassium tri-iodobenzenesulphonate, is readily brought about. 
The diazo-anhydride of di-iodoaniline-p-sulphonic acid is bright 
yellow, and is decomposed by potassium iodide at 30°. At that 
temperature, nitrogen begins to be evolved, and a fine, silky pre- 
cipitate takes the place of the somewhat granular diazo-compound, 
the precipitate forming a thick scum on the surface of the liquid. 
A yield of 13 grams from 10 grams of the amino-acid, amounting 
to 97 per cent. of the theoretical, was obtained. 

Potassium 3: 4: 5-tri-todobenzenesulphonate is insoluble in cold, 
and very sparingly soluble in hot, water, from which it crystallises 
in small, yellowish-white needles; these were dried at 100° for 
analysis : 


Found, C=12°69; H=0°39; I=66°43; K=6°76. 
C,H,O;I,SK requires C=12°54; H=0°34; I1=66°38; 
K=6°79 per cent. 


The barium, lead, and silver salts are all very sparingly soluble 
in water and in hydrochloric, acetic, and nitric acids respectively. 
When the barium salt is boiled with excess of concentrated hydro- 
chloric acid, it dissolves to a slight extent, and is at once precipitated 
if the solution is cooled; it is therefore difficult to detect traces of 
sulphuric acid or of sulphate in this substance, since the difference in 
solubility between barium tri-iodobenzenesulphonate and barium 
sulphate is not very marked. As a whole, sparing solubility may 
be regarded as characteristic of the salts of this and of the isomeric 
tri-iodosulphonie acids. The great stability and insolubility of the 
lead salt was demonstrated by an attempt to prepare the sulphonic 
acid from it by decomposition with hydrogen sulphide. 

The lead salt was suspended in water, and hydrogen sulphide 
was passed through to saturation; after passing the gas during 
two or three hours the major portion of the iodo-salt was still 
unattacked, and it was not until it had been passed into the 
mixture, which was heated at intervals, for two or three days, that 
the lead was completely precipitated as lead sulphide, and a clear 
solution of the sulphonic acid was obtained on filtration. On 
concentrating the solution, needle-like crystals of the acid, melting 
at 150—157°, were obtained. 

In a second attempt to isolate the sulphonic acid, the calcium 
salt was heated with the requisite amount of oxalic acid; no change 
in appearance and practically no decomposition occurred. 
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A third series of experiments involved the preparation of the 
barium salt and its decomposition with sulphuric acid, and in this 
case the acid was obtained without much difficulty. The main 
difficulty lies in the preparation of the barium salt, the great 
insolubility of the potassium salt rendering its decomposition by 
barium chloride a difficult matter when large quantities are being 
manipulated. The most satisfactory results were obtained when 
the potassium salt was suspended in much water, excess of barium 
chloride added, and the mixture boiled during many hours until 
the yellow scum of potassium salt had entirely disappeared, and 
until the white precipitate collected after repeated washings by 
decantation with hot water gave no test for potassium. The 
barium salt was then boiled with excess of dilute sulphuric acid 
until the crystalline salt had given place to the heavy barium 
sulphate; on cooling the concentrated filtrate, a mass of glistening 
crystals of the sulphonic acid separated. 

The acid is extremely soluble in water, moderately so in ether, 
and insoluble in acids; it is best freed from any adhering sulphuric 
acid by adding concentrated hydrochloric acid to its aqueous 
solution, and treating the precipitated acid as described in the case 
of 3: 4-di-iodobenzenesulphonic acid; from acid solutions it 
crystallises in cream-coloured plates. On account of the difficulty 
of obtaining good crystals from water, no attempt has yet been 
made to determine whether or not it contains water of crystal- 
lisation, but, judging from analogy to the two isomeric tri-iodo- 
benzenesulphonic acids, and considering the variation in the melting 
point as the acid is dried under varying conditions, there is little 
doubt that it does. The melting point of the acid (1) precipitated 
by mineral acids, (2) separated from ether, (3) crystallised from 
water and air-dried, or (4) dried at 95°, is 158°; after being dried 
at 125°, it melts at 221°. The latter may therefore be regarded 
as the melting point of the anhydrous acid. 

Salts of 3: 4: 5-T'ri-todobenzenesulphonic Acid.—The sodium salt 
crystallises from water in fine, cream needles, the potassiwm salt 
in small needles, the ammonium salt in long, colourless needles ; 
the bariwm, lead, and silver salts have all been obtained by pre- 
cipitation, but have not been prepared in a crystalline condition. 

3: 4: 5-Trt-todobenzenesulphonyl Chloride separates from ether in 
small, white needles, and from a mixture of light petroleum and 
ether in rhombic plates, melting at 145°: 

Found, C=13°19; H=0°54. 

C,H,O,C1I,S requires C=12°98; H=0°36 per cent. 


The amide is a yellowish-white substance, insoluble in hot or 
cold water ; it crystallises from methylated spirit in fine, transparent 
needles, melting above 250°. 
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The anilide crystallises from alcohol in short, transparent needles, 
melting at 201°: 
Found, C=23°73; H=1°42. 
C,,.H,O,NI;8 requires C=23°57; H=1°30 per cent. 


2: 3: 5-T'ri-todobenzenesulphonic Acid. 


It has already been stated that when one molecular proportion of 
iodine chloride is passed into a solution of aniline-o-sulphonic acid, 
p-iodoaniline-o-sulphonic acid is produced, which, being insoluble 
in water, separates in purplish-grey crystals as it is formed. Owing 
to the sparing solubility of this monoiodo-acid great difficulty was 
to be expected, and has been experienced, in preparing the di-iodo- 
derivative in a state of purity. 

Although the preparation of the tri-iodosulphonic acid does not 
necessitate the production of a pure amino-acid, the potassium 
di-iodo- and tri-iodo-sulphonates formed from a mixture of monoiodo- 
and di-iodo-amino-acids by displacement of the amino-groups by 
iodine being readily separated by fractional crystallisation, it was 
thought advisable to determine the conditions favouring the 
formation of the more highly iodinated product and to obtain it, 
if possible, in a pure state. 

The best method of preparing di-iodoaniline-o-sulphonic acid is 
to pass excess of iodine chloride into a dilute solution of the mono- 
iodo-acid. On adding hydrochloric acid to the solution of the 
monoiodo-acid, the latter began to separate out, but, as iodine 
chloride was passed through, this suspended acid gradually dis- 
solved ; a clear, reddish-brown solution was obtained, which yielded, 
after concentration, a large amount of the desired di-iodo-acid. 
This method of preparation involved the use of small quantities 
of material; to prepare the acid on the large scale, it was found 
advisable to precipitate the monoiodo-acid in a fine state of division, 
and then to pass iodine chloride through the suspended material, 
with frequent agitation, until the grey crystals of the monoiodo- 
gave place to the heavy, violet needles of the di-iodo-acid; these 
were collected and dried. 

The acid yields a bright yellow diazo-compound, which is decom- 
posed by potassium iodide, with the production of flaky crystals 
of potassium 2: 3: 5-tri-iodobenzenesulphonate. The yield of 
potassium salt is theoretical. 

The barium, lead and silver salts, obtained by precipitation 
from the potassium salt, are all very sparingly soluble in water ; 
the same difficulty, therefore, attends the preparation of the pure 
barium salt and of the acid from the barium salt as in the case 
of 3: 4: 5-tri-iodobenzenesulphonic acid. The potassium salt must 
be boiled for a long time with excess of barium chloride before 
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complete decomposition occurs; the barium salt must then be 
boiled with excess of sulphuric acid until, on evaporating the clear 
filtrate, an acid is obtained which leaves no residue when heated 
on platinum foil. 

From a mineral acid solution, the sulphonic acid separates in 
shining crystals, which dissolve readily in water, less readily in 
ether, and are almost insoluble in mineral acids; from water alone, 
they crystallise in colourless plates, which become rather coloured 
when exposed to air. The melting point of the air-dried material 
was found to vary somewhat irregularly; it was usually 166—170°, 
sometimes 183°, and once above 200°. One caa only account for 
these variations by assuming that the acid, which contains water of 
crystallisation, loses this gradually; consideration of the melting 
points obtained when the acid is dried at different temperatures 
confirms this assumption. When recrystallised from water and 
examined at once, the melting point is 166—170°; when dried at 
95°, it is 183°; and when dried at 135°, it is 210—-215°. Analyses 
showed that it probably crystallises with three molecules of water ; 
166—170° is therefore the melting point of the hydrated, and 
210—215° that of the anhydrous material : 

1:2191 lost 0°1137 H,O when heated during several hours at 

135°. H,O=9°32. 
C,H,;0;1,8,3H,O requires H,O= 9°15 per cent. 

Salts of 2: 3: 5-Tri-iodobenzenesulphonic Acid.—The sodium, 
potassium, and ammonium salts obtained by neutralisation, and the 
lead, barium, silver, copper, manganese, nickel, and cobalt salts 
obtained by precipitation have all been prepared. The sodium salt 
crystallises in transparent needles, the ammonium salt in white 
needles, and the potassium salt in shining plates; of the others, 
the barium and silver salts are extremely difficult to crystallise, 
the lead salt separates in small, woolly needles, the copper salt in 
pale blue plates, the nickel salt in small, green needles, the cobalt 
salt in pink plates, and the manganese salt in fine, white, feathery 
needles. 

2: 3: 5-T'ri-todobenzenesulphonyl Chloride separates from ether in 
small, white needles, and from a mixture of benzene and light 
petroleum in long, transparent needles, melting at 122—123°: 

Found, C=13°01; H=0°42. 

C,H,0,CII,S requires C=12°98 ; H=0°36 per cent. 

The amide is a white powder, insoluble in hot or cold water, and 
very sparingly soluble in alcohol; it does not melt below 280°. 

Ethyl 2: 3: 5-trv-todobenzenesulphonate was prepared from the 
sulphonyl chloride by treating it with absolute alcohol in the 
presence of excess of sodium hydroxide. It separates from ether 
in clusters of needles, melting at 110°: 
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Found, C=16:91; H=1°35. 
C,H,0,1,8 requires C=17:02; H=1°'24 per cent. 


2: 4: 5-Tri-odobenzenesulphonic Acid. 


In Kalle and Co.’s patent (loc. cit.), it was stated that the 
passage of two molecular proportions of iodine chloride into a 
solution of aniline-m-sulphonic acid containing a little hydrochloric 
acid resulted in the formation of di-iodoaniline-m-sulphonic acid, 
which separated out as it was formed. No mention was made of 
any monoiodoaniline-m-sulphonic acid, and the conclusion was 
therefore drawn that such a substance could not be isolated under 
these conditions. It was not, therefore, until quite recently, after 
the di-iodo-derivative had been converted into the tri-iodosulphonic 
acid and subjected to investigation, that any attempt was made to 
discover whether the mono-derivative could be obtained, and, if so, 
what conditions favoured its production. It will be seen from 
the theoretical part of this paper that a knowledge of the con- 
stitution of monoiodoaniline-m-sulphonic acid is useful in fixing 
the constitution of the di-iodo-derivative, and, consequently, of the 
tri-iodosulphonic acid formed from it; it seems advisable, therefore, 
to give experimental details of its preparation here when substances 
prepared from aniline-m-sulphonic acid are being discussed. - 

In one experiment, slightly less than one molecular proportion of 
iodine chloride was passed into a very dilute solution of aniline- 
m-sulphonic acid (8°6 grams in 2 litres of water), and the dark brown 
liquid was kept for several hours; a violet colour was gradually 
developed, and, on cooling the concentrated solution, yellowish- 
brown crystals separated ; these, after being diazotised and treated 
with potassium iodide, yielded crystals of potassium 3: 4-di-iodo- 
benzenesulphonate in an impure condition. The acid obtained from 
this salt melted irregularly at 115—117° (3: 4-di-iodobenzene- 
sulphonic acid melts at 122—125°), the low melting point indicating 
that some amino-acid had probably escaped iodination in the first 
instance, and that the final product was therefore a mixture of 
the di-iodo- with some monoiodo-sulphonic acid. The conversion of 
a fresh quantity of the potassium salt, dried at 100°, into the 
chloride, afforded convincing evidence of its constitution; the 
chloride crystallised from a mixture of light petroleum and benzene 
in transparent needles, which became white and opaque when left 
in a desiccator over sulphuric acid, and melted sharply at 82°, the 
melting point of 3: 4-di-iodobenzenesulphonyl chloride. 

There is no doubt, therefore, that when iodine chloride acts on 
aniline-m-sulphonic acid, a monoiodo-derivative is formed, in which 
the iodine atom occupies the position ortho- and para- to the amino- 
and sulphonic groups respectively; the second iodine atom, as has 
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already been shown, enters the para-position with respect to the 
amino-group. Di-iodoaniline-m-sulphonic acid yields a yellow diazo- 
compound, which is decomposed by potassium iodide, with formation 
of 2: 4: 5-tri-iodobenzenesulphonic acid, which separates from the 
hot solution in shining crystals of the potassium salt. The pre- 
paration of the barium salt and of the acid from the barium salt 
are matters of little difficulty, the acid separating on evaporation 
of its aqueous solution in shining plates. It dissolves very readily 
in water, more sparingly in ether, and is almost insoluble in 
mineral acids; the crystals from water melt sharply at 182°; when 
dried at 100°, or at 125°, they melt at 230°. Analysis showed 
that the acid melting at 182° contains three molecules of water of 
crystallisation : 

Found, C=12°32; H=1'69; H,O=9'14. 
C,H;0,1,8,3H,O requires C=12°20; H=1°50; H;O=9°15 per cent. 

Salts of 2: 4: 5-T'ritodobenzenesulphonic Acid.—The sodium and 
potassium salts crystallise in long, white needles; the ammonium 
salt in small, white nodules; the potassiwm salt crystallises with one 
molecule of water: 

Found, C=12°34; H=0°66; H,O=3°'34. 
C,H,O;I;SK,H,O requires C=12°16; H=0°67; H,O=3'04 per cent. 

2: 4: 5-Tritodobenzenesulphonyl Chloride crystallises from ether 
in small needles, and from a mixture of light petroleum and ether 
in small, sparkling crystals, melting at 135°: 

Found, C=12°96; H=0°40. 

C,H,0,CII;S requires C=12'98; H=0°36 per cent. 

The amide is a yellowish-white powder, insoluble in water, but 
soluble in methylated spirit; it does not melt below 260°: 

Found, C=13°45; H=0°70; I=71°21; N=2°37. 

C,H,0,I,NS requires C=13°45; H=0°74; I=71°'21; 
N=2'61 per cent. 

The anilide crystallises from alcohol in. small, needle-shaped 
crystals, melting at 194—196°: 

Found, C=23°67; H=1°49. 

C,.H,0,I;NS requires C= 23°27; H=1°31 per cent. 


My thanks are due to Professor H. E. Armstrong, through whose 
suggestion the work arose; to Miss E. E. Field, for kind help and 
encouragement during its progress; and to Miss M. Tutin, for 
valuable help in the preparation of material and in the analysis of 
salts. 
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CLXXXVII.—The Influence of Gaseous Oxides of 
Nitrogen on the Rate of Interaction of Chlorine 
and Hydrogen. 


By Davip LEonarD CHAPMAN and Patrick SarRsFIELD MacManon. 


HirTHeErTOo it has been shown that both oxygen (Bunsen and Roscoe, 
Phil. Trans., 1857, 14'7, 390) and nitrogen chloride (Burgess and 
Chapman, Trans., 1906, 89, 1399) retard the union of hydrogen and 
chlorine in light, and that, although the inhibitive influence of 
the former is considerable, that of the latter is incomparably 
greater. On the other hand, the observed retardation of the same 
reaction by nitrogen and carbon dioxide was so small that we have 
been forced to conclude that these gases function as diluents only. 
The fact that the property of inhibiting the union of hydrogen and 
chlorine is strictly limited to a few substances, and is not possessed in 
varying degrees by gases in common, suggests that it is the result of 
some chemical relation, definable in general terms, between the gas 
exhibiting the property and one of more of the constituents of the 
interacting system. It is possible that the inhibitor must be 
capable of reacting with one or more of the other gases present. 
Such a condition is obviously satisfied by oxygen and nitrogen 
chloride. 

As this conjecture is supported by facts recently disclosed in 
the study of the effect of the gaseous oxides of nitrogen on the 
rate of union of chlorine and hydrogen, it is advanced tentatively 
as a hypothesis which will at least serve to indicate the line of 
investigation that we intend to pursue. 

In the presence of water, nitric oxide and chlorine interact, 
and a brown gas, probably nitrogen peroxide, results. A con- 
siderable period of time elapses before the last trace of this gas 
is absorbed by the chlorine water in the vessel containing it. If a 
comparatively small volume of nitric oxide is introduced into a 
mixture of chlorine and hydrogen, the resulting brown gas inhibits 
the interaction of the chlorine and hydrogen in the light. When, 
on standing for several hours, the nitrogen peroxide has dissolved, 
the electrolytic gas almost recovers its former sensitiveness. In its 
power to retard the interaction of chlorine and hydrogen, nitrogen 
peroxide appears to lie between nitrogen chloride and oxygen. 
Like oxygen, nitrogen peroxide will, under the conditions necessary 
for the interaction of chlorine and hydrogen, act on hydrogen 
chloride, so that it belongs to that class of substances to which the 
property of inhibition is supposed to be limited. 
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Nitrogen monoxide, although an oxidising agent, acts merely 
as a diluent. Nitrous oxide is, however, an extremely stable and 
inert substance at the ordinary temperature. It is probable that 
it will only part with its oxygen at elevated temperatures. 

The three known inhibitors, therefore, contain either loosely 
combined atoms of oxygen or loosely combined atoms of chlorine. 
They are all three capable of oxidising hydrogen chloride, and if 
it is assumed that a comparatively large amount of energy is 
dissipated in the process of oxidation, an intelligible explanation is 
afforded of the means by which the inhibitor is enabled to discharge 
the efficient energy of the chlorine. 

The facts published in our last paper on the retarding effect of 
oxygen (this vol., 959) are in complete harmony with the theory. 
The communication in question contained experimental evidence 
which pointed to the conclusion that a very small (perhaps an 
infinitely small) amount of light energy was sufficient to cause the 
union of considerable amounts of chlorine and hydrogen in a 
mixture of the gases containing no oxygen or other inhibitor. On 
the other hand, to oxidise with gaseous oxygen an equivalent 
quantity of hydrogen chloride in the presence of chlorine, must 
necessitate the expenditure of a considerable amount of efficient 
energy. It is, therefore, not surprising that oxygen, although an 
inhibitor, is not removed from a mixture of hydrogen and chlorine 
at a measurable rate in the presence of light. 


EXPERIMENTAL. 


The apparatus was the same as that employed to measure the 
retarding effect of oxygen. The electrolytic gas was so free from 
inhibitive impurities removable by the action of light that no 
induction period could be observed when the actinometer filled with 
the mixture was exposed to light. The nitric oxide was prepared 
by the action of dilute nitric acid on a saturated solution of ferrous 
sulphate, and was collected in a large gasholder filled with water. 
After standing in the presence of the water for several hours, some 
of the gas was allowed to pass into a smaller gasholder filled with 
a boiled solution of sodium arsenite, in the presence of which 
reagent it was allowed to remain for several days in order to remove 
any nitrogen chloride which might be present. As the light emitted 
from the standard Hefner lamp was inconveniently feeble for these 
experiments, an electric glow-lamp of 25 c.p., placed at a distance 
of 2 metres from the insolation vessel, was substituted for it. 
Under the influence of the light from this lamp, the index of the 
actinometer moved at the rate of 40 cm. in one minute. A measure 
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of nitric oxide, equal to 1/300th of the total volume, was admitted. 
The mixture was then exposed to the light of the glow-lamp for 
half an hour, during which period there was no detectable movement 
of the index. If the original mixture had been exposed to the 
light for the same length of time, about one-third of the electrolytic 
gas would have been converted into hydrogen chloride. After the 
illumination of half an hour, the mixture was allowed to stand in 
the dark for two and a-half hours, and then re-exposed to light; 
during twenty-five minutes there was no combination. The 
actinometer was then left for thirteen hours in the dark. On 
exposure to light there was instantaneous formation of hydrogen 
chloride. The movement of the index was at first slow, but it 
gradually increased until the sensitiveness of the mixture was 
almost as great as that observed before the nitric oxide had been 
added. 

In a second experiment the procedure was slightly varied. Fresh 
water was introduced into the actinometer, which was subsequently 
filled with sensitive electrolytic gas. The index liquid moved 
34 cm. in one minute when the insolation vessel was exposed to 
the light of the glow-lamp; but after the mixture had been left for 
almost twelve hours in darkness, the nitrogen peroxide had almost 
completely disappeared from the gas. The sensitiveness, which 
was at first only 3 cm. per minute, increased gradually and rather 
irregularly to its original value. 

In a third experiment it was found that a mixture of the 
same composition began to combine after five hours’ continuous 
exposure to light. A soluble product of the interaction of moist 
nitric oxide and chlorine, presumably nitrogen peroxide, is there- 
fore capable of inhibiting the combination of chlorine and hydrogen. 

In the experiments with nitrous oxide, some difficulty was pre- 
sented in the preparation of the gas sufficiently pure for our 
purpose. Very small quantities of foreign substances in the 
ammonium nitrate, from which the nitrous oxide is prepared, tend 
to facilitate side reactions when the salt is decomposed by heating. 
The ammonium nitrate was therefore crystallised four times from 
pure water. In the preparation of the nitrous oxide, great care 
should be taken to prevent rapid decomposition of the salt. In 
spite of the precautions taken to ensure purity, we have not suc- 
ceeded in preparing a sample of the gas quite free from nitric oxide. 

In the experiments performed to test the influence of the nitrous 
oxide on the rate of interaction of chlorine and hydrogen, the 
source of light was a Hefner lamp, placed at a distance of 60 cm. 
from the insolation vessel of the actinometer. The details of an 
experiment are recorded below. 
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The sensitiveness of the electrolytic gas was 4°40 cm. per minute. 
After adding to the electrolytic gas 1/300th of its volume of nitrous 
oxide, it was found that hydrogen chloride was still formed in the 
light, the rate of its formation corresponding to a movement of 
the index of 0°36 cm. per minute. On standing for 12°5 hours in 
darkness, the sensitiveness was 2°30 cm. per minute, but it rose 
gradually to 4°00 cm. per minute. That the observed retardation 
immediately after the addition of the nitrous oxide was not caused 
by the nitrous oxide itself, but by a small amount of nitric oxide, 
is evident from the circumstance that the effect almost entirely 
disappeared after the insolation vessel had been allowed to remain 
in darkness for half a day. Another experiment, in which a volume 
of nitrous oxide equal to as much as 1/20th of the internal capacity 
of the insolation vessel was added, furnished similar results. 


Conclusions. 


1. A gaseous product of the interaction of moist chlorine and 
nitric oxide (presumably nitrogen peroxide) inhibits the interaction 
of chlorine and hydrogen. 

2. The inhibitive gas is after several hours almost completely 
absorbed by the chlorine water. 

3. Nitrous oxide is a mere diluent. The rate of interaction of 
chlorine and hydrogen is not appreciably affected by the presence 
of a comparatively large volume of the gas. 

4. It is considered as probable that the action of the inhibitor is 
such that the efficient energy of the chlorine derived directly from 
the light is dissipated by its bringing about a chemical change in 
which the inhibitor takes part. 

THE Sir LEOLINE JENKINS LABORATORIES, 


JESUS COLLEGE, 
OXFORD. 


CLXXXVIIIl.—Further Syntheses of p-Hydroxyphenyl- 


ethylamine. 


By Gerorce Barcrr and Gzrorce STANLEY WALPOLE. 


One of us described recently (Trans., 1909, 95, 1123) the isolation 
of a new physiologically active principle of ergot, its identification 
as p-hydroxyphenylethylamine, and its synthesis by the reduction 
of p-hydroxyphenylacetonitrile. On account of the therapeutical 
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interest of the substance, other syntheses were attempted, and two 
of these form the subject of the present paper. 

In the first place, the introduction of a phenolic hydroxyl group 
into phenylethylamine was attempted. By nitrating benzoyl- 
phenylethylamine, a p-nitro-derivative was readily obtained, and 
this yielded by successive reduction and diazotisation the V-benzoyl 
derivative of the desired substance, which was readily converted 
into p-hydroxyphenylethylamine itself by heating with acids. 
Instead of benzoylation, we also used acetylation as a means of 
protecting the amino-group, but in this case the p-nitro-derivative 
is not so readily separated from its isomerides. Phenylethylamine 
can also be nitrated in the form of its benzylidene derivative when 
dissolved in concentrated sulphuric acid, but the mixture of nitro- 
compounds, which results on dilution with water, cannot be 
separated except by acetylation or benzoylation. 

The second synthesis to be described starts from anisaldehyde, 
which was converted into pmethoxyphenylpropionic acid. This 
acid, first prepared by W. H. Perkin, sen. (Trans., 1877, 31, 411), 
is more readily obtained by the method given by Perkin, jun., and 
Robinson for 3: 4-dimethoxyphenylpropionic acid (Trans., 1907, 
91, 1071). The amide of this acid, MeO-C,H,-CH,*CH,*CO-NH,, 
yielded by Hofmann’s reaction p-methoxyphenylethylamine, 
MeO:C,H,°CH,*CH,*NH,., from which the methyl group was finally 
removed by heating with hydrobromic acid. 


EXPERIMENTAL. 


I.—Synthesis of p-Hydroxyphenylethylamine from 
Phenylethylamine. 


Benzoyl-p-nitrophenylethylamine, NO,*C,;H,*CH,*CH,*-NHBz, was 
prepared by slowly adding benzoylphenylethylamine (8 grams) to 
fuming nitric acid (40 grams), the temperature being kept below 
5°. After pouring on snow, the product solidified. On crystal- 
lisation from alcohol, 3°4 grams of the para-compound separated in 
long needles; the mother liquor contains isomeric nitro-compounds, 
which are much more soluble. 

Benzoyl-p-nitrophenylethylamine was obtained pure by a second 
crystallisation from alcohol, and then melted at 162°. It is 
moderately soluble in boiling alcohol, but only sparingly so in cold 
alcohol : 

0°2573 gave 22°2 c.c. N, (moist) at 11° and 748 mm. N=10°0, 
C,;H,,0;N. requires N=10°4 per cent, 
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Benzoyl-p-aminophenylethylamine, NH,*C,H,-CH,"CH,-NHBz. 


Benzoyl-p-nitrophenylethylamine (13°5 grams) is suspended in 
100 c.c. of alcohol, tinfoil (11 grams) is added, and then gradually 
50 c.c. of concentrated hydrochloric acid. The temperature is at 
first kept below 50°; finally the reaction is completed on the water- 
bath. When all the tin has dissolved, the solution is filtered, and 
the alcohol is removed by steam distillation. On cooling, the hydro- 
chloride of the amino-compound separates. The free base was 
obtained by rendering the solution alkaline and extracting with 
ether. It forms crystals, melting at 134°: 


0°3183 gave 31°4 c.c. N, (moist) at 17° and 759 mm. N=11°5. 
C,;H,,ON,. requires N=11°6 per cent. 


The hydrochloride melts and decomposes above 280°, and is very 
sparingly soluble in water: 
0°2677 gave 0°1376 AgCl. Cl=12°7. 
C,;H,,ON,,HCl requires Cl=12°7 per cent. 


Benzoyl-p-hydroxy phenylethylamine, HO-C,H,*CH,*CH,"NHBz. 


To a boiling solution of the amino-compound in dilute sulphuric 
acid, a solution of sodium nitrite was slowly added in equivalent 
proportion. The hydroxy-compound formed is almost insoluble in 
water, and separated out; it was collected and crystallised from 
alcohol, when it formed hexagonal plates, melting at 162°: 

0°1300 gave 6°5 c.c. Ny (moist) at 15° and 750 mm. N=5'8. 

C,;H,,0,.N requires N=5'8 per cent. 

On heating with 20 per cent. hydrochloric acid to 140°, this 
substance is hydrolysed, yielding p-hydroxyphenylethylamine; on 
benzoylation by the Schotten-Baumann method, the dibenzoyl 
derivative, melting at 170°, is formed. 

Acetyl-p-nitrophenylethylamine, NO,°C,H,CH,°CH,-NHAc, is 
prepared by adding acetylphenylethylamine to nitric acid in the 
same way as was described for the benzoyl compound. After 
pouring on snow, the acetyl derivative, unlike the benzoyl 
derivative, remained liquid. The solution was therefore extracted 
with ether, and the ethereal solution was washed with sodium 
carbonate to free it from nitric acid, dried, and evaporated. Very 
little methyl alcohol was added to the syrupy residue; on keeping 
in a vacuum desiccator, crystals were slowly deposited, which were 
pressed on a porous tile, and recrystallised from methyl alcohol; 
they then melted at 142°: 


mab» tn leaded ae ae 
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0°1326 gave 0°2836 CO, and 0'0712 H,O. C=582; H=5°9. 
0°0869 ,, 10°2 c.c. N, (moist) at 19° and 762mm. N=13'5. 
Cy9H.0,N, requires C=57°8; H=5°8; N=13'5 per cent. 

The nitro-compound thus obtained was reduced, the crude amino- 
compound diazotised, and the resulting solution was concentrated 
until it contained about 30 per cent. of sulphuric acid, and heated 
to 140°. »Hydroxyphenylethylamine was then extracted by amyl 
alcohol and isolated as the dibenzoyl derivative (m. p. 169—170°), 
but none of the intermediate compounds were characterised. 


p-Vitrophenylethylamine, NO.°C,;H,*CH,"CH,"N Hg. 


This substance is readily obtained, mixed with its isomerides, 
when benzylidenephenylethylamine, CH,Ph°CH,-N:CHPh (melt- 
ing at about 70°; prepared by warming the components), is nitrated 
in sulphuric acid solution by the addition of the calculated quantity 
of potassium nitrate. On diluting with water and removing, by 
steam distillation, the benzaldehyde formed, a yellow oil remains, 
which, on acetylation and benzoylation, yields the p-nitro- 
derivatives (melting respectively at 142° and 162°), which have 
been described above. The benzoyl derivative was hydrolysed by 
heating with ten times its weight of concentrated hydrochloric acid 
to 170° for four hours. p-Nitrophenylethylamine was thus obtained 
as a yellow syrup, which could not be crystallised, and was readily 
soluble in most organic solvents. It absorbed carbon dioxide from 
the air, forming a crystalline carbonate. The hydrochloride forms 
leaflets, melting at 214°, and was analysed : 


0°2141 gave 0°1522 AgCl. Cl=17°6. 
C3H,,0O,N,,HCl requires Cl=17°5 per cent. 


II.—Synthesis of p-Hydroxyphenylethylamine from Anisaldehyde. 


The p-methoxyphenylpropionic acid required was prepared 
according to the same method as that employed by Perkin and 
Robinson (Trans., 1907, 91, 1079) for the preparation of 3: 4-di- 
methoxyphenylpropionic acid. 

Anisaldehyde (100 grams) was condensed with ethyl acetate (245 
grams) by means of finely-divided sodium (24°5 grams). After one 
hour, 102 grams of potassium hydroxide, dissolved in methyl 
alcohol, were added; after removai of the alcohol by distillation, 
the solution was treated with 3000 grams of 24 per cent. sodium 
amalgam. The resulting methoxyphenylpropionic acid was crystal- 
lised from water; yield 46 grams, melting point 104°. 
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p-M ethoxyphenylpropionamide, MeO-C,H,*CH,*CH,"CO-N Hy. 


The acid obtained above (46 grams) was heated on a water-bath 
with one molecular proportion of phosphorus pentachloride in 
chloroform solution until no more hydrogen chloride was evolved. 
On fractionally distilling the mixture, 30 grams of p-methozy- 
phenylpropionyl chloride, boiling at 161—165°/15 mm., were 
collected. Gaseous ammonia was passed into the ethereal solution 
of the chloride, and gave a quantitative yield of the amide, which 
crystallised from alcohol in prisms, melting at 124°: 

0°1009 gave 7°2 c.c. N, (moist) at 24° and 758mm. N=8°0. 

Ci9H,;0,N requires N=7'8 per cent. 


p-Methoxryphenylethylamine, MeO-C,H,*CH,°CH,°N Hg. 


The amide (27 grams) was heated with 7°9 c.c. of bromine 
dissolved in 150 c.c. of water containing 36°5 grams of sodium 
hydroxide, the temperature not exceeding 55°. On extraction of 
the base with ether, drying, and fractionally distilling, 8 grams 
of p-methoxyphenylethylamine, boiling at 138—140°/20 mm., were 
obtained. The base forms a colourless liquid, very sparingly soluble 
in water. On passing hydrogen chloride into the ethereal solution 
of the base, a crystalline hydrochloride, melting at 206°, was 
obtained : 

0°0946 gave 0°0717 AgCl. Cl=18°8. 

C,H,;,0N,HCI1 requires Cl=18°8 per cent. 

0°5 Gram of the above hydrochloride was heated for four hours 
to 160° with 5 c.c. of hydrobromic acid (D 1°4). On cooling, a 
salt crystallised out, but could not be readily freed from the mother 
liquor ; the excess of hydrobromic acid was therefore removed under 
diminished pressure, and the remaining solid boiled in alcoholic 
solution with charcoal. On adding ether to the filtrate, a salt 
separated which gave Millon’s reaction; after benzoylation, the 
dibenzoyl derivative of p-hydroxyphenylethylamine, melting at 
169—170°, was isolated. 


THE WELLCOME PuysIoLocicaL REsEARCH LABORATORIES, 
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CLXXXIX.—The Preparation of Disulphides. Part VII. 
The Nitrobenzyl Mercaptans aud Disulphides. 


By Tuomas SiaTerR Price and Dovecias Frank Twiss. 


In an earlier paper (Trans., 1908, 93, 1402), the authors have 
described the preparation of the three nitrobenzyl disulphides 
(ortho, meta, and para) by the action of sodium carbonate on the 
solution of the corresponding alkyl thiosulphate compound. How- 
ever, although the properties of the o- and m-disulphides agreed 
well with those described by previous observers (Cassirer, Ber., 
1892, 25, 3029; Gabriel and Posner, Ber., 1895, 28, 1025; Gabriel 
and Stelzner, Ber., 1896, 29, 161; Lutter, Ber., 1897, 30, 1069; 
Blanksma, Rec. trav. chim., 1901, 20, 137), the p-nitrobenzyl 
disulphide obtained was entirely different from the substance which 
Strakosch describes as this compound (er., 1872, 5, 692). 

The method of preparation described by Strakosch is to mix 
p-nitrobenzyl chloride with ammonium sulphide in alcoholic solution, 
when, according to his statement, the mercaptan first separates, 
and this, on further treatment with ammonium sulphide, gives the 
disulphide. This statement cannot be correct, for the following 
reasons. (a) The melting point of the mercaptan (140°) is given 
as being higher than that of the disulphide (89°). (0) O. Fischer 
(Ber., 1895, 28, 1337) has shown that the action of alcoholic 
ammonium sulphide on p-nitrobenzyl chloride yields much p-nitro- 
benzyl monosulphide (m. p. 159°), and although he suggests that 
Strakosch’s mercaptan is really this compound, he does not appear 
to have further studied the matter. (c) Otto and Réssing (Ber., 
1886, 19, 3129) have shown that the action of potassium sulphide on 
an organic disulphide in alcoholic solution gives the mercaptan by 
reduction. (d) In a recent paper (Schaeffer and Murta, Ber., 
1907, 40, 2007), p-nitrobenzyl mercaptan is mentioned as having 
the melting point 51°.* 

A repetition of Strakosch’s experiment showed us that the product 
of the reaction is really a mixture of the sulphide, disulphide, and 
mercaptan of p-nitrobenzyl, and we have assured ourselves of the 
true character of the p-nitrobenzyl disulphide (m. p. 126°5°) 
obtained by us -previously, in the following manner. Under the 
action of mineral acids, the sodium alkyl thiosulphates yield the 
corresponding mercaptans (Bunte, Ber., 1874, 7, 646; Purgotti, 


* The details regarding this substance are given in an Inaugural Dissertation by 
Waters (Munich, 1905), a copy of which we have not been able to examine, 
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Gazzetta, 1890, 20, 25); by this reaction, we have obtained the 
ortho-, meta-, and para-mercaptans from the three sodium nitro- 
benzyl thiosulphates. From these mercaptans the corresponding 
disulphides were prepared by oxidation with iodine, and found to 
be identical with the compounds we had previously obtained by the 
action of alkali on the three sodium nitrobenzyl thiosulphates. 
The only one which was doubtful, in the light of Strakosch’s results, 
was the p-disulphide, but any doubt is now removed. 

The mercaptans are formed from the alkyl thicsulphate com- 
pounds by hydrolysis with acids (Bunte, Joc. cit.) according to the 
equation: RS,O,Na+H,O0 = RSH + NaHSO,. 

This reaction was used by Bunte in support of the formula 
NaS:SO,"ONa, which is usually assigned to sodium thiosulphate. 
Gutmann (Ber., 1909, 42, 228) has recently shown, however, that 
in the course of the reaction disulphide and sulphur dioxide are 
produced at the same time as the mercaptan and sulphate. He 
considers that these results disprove Bunte’s interpretation of the 
reaction, and he explains them by the intermediate formation of 
the hypothetical compound thioethyl hydroperoxide, C,H,;-S-OH, 
which he has also assumed to be formed in other reactions (Ber., 
1908, 41, 1650). At the same time, he throws doubt on the con- 
stitutional formule usually assigned to sodium thiosulphate and 
to sodium sulphite. We have previously shown (Trans., 1908, 93, 
1395 ; Ber., 1908, 41, 4375) that the usually accepted formule give 
a satisfactory explanation of all Gutmann’s results, and that there 
is no valid evidence for the existence of the thioethyl hydro- 
peroxide; we cannot see that Gutmann’s recent results afford any 
fresh evidence in the matter. That he has found disulphide and 
sulphur dioxide to be formed in the hydrolysis of sodium and 
potassium ethyl thiosulphates is readily explained by the thermal 
decomposition these compounds undergo (compare Bunte and 
Purgotti, Joc. cit.). If an aqueous solution of sodium ethyl thio- 
sulphate, or even of sodium benzyl thiosulphate, which is much 
more stable, is heated for some time, disulphide and dithionate are 
formed according to the equation: 

2Na0-0,S-SR = R,S, + NaO-SO,°SO,"ONa. 

In the presence of acids, the dithionate is decomposed with the 
evolution of sulphur dioxide. This reaction is subsidiary to the 
ordinary hydrolytic one, but will account for all Gutmann’s results. 


EXPERIMEXKTAL. 


The method of preparation and purification of the mercaptans 
was practically the same in each case. Ten grams of the nitro- 
benzyl chloride and 15 grams of sodium thiosulphate were heated 
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together in 30 c.c. of alcohol (95 per cent.) and 30 c.c. of water 
under reflux for approximately one hour. The clear solution was 
allowed to cool, after which the sodium nitrobenzyl thiosulphate, 
which crystallised out, was collected and washed with a little 
alcohol. The thiosulphate compound, without further purification, 
was dissolved in water, and the solution filtered if not quite 
clear.* After the addition of 7 c.c. of concentrated sulphuric acid, 
the solution was maintained at a temperature just below its boiling 
point for about eight hours, by which time the mercaptan had 
separated as an oil. The yield of the crude mercaptan was 
approximately 80 per cent. ; it could be slightly increased by longer 
heating. In order to remove the disulphide, which contaminated 
the crude product, the mercaptan was distilled in an atmosphere of 
carbon dioxide under diminished pressure. The purity was then 
tested by titration, in alcoholic solution, with WV /10-iodine (compare 
Klason and Carlson, Ber., 1906, 39, 738). 
o-Nitrobenzyl mercaptan forms pale yellow crystals, which melt 
at 29°5° to a yellow liquid which distils at 149°5°/15 mm. Gabriel 
and Stelzner (Ber., 1896, 29,~161) give 42—44°; in all probability 
their product was contaminated by much disulphide. Oxidation 
with iodine gave the disulphide, melting at 110°: 
0°2758 required 16°22 c.c. of V/10-iodine for complete oxidation. 
M.W.=170°1. 
C,;H,O,NS requires M.W.=169°1. 
m-Vitrobenzyl mercaptan is a bright yellow liquid at the ordinary 
temperature ; it distils at 164°/18 mm. It can be obtained in the 
form of pale yellow crystals, which melt at 14°. Lutter (Ber., 1897, 
30, 1069) gives 11—12°. On exposure to the air, the liquid 
oxidises very slowly. Oxidation with iodine gave the disulphide, 
melting at 103°: 
0°4684 required 27°50 c.c. of V/10-iodine for complete oxidation. 
M.W.=170°3. 
C,;H;O,NS requires M.W.=169°1. 
p-Vitrobenzyl mercaptan forms yellow needles, which melt at 
52°5°. Schaeffer and Murtia (Ber., 1907, 40, 2007) give 51°. It 
distils at 1649/15 mm. Recrystallisation was not a satisfactory 
method of purification, on account of unavoidable oxidation which 
took place. Oxidation with iodine gave the disulphide, melting 
at 126°5°: 
0°3454 required 20°40 c.c. of W/10-iodine for complete oxidation. 
M.W. =169°3. 
C,H,O,NS requires M.W.=169'1. 
* Any turbidity was due to the presence of disulphide, which had been formed 
by the thermal decomposition of the alkyl thiosulphate. 
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The nitrobenzyl mercaptans have faint characteristic odours, that 
of the para-compound being the least pleasant. With an alcoholic 
solution of lead acetate, the ortho- and para-compounds give an 
orange-red precipitate ; the meta- gives a primrose-yellow precipitate 
under the same conditions. 


Action of Ammonium Sulphide on p-Nitrobenzyl Chloride. 


Three c.c. of an approximately 30 per cent. ammonia solution 
were dissolved in 40 c.c. of alcohol (95 per cent.), and the solution 
was saturated with hydrogen sulphide. A warm alcoholic solution 
of 5 grams of p-nitrobenzyl chloride was added, when almost imme- 
diately needle-shaped crystals began to separate, and hydrogen 
sulphide was evolved. After five hours, the crystals (A) were col- 
lected. They were recrystallised from pyridine, and then from 
alcohol, the melting point after the recrystallisations being 155° and 


156—157° respectively : 


0°2400 gave 0°1942 BaSO,. S=11'1. 
C,\,H,,0,N.S requires S=10°5 per cent. 

The melting point and the analysis indicate that this substance 
was almost pure p-nitrobenzyl sulphide. O. Fischer gives the 
melting point as 159°. 

On the addition of hot alcohol to the mother liquor from the 
recrystallisation of the sulphide from pyridine, cream-coloured 
crystals were obtained, which melted at 115—130°. The percentage 
of sulphur in these crystals (14°8 per cent.) indicated a mixture 
of disulphide and monosulphide. (The monosulphide requires 
S=10'5, and the disulphide S=19°0 per cent.) 

On the addition of water to the mother liquor from which the 
last-mentioned solid had separated, a precipitate was obtained which 
melted at 53—55°, and consisted chiefly of p-nitrobenzyl mercaptan. 
_ After oxidation with iodine in alcoholic solution, and without 

further purification, the crystals obtained melted at 124°5°; they 
were obviously the slightly impure para-disulphide. 

After the first lot of crystals (A) had been collected, the mixture 
deposited more solid after a few days. Determinations of the 
melting point (125°) and of the sulphur content of this solid, after 
recrystallisation from a mixture of alcohol and pyridine, showed it 
to consist mainly of p-nitrobenzyl disulphide: 


0°3587 gave 0°5050 BaSO,. S=19°3. 
C,,H,,0,N,S, requires S=19°0 per cent. 


On further-keeping for a month or so, the mother liquor again 
deposited more solid, which, after recrystallisation from a mixture 
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of alcohol and pyridine, melted at 120—122°. Like the previous 
solid, this appeared to be chiefly p-nitrobenzyl disulphide: 
0°1602 gave 0°2239 BaSO,. S=19°2. 
C,,H,,0,N,8, requires S=19°0 per cent. 
The product of the interaction of ammonium sulphide and 
p-nitrobenzyl chloride is therefore evidently a mixture containing 
the disulphide, monosulphide, and mercaptan. 


We desire to express our thanks to the Research Fund Com- 
mittee of the Chemical Society for a grant which partly defrayed 
the expenses of the foregoing investigation. 
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CXC.—The Benzyl and Nitrobenzyl Selenosulphates 
and the Benzyl and Nitrobenzyl Diselenides. 


By Tuomas SiaTER Price and LioneEL ManrrepD JONES. 


Tue chief methods which have hitherto been used for the prepara- 
tion of organic diselenides are: (a) Oxidation of the seleno- 
mercaptans; (0) action of potassium diselenide on the potassium 
alkyl sulphates; (c) treatment of the monoselenide with selenium ; 
(d) action of sodium diselenide on the alkyl halides; (e) action of 
selenium on the Grignard compounds. In many cases diselenides 
are formed as by-products in the preparation of the seleno- 
mercaptans and monoselenides. (For literature see: Jackson, 
Annalen, 1875, 179, 1; Chabrié, Ann. Chim. Phys., 1890, [vi], 20, 
202; Taboury, Ann. Chim. Phys., 1908, [viii], 15, 1; Wuyts, Bull. 
Soc. chim., 1909, [iv], 5, 405; Tschugaeff, Ber., 1909, 42, 49; 
Doughty, Amer. Chem. J., 1909, 41, 326. These papers also give 
- full references to earlier work.) 

In a preliminary note (Proc., 1908, 24, 134) we have shown how 
the method employed by Price and Twiss (Trans., 1907, 91, 2021, 
and succeeding papers) for the preparation of disulphides could 
be extended to the preparation of diselenides. A solution of 
sodium selenosulphate was obtained by digesting selenium with a 
solution of sodium sulphite and filtering from the undissolved 
selenium. On adding this solution to an alcoholic solution of 
benzyl chloride, a turbid liquid was obtained, which, however, soon 
cleared when heated on a water-bath under reflux. After a short 
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time a small quantity of a yellow oil separated, which, after 
removal from the remainder of the liquid, solidified on cooling; 
this was proved to be benzyl diselenide. Further quantities of the 
diselenide could be obtained from the mother liquor, either by 
electrolysis in a divided cell, or by the addition of sodium carbonate. 

In the course of further work, an attempt was made to extend 
the above method to the preparation of the nitrobenzyl diselenides. 
It was found, however, that the solution obtained on heating 
sodium selenosulphate with p-nitrobenzyl chloride was very 
unstable. After a very short time, decomposition took place with 
the separation of much selenium, and it was only with great 
difficulty that the diselenide could be isolated. Various changes in 
the method of procedure were tried, but without success. Even 
when the heating was stopped as soon as the contents of the flask 
had become clear, and the solution rapidly cooled, decomposition 
took place after a time. The difficulty was finally overcome by 
using potassium sulphite in place of sodium sulphite. Rathke 
(J. pr. Chem., 1865, 95, 8) found that potassium selenosulphate is 
more stable in solution than the corresponding sodium salt, and 
this is apparently true for the alkyl derivatives of these salts. 

The method of procedure when potassium sulphite was used was 
similar to that already indicated with sodium sulphite. The use 
of this salt had the further result that the various potassium alkyl 
selenosulphates were readily isolated. When the turbid liquid, 
which resulted from mixing the solution of potassium seleno- 
sulphate and the alcoholic solution of the alkyl chloride, was heated 
over a flame under reflux, the contents of the flask cleared in two 
or three minutes, and, after a few minutes longer, a precipitate of 
the potassium alkyl selenosulphate began to form. The reaction 
between the potassium selenosulphate and the alkyl halide is 
complete in a very short time, and consequently the heating was 
not continued for longer than ten minutes.* At the end of that 
time the contents of the flask were rapidly cooled, with the result 
that the precipitate of the alkyl selenosulphate became much more 
bulky—at all events, in the case of the nitrobenzyl derivatives. 
This precipitate always contained some diselenide mixed with it, 
especially in the case of the benzyl compound. In our preliminary 
note we stated that this was probably formed according to the 
equation : 

2RSe-SO,°OK = R,Se, + K,80,+ 80,, 

since some sulphur dioxide was evolved at the same time, but we 
are now of the opinion that this does not represent the true course 


* Prolonged heating, even with the potassium compounds, brought about de- 
composition with the liberation of selenium, 
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of the reaction. Bunte (Ber., 1874, 7, 646) and Purgotti (Gazzetta, 
1890, 20, 25) have shown that the alkyl thiosulphates undergo 
thermal decomposition with the formation of disulphides and 
dithionate, and it has also been noticed by one of us, in conjunction 
with Mr. D. F. Twiss, that solutions of sodium benzyl thiosulphate 
become cloudy on prolonged heating, the cloudiness being caused 
by the formation of benzvl disulphide. The selenium compounds 
are less stable than the corresponding sulphur compounds, and 
consequently thermal decomposition takes place to a greater extent, 
as represented by the equation: 


2K0-SO,°SeR = R,Se, + KO-SO,°SO,°OK. 


The evolution of sulphur dioxide was only noticed in the pre- 
paration of benzyl diselenide, and then only when sodium seleno- 
sulphate was used. Its formation was probably due to hydrolysis 
of the sodium benzyl selenosulphate by water, 


R-Se-SO,:ONa+H,0 =RSeH + NaHSO,, 


and the subsequent action of the sodium hydrogen sulphate on the 
excess of sulphite present, or on the dithionate resulting from the 
thermal decomposition. 

The mother liquor remaining after the precipitate of the 
potassium alkyl selenosulphate had been collected still contained 
considerable quantities of that compound. It was not recovered as 
such, but the diselenide was prepared from it in one of two ways. 
The most general method was by the action of iodine, dissolved 
either in alcohol or in potassium iodide solution, at the ordinary 
temperature. The reaction takes place very quickly, and proceeds 
quantitatively according to the equation : 


The second method was by electrolytic reduction in a divided cell, 
after potassium hydrogen carbonate had been added to the solution 
(compare Price and Twiss, Trans., 1907, 91, 2021). It is note- 
worthy that not only could benzyl diselenide be prepared by the 
electrolytic method, but also p- and m-nitrobenzyl diselenides, 
whereas the corresponding nitrobenzyl disulphides could not be 
obtained in this way (compare Trans., 1908, 93, 1401). The 
o-nitrobenzyl diselenide could only be prepared by the iodine 
method ; electrolysis led to the deposition of selenium, no diselenide 
being formed, probably because of steric hindrance, as was pointed 
out in the case of the corresponding o-disulphide. 

All the selenium which passes into solution to form selenosulphate 
is recovered, either as the potassium alkyl selenosulphate or in the 
form of diselenide; that is, the yields obtained, as far as the 
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selenium is concerned, are quantitative. We have not investigated 
the respective yields of the alkyl selenosulphates and the diselenides. 

The melting points of the diselenides prepared are given in the 
following table, and, for comparison, those of the corresponding 
disulphides : ' 


Diselenides. Disulphides. 
I wiccnttsssininnns sevsae 92—93° 71°. 
o-Nitrobenzyl............... 103°5 109°5 
m-Nitrobenzyl ............ 106°0 103°0 
p-Nitrobenzyl ............ 107°5 126°5 


It will be seen that in the case of the diselenides the substitution 
of the benzyl by the nitrobenzyl group has a considerably less effect 
than in the disulphides, and also that the influence of the position 
of the nitro-group is not so marked. Moreover, m-nitrobenzyl 
diselenide has a higher melting point than the corresponding ortho- 
compound, whereas in the case of the disulphides the order is 
reversed. It is also noteworthy that, although the substitution of 
sulphur by selenium raises the melting point of the benzyl com- 
pounds by 21—22°, the melting point of the m-nitrobenzyl compound 
is only raised by 3°, while the melting points of the o- and pnitro- 
benzyl compounds are lowered by 6° and 19° respectively. 

The potassium nitrobenzyl selenosulphates are much more easily 
prepared than potassium benzyl selenosulphate, since they are much 
less soluble in water. In this respect they are very similar to the 
corresponding thiosulphates (Price and Twiss, Trans., 1908, 98, 
1401). All the selenosulphates and diselenides prepared are more 
or less slowly acted on by light, with the liberation of selenium. 
The benzyl compounds are the least, and the m-nitrobenzyl com- 
pounds the most stable. 


EXPERIMENTAL. 
Siace the potassium nitrobenzyl selenosulphates were isolated 
before the corresponding benzyl compounds, they will be described 
first, together with the corresponding diselenides. 


Potassium p-Nitrobenzyl Selenosulphate, KO-SO,*Se-C,H,*NO,. 


2°3 Grams of finely powdered selenium were boiled with a solution 
of 6 grams of potassium sulphite in 50 c.c. of water for three- 
quarters of an hour, and the hot solution filtered * from the small 
amount of selenium remaining undissolved ; 5 grams of p-nitrobenzyl 


* In most cases the filtrate remained clear on cooling to the ordinary tempera- 
ture, but sometimes there was a very slight precipitate of selenium, which, however, 
did not affect the further treatment with the alkyl chloride, as it immediately 
disappeared on warming. When sodium sulphite was used in the place of 
potassium ‘sulphite, much selenium was precipitated as soon as the solution was 
cooled, 
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chloride, dissolved in 50 c.c. of alcohol (95 per cent.), were then 
added, and the resulting turbid solution was heated over the free 
flame under reflux. The turbidity disappeared in a very short 
time, but after about five minutes a precipitate began to form. The 
heating was continued for ten minutes,* and then the contents 
of the flask rapidly cooled. A copious precipitate, consisting chiefly 
of potassium p-nitrobenzyl selenosulphate, but containing also small 
quantities of p-nitrobenzyl diselenide and some potassium chloride, 
sulphate, and sulphite, was thereby produced. The inorganic salts 
were eliminated by recrystallising the precipitate several times from 
95 per cent. alcohol. The traces of diselenide remaining were then 
removed by well shaking the recrystallised substance several times 
with ether, leaving the pure potassium p-nitrobenzyl selenosulphate. 

Potassium p-nitrobenzyl selenosulphate crystallises in plates, 
which are fairly soluble in water. In the bulk, the salt possesses 
a slight creamy tinge. On exposure to diffused daylight for some 
days, it is decomposed, with the liberation of selenium. The 
solution gives no precipitate with barium chloride; with sodium 
carbonate or sodum hydroxide, a yellow precipitate of the diselenide 
is produced. Hydrochloric acid gives a yellow precipitate, which 
consists of a mixture of the seleno-mercaptan and the diselenide; 
the precipitate forms slowly in the cold, but more quickly on 
warming. An alcoholic solution of iodine, or a solution of iodine in 
potassium iodide, gives an immediate precipitate of the diselenide. 

The attempts to analyse this salt by estimating the potassium as 
sulphate were not very satisfactory. When heated very gently, 
either alone or after the addition of sulphuric acid, decomposition 
took place very rapidly with the liberation of selenium, and it was 
very difficult to regulate the decomposition so that no loss of salt 
occurred. It was found that the best method of procedure was 
to heat the salt alone until decomposition was complete, and then 
treat the residue with concentrated sulphuric acid. The potassium 
sulphate so obtained did not contain any selenium: 

0°9144 gave 0°2342 K,SOQ,. K=11°49. 

C,H,O;NSKSe requires K=11°69 per cent. 

The most satisfactory method of analysis was one which depended 
on oxidation with iodine, which, as already indicated, takes place 
according to the equation: 

2K0-SO,°SeR + 2H,0 + I, = R,Se, + 2K HSO,+ 2HI. 

The method of procedure was as follows. A weighed amount of 
the salt was dissolved in water and a slight excess of iodine in 
* In the first experiment in which potassium sulphite was used, the heating was 


continued for a longer time. After about twenty minutes the contents of the flask 
suddenly became red, owing to the copious deposition of selenium. 
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potassium iodide solution added. There was an immediate pre- 
cipitate of the diselenide, and the end of the reaction was indicated 
by the rapid settling of the precipitate. The reaction was hastened 
by warming to a temperature of about 45° after the iodine had 
been added. The diselenide was collected, and well washed with 
hot water in order to remove all acid present. The iodine in the 
filtrate was then removed by careful addition of sodium thiosulphate, 
and the acid determined by titration with standard alkali. From 
the amount of acid liberated during the reaction, the percentage 
of potassium could be calculated. It was not found practicable 
to carry out the estimation by determining the amount of iodine 
used in the oxidation: 


0°7531, after oxidation, required 33°03 c.c. of 0°1366V-NaOH. 
K=11°71. 
C,H,O;NSKSe requires K=11°69 per cent. 


p-Nitrobenzyl Diselenide, (NO *C,H,*CH,).Sep. 


This was prepared from the filtrate and mother liquors obtained 
in the preparation and recrystallisation of the potassium p-nitro- 
benzyl selenosulphate. An alcoholic solution of iodine was added 
until the colour of the iodine persisted, and then water, in order 
to precipitate the last traces of diselenide from the alcoholic solution. 
The diselenide was then recrystallised from alcohol, a drop of 
sulphurous acid being added to remove any iodine. 

In one experiment the filtrate obtained in the preparation of 
potassium p-nitrobenzyl selenosulphate was electrolysed at the 
cathode in a divided cell (compare Price and Twiss, Trans., 1907, 
91, 2021), after the addition of 6 grams of potassium hydrogen 
carbonate. <A rotating cathode (area=0°5 sq. dem.) was used, and 
0°25 ampere passed for one hour, and 0°5 ampere for another hour. 
A copious precipitate of the diselenide was formed. The filtrate 
from this precipitate, on standing in the dark overnight, gave a 
deposit of selenium. This was collected, and the filtrate again 
electrolysed, but there was only a further deposit of selenium. 

It was also proved that the precipitate formed by the addition 
of sodium carbonate to an aqueous solution of potassium p-nitro- 
benzyl selenosulphate consists of the diselenide, but it is not as 
pure as that obtained by iodine oxidation or by electrolysis. 

p-Nitrobenzyl diselenide, on recrystallisation from alcohol, gives 
a felted mass of canary-yellow crystals, which melt at 107°5°. On 
exposure to diffused daylight for some days it gradually 
turns red, owing to the liberation of selenium. With alcoholic 
sodium hydroxide it gives no immediate colour in the cold, but 
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a deep red colour on warming (compare the corresponding di- 
sulphide, Trans., 1908, 98, 1401). 

The selenium was determined by the method of Frerichs (Arch. 
Pharm., 1902, 240, 656): 


0°3218 required 29°63 c.c. V/10-potassium thiocyanate. Se = 36°46. 


0°2051 gave 12°10 c.c. N, (moist) at 17° and 739 mm. N=6°62. 
C,,H,,.0,N,Se. requires Se=36'79; N=6°51 per cent. 


Potassium m-Nitrobenzyl Selenosulphate. 


This was prepared from m-nitrobenzyl chloride in a similar way 
to the corresponding para-compound, using the same quantities of 
reagents. It crystallises in colourless plates, which are fairly readily 
soluble in water, and are more readily obtained pure than the 
para-compound. Selenium is liberated on exposure to light: 


0°5137, after oxidation, required 22°51 c.c. of 0°1366N-NaOH. 
K=11°70. 
C,H,O;NSKSe requires K=11°69 per cent. 


m-Nitrobenzyl Diselenide. 


This was obtained from the m-nitrobenzyl selenosulphate by 
oxidation with iodine, in a similar manner to that already described 
' for the p-diselenide. It could also be prepared by electrolytic 
f reduction of the selenosulphate. It crystallises from alcohol in 

flat needles, which possess only a very faint yellow tinge, and melt 
at 106°. It is much more stable towards diffused daylight than 
the p-diselenide, but on prolonged exposure it gradually acquires 
a red tinge. With alcoholic sodium hydroxide it gives a red 
colour on warming: 


0°3050 required 28°55 c.c. WV /10-potassium thiocyanate, Se = 37°08. 
0°3868 gave 23°20 c.c. N, (moist) at 19°2° and 734°9 mm. N=6°62, 
C,,H,,0,N.Se, requires Se=36°79; N=6°51 per cent. 


Potassium o-Nitrobenzyl Selenosulphate. 


This is prepared in a similar manner to the para- and meta- 
compounds, and possesses similar properties. It crystallises from 
alcohol in colourless plates: 


0°4423, after oxidation, required 19°40 c.c. of 0°1366V-NaOH. 
K=11°72. 
C,H,O;NSKSe requires K=11°69 per cent. 
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o-Nitrobenzyl Diselenide. 


This was prepared from the potassium o-nitrobenzyl seleno- 
sulphate by oxidation with iodine, exactly as described for the 
para- and meta-compounds. It could not be obtained by electro- 
lytic reduction of the selenosulphate. It crystallises from alcohol 
in yellow plates, which melt at 103°5°. It is about as sensitive to 
light as the para-compound. With alcoholic sodium hydroxide, it 
gives a deep red colour on warming : 

0°2877 required 32°15 c.c. V/10-potassium thiocyanate. Se = 36°85. 

0°2116 gave 12°30 c.c. N, (moist) at 20° and 756 mm. N=6'58. 

C,,H,,0,N,Se, requires Se=36'79; N=6°51 per cent. 


Potasseum Benzyl Selenosulphate, KO-SO,*Se-CH,°C,H;. 


The solution of this substance was prepared in a similar manner 
to that used for the nitrobenzyl compounds, the quantities taken 
being 3 grams of selenium, 8 grams of potassium sulphite, 40 c.c. 
of water, and 40 c.c. of alcohol. Owing to the ready solubility of 
the salt in water, however, the quantity of precipitate which 
separated on cooling was very small; also, since potassium benzyl 
selenosulphate is much less stable than the corresponding nitro- 
benzyl salts, the precipitate contained a large proportion of the 
diselenide. In order to remove the diselenide, the solution, together 
with the precipitate, was extracted with ether. The aqueous layer 
was then evaporated to dryness over concentrated sulphuric acid 
in a vacuum, and the potassium benzyl selenosulphate extracted 
from the residue by boiling with 95 per cent. alcohol. The crystals 
which separated from the alcoholic extract on coolitig were, however, 
by no means pure. In the preparation of the potassium seleno- 
sulphate, some sulphite remains unacted on by the selenium, and 
this, to some extent, forms potassium benzylsulphonate with the 
benzyl chloride. Repeated crystallisation from alcohol is necessary 
to purify the benzyl selenosulphate from the benzyl sulphonate. 

Potassium benzyl selenosulphate crystallises in colourless plates, 
which are very readily soluble in water. On exposure to light, 
decomposition readily takes place with liberation of selenium. The 
solution gives no precipitate with barium chloride. Oxidation with 
iodine gives the diselenide, but this reaction cannot be used for 
the analysis of the salt, since the diselenide does not settle readily, 
and excess of iodine seems to facilitate decomposition, with libera- 
tion of selenium. The best method of determining the percentage 
of potassium is to decompose the salt by gentle heat—the decom- 
position does not take place violently, as in the case of the 
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nitrobenzyl compounds—and then treat the residue with concen- 
trated sulphuric acid. This method is also a good test of the 
purity of the salt. If it is quite pure, heating alone gives 
potassium sulphate, the weight of which is not altered by treatment 
with sulphuric acid, whereas, if potassium benzylsulphonate is 
present, the residue left after heating contains potassium sulphite: 


0°3024 gave 0°3189 CO, and 0°0764 H,O. C=2876; H=2°83. 
05017 ,, 0°1521 K,SO,. K=13°60. 
C;H,O,SKSe requires C=29°02; H=2°44; K=13°51 per cent. 


Benzyl Diselenide, (CgH;*CH,).Seo. 


This was prepared from potassium benzyl selenosulphate, either 
by oxidation with iodine, or by electrolytic reduction. For the first 
method, the alcoholic mother liquors obtained in the recrystal- 
lisation of the potassium benzyl selenosulphate were generally used. 
After excess of iodine had been added, the diselenide remaining 
in solution was precipitated by the addition of water. It was 
collected immediately and recrystallised from alcohol, since, as has 
already been pointed out, the presence of iodine seemed to facilitate 
the decomposition, with liberation of selenium. When recrystal- 
lising, a drop of sulphurous acid was added to remove any iodine 
present, and it was also necessary to wash the crystals well with 
water to remove any traces of hydriodic acid before they were 
dried. 

For the electrolytic method, an aqueous solution of potassium 
benzyl selenosulphate was used, the method of procedure being 
similar to that described for p-nitrobenzyl diselenide. The strength 
of current was 0°25 to 0°5 ampere. 

Benzyl diselenide crystallises from alcohol in yellow needles, which 
are slightly deeper in colour than those of p-nitrobenzyl diselenide, 
and melt at 92—93°. Jackson (Annalen, 1875, 179, 1) describes 
the crystals as lustrous, yellow plates, melting at 90°. It is possible 
that the compound he obtained was not quite pure, since we have 
found that the slightly impure crystals have properties agreeing 
with those described by Jackson, even to the melting point. This is 
especially the case when the crystals are obtained from a con- 
centrated alcoholic solution. 

Benzyl diselenide is very sensitive to light as compared with the 
nitrobenzyl compounds. An exposure of an hour or so to diffused 
daylight turns it red: 

0°2122 required 24°77 c.c. V/10-potassium thiocyanate. Se=46°2. 
C,,H,,Se, requires Se=46°5 per cent, 
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CXCI.—isoQuinoline Derwatives. Part III. The 
Oxidation of Substituted 1-Benzyltetrahydroiso- 
quinolines. 


By Frank Lee Pyman. 


Ir has long been known that narcotine and hydrastine yield, on 
oxidation with manganese dioxide and sulphuric acid, opianic acid 
and cotarnine and hydrastinine respectively. The following scheme 
represents the degradation of narcotine to cotarnine; hydrastine 
differs only from narcotine in, being devoid of the methoxy-group 
in the 8-position of the zsoquinoline ring: 


The author has recently shown (this vol., pp. 1266 and 1610) that 
laudanosine is also amenable to the same type of degradation, 
yielding 4: 5-dimethoxy-2-8-methylaminoethylbenzaldehyde and 
veratraldehyde according to the equation: 

CH, 
Meo’ \“ Nou, 
MeO 
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whilst V-benzoyltetrahydropapaverine gives rise, under similar con- 
ditions, to 6: 7-dimethoxy-3: 4-dihydroisoquinoline, veratraldehyde, 
and benzoic acid: 


CH, 


CH, 
at a” A\/\o 
MeO CH, aa a ©, 1993 + C_H,0,. 


Meo, /N-COPh 


It was thus shown that this method of oxidation is applicable 
to the cleavage, not only of l-opianyltetrahydrozsoquinolines, that 
is to say, of compounds in which the carbon atom joining the 
isoquinoline and benzene rings is already partly oxygenated, but 
also of certain 1-veratryltetrahydroisoquinolines, compounds in 
which the two rings are connected by a methylene group. 

In view of these results, it seemed desirable to apply this method 
of oxidation to a further number of substances of similar con- 
stitution to those already investigated, with the view of deter- 
mining the scope of its application in respect of the nature of the 
substituent groups. Furthermore, it seemed likely that the method 
might be capable of somewhat general application, and consequently 
of value in the elucidation of the constitution of a number of 
naturally occurring alkaloids of at present undetermined structure. 
This refers particularly to some of the rarer opium alkaloids, with 
regard to which there is strong reason to believe that they are 
substituted 1-benzyltetrahydrozsoquinolines. 

N-Lthyltetrahydropapaverme and N-propyltetrahydropapaverine, 
when oxidised with manganese dioxide and sulphuric acid, undergo 
the same type of change as does laudanosine, yielding veratraldehyde 
and 4: 5-dimethozy-2-B-ethylaminoethylbenzaldehyde (1) and 4: 5- 
dimethoxy-2-B-propylaminoethylbenzaldehyde (II) respectively ; 


these compounds and a number of derivatives, of which 
details will be found in the experimental part of this paper, 
behave similarly to the corresponding methyl homologues obtained 
from laudanosine. Further, tetrahydropapaverine, like its 
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N-benzoyl derivative, yields on oxidation 6: 7-dimethoxy-3: 4-di- 
hydroisoquinoline and veratraldehyde. It is therefore clear that 
the course of this reaction is uninfluenced by the character of the 
side-chain attached to the nitrogen atom, since this may be either 
a hydrogen atom, an alkyl or an acyl group. 

It must be remarked that up to this point, in the case of all 
those substances which have undergone the type of change instanced, 
the substituent in the 1-position has been either the opianyl (nar- 
cotine, hydrastine) or the veratryl residue (tetrahydropapaverine 
derivatives). It therefore seemed of interest to apply this oxidation 
to bases containing other groups in this position in order to 
determine whether the presence of a benzyl group was an essential 
factor. For this purpose, 1-benzylhydrocotarnine and the 1-alkyl- 
hydrocotarnines, which are readily prepared by Freund and Reitz’s 
method (Ber., 1906, 39, 2219), appeared to be suitable. 

It was found that 1-benzylhydrocotarnine (III) readily under- 
went the same type of change as in the cases previously instanced, 
yielding cotarnine (IV) and benzaldehyde: 

CH, CH, 
of Yc H, 0% vy \o H, 
CH;<p| | > CH;<) 
\ A_iMe or NHMe 
MeO CH MeO CHO 
CH,Ph 
(II) (IV.) 

On the other hand, 1-ethylhydrocotarnine (V) and 1-propylhydro- 

cotarnine (VI): 


+ C,H,O 


CH, 


ou,<of Y PRs 
N\A AiMe 
MeO CHEt MeO CHPr 
(V.) (VL) 

after oxidation under similar conditions, were to a large extent 
recovered unaltered, and cotarnine could not be isolated from the 
products of the reaction. It would, therefore, appear that the 
presence of a benzyl group in the 1-position is an essential factor 
for the cleavage under these conditions of substituted tetrahydro- 
isoquinolines containing a hydrocarbon substituent in the 1-position. 
In this connexion, it is interesting to note, however, that in certain 
cases, where there is no substituent in the 1-position, substituted 
2-alkyltetrahydrotsoquinolines readily yield the corresponding sub- 
stituted 2-8-alkylaminoethylbenzaldehydes on oxidation; thus, 
hydrocotarnine yields cotarnine, hydrohydrastinine yields hydrasti- 
nine, and it has now been found ‘that 6: 7-dimethoxy-2-methyltetra- 
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hydroisoquinoline (VII) yields 4: 5-dimethoxy-2-8-methylamino- 
ethylbenzaldehyde (VIII): 
CH, 
MeO ‘4 Now, 
N/a 
GH, 
(VII.) (VIII.) 

The formation of cotarnine in this manner led Freund and Beck 
(Ber., 1904, 37, 1942) to attempt the preparation of 2-8-methyl- 
aminoethylbenzaldehyde by the oxidation of 2-methyltetrahydro- 
isoquinoline; they did not, however, obtain this compound, but a 
higher oxidation product, 1: 3: 4-triketo-2-methyltetrahydroiso- 
quinoline. 

In view of the general nature of the results obtained by the 
oxidation of 1-benzyltetrahydroisoquinolines, it appeared probable, 
however, that 2-8-methylaminoethylbenzaldehyde (IX) would be 
obtained, together with benzaldehyde, on the oxidation of 1-benzyl- 
2-methyltetrahydrozsoquinoline (X), and this proved to be the case: 


CH-CH,Ph 
(X.) 

The latter reaction is of special interest, since 1-benzyl-2-methy]l- 
tetrahydroisoquinoline, which has recently been described by 
Freund and Bode (Ber., 1909, 42, 1763), is the parent substance of 
a number of alkaloids, for instance, narcotine, hydrastine, and 
laudanosine, whilst 2-8-methylaminoethylbenzaldehyde is the parent 
substance of their degradation products, cotarnine, hydrastinine, 
and 4: 5-dimethoxy-2-8-methylaminoethylbenzaldehyde respectively. 

2-8-Methylaminoethylbenzaldehyde possesses properties, for the 
most part, similar to those of the alkyloxy-substituted 2-8-methyl- 
aminoethylbenzaldehydes ; for instance, it readily yields an acetone 
condensation product (XI or XII; compare this vol., p. 1268), and 


\\cH,-CH,-NHMe NHMe-CH,-CH,/ » 


| lon=cH co CHocH. | 
be pet a os 


CH, CH, 
“\/Non, a0” 


| 
\/\/NMe  MeN\N A, // 
CH-CH,-CO-CH,-CH 
(XII.) 
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forms salts of 2-methyl-3 : 4-dihydroisoquinolinium hydroxide (XIII) 
by substitution ; further, aqueous solutions of its salts yield, with 
potassium cyanide, 1-cyano-2-methyltetrahydroisoquinoline (XIV), 
a compound insoluble in water, but soluble in ether: 
CH, 
oH, /V\ou, 
JNMe'0H /NMe 
CH CH-CN 
(XIII) (XIV.) 
2-B-Methylaminoethylbenzaldehyde is, however, a weaker base 
than the corresponding alkyloxy-substituted derivatives, for it can 
be slowly extracted by solvents from aqueous solutions after the 
addition of sodium carbonate, although much more readily after 
the addition of sodium hydroxide, whereas the alkyloxy-substituted 
bases can only be extracted after the addition of the latter. Its 
salts, the 2-methyl-3: 4-dihydrozsoquinolinium salts, differ in an 
interesting particular from the alkyloxy-substituted 2-methyl- 
3: 4-dihydrotsoquinolinium salts, for the chloride is colourless, and 
the aurichloride golden, whilst in the latter salts the chlorides are 
primrose and the aurichlorides brown. 

2-Methyl-3: 4-dihydrotsoquinolinium iodide is bright yellow, but 
yields a colourless, aqueous solution, behaving in this respect like 
many other substituted ammonium iodides (compare Decker, Ber., 
1904, 87, 3938). 

It has previously been observed that W-benzoyl-1: 2-dihydro- 
papaverine does not undergo the same type of change on oxidation 
as does V-benzoyltetrahydropapaverine, and it has now been found 
that 1: 2-dihydropapaverine is similarly stable. 

The evidence afforded by the results of the oxidation -of sub- 
stituted tetrahydrozsoquinolines given in this and the two preceding 
papers appears to justify the following general conclusions. 

1. That substituted 1-benzyltetrahydrozsoquinolines suffer oxida- 
tion and fission simultaneously under the influence of hot dilute 
sulphuric acid and manganese dioxide, yielding the aldehyde 
corresponding with the substituted benzyl group, and a basic 
degradation product. 

2. That in the case of substituted 1-benzyl-2-alkyltetrahydroiso- 
quinolines (XV), the basic product is a substituted 2-8-alkylamino- 
ethylbenzaldehyde (XVI), which yields salts of the corresponding 
2-alkyl-3: 4-dihydrozsoquinolinium hydroxide (XVII). 

3. That in the case of substituted 1-benzyl-2-acyltetrahydroiso- 
quinolines, and 1-benzyltetrahydroisoquinolines containing a free 
imino-group (XVIII), the basic product is a substituted 3: 4-di- 
hydroisoquinoline (XIX): 
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(XVII.) 

2 7 OH, 
A\/\coH | -H,O _/“\/\oH 
2 —- | T 2 


\/A\EZS 
CH 


l 
(XVIIL) (XIX.) 


4. That substituted 1-alkyltetrahydrozsoquinolines do not undergo 
this reaction. 


In conclusion, the following short account of the physiological 
properties of certain isoquinoline derivatives described above or 
in the preceding papers may be of interest. The physiological 
examination of these compounds has been carried out by 
Dr. H. H. Dale and Mr. P. P. Laidlaw, of the Wellcome 
Physiological Research Laboratories, to whom the author wishes 
to express his best thanks. 

6: 7-Dimethoxy-2-methyl-3 : 4-dihydrotsoquinolinium chloride (A), 
6: 7-dimethoxy-2-ethyl-3: 4-dihydrozsoquinolinium chloride (B), 
2-methyl-3: 4-dihydroisoquinolinium iodide (C), and 6: 7-di- 
methoxy-2-methyltetrahydrozsoquinoline hydrochloride (D), all have 
an action on the isolated uterus similar to that of cotarnine. 
6: 7-Dimethoxy-3: 4-dihydrotsoquinoline hydrochloride (E) has very 
little action in this respect. 

In their action on the blood-pressure, “B” and ‘““D” are most 
like cotarnine, causing a fall, succeeded by a very slight rise. 
“A” causes a distinct rise of pressure, due to vaso-constriction. 
It is uncertain as yet whether this vaso-constriction is central or 
peripheral in origin, but the probability is in favour of the former. 
It renders the heart-beat at the same time slower and stronger. 
This last action is definitely peripheral, as it can be observed in 
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the isolated, perfused heart. ‘“E” is more depressant than any 
of the others, causing a marked weakening of the heart’s action. 
“C” is peculiar in the group, in that it causes, in doses of 10 to 
20 milligrams, a marked rise of blood-pressure superficially similar 
to that produced by adrenine. Whether the action is really of 
that kind cannot be decided without further experiment. 

The general toxicity of these compounds has been also investi- 
gated. “A” and “B” act in this respect much like cotarnine, 
but are more toxic, “A” being about one and a-half times and 
“B” twice as toxic as cotarnine for the guinea-pig. “D” and 
“EE” are convulsant poisons, and, of the two, “D” causes the 
more marked convulsions, but ‘ E”’ is lethal in smaller doses. 


EXPERIMENTAL. 
N-Ethyltetrahydropapaverine, Cy.H ,0,N. 


One hundred grams of papaverine, 50 grams of ethyl iodide, and 
250 grams of absolute alcohol were boiled on the water-bath for ten 
hours under a reflux condenser. The solvents were then distilled 
off, and left a bright yellow, crystalline mass of crude papaverine 
ethiodide, which melted at 180—200°. Without further purifica- 
tion, this was dissolved in 1°7 litres of boiling water, and stirred 
for fifteen minutes with 47 grams of freshly precipitated silver 
chloride. After filtration, the liquor was concentrated to a thick 
syrup, which was then mixed with 400 c.c. of concentrated hydro- 
chloric acid and 400 c.c. of alcohol, and digested on the water-bath 
with 200 grams of tin for sixteen hours. The liquor was next 
decanted from undissolved tin, evaporated to remove the alcohol, 
and then diluted with water. This caused the separation of a 
putty-like tin salt, which was collected, dissolved in 3 litres of 
boiling water, and decomposed by a stream of hydrogen sulphide. 
The liquor was then filtered, cooled, and mixed with an excess of 
10 per cent. aqueous sodium hydroxide. The base, which first 
separated as an oil, readily became crystalline, and was collected 
and well washed with cold water; the yield amounted to 66 grams, 
that is, 60 per cent. of the theoretical. 

N-Ethyltetrahydropapaverine crystallises from absolute alcohol 
in white, fluffy needles, which melt at 89° (corr.). It is insoluble 
in water, and somewhat sparingly soluble in cold alcohol: 

0°1582 gave 0°4102 CO, and 0°1105 H,O. C=70°'7; H=7°'8. 

01421 ,, 47 cc. N, at 17° and 762 mm. N=3°9. 

CosHO,N requires C=71:1; H=7'9; N=3'8 per cent. 
The picrate crystallises from alcohol in yellow, monoclinic prisms 
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with a macrodome, and melts at 167—170° (corr.). It is anhydrous, 
and is sparingly soluble in water or cold alcohol: 
0°1543 gave 0°3166 CO, and 0°0778 H,O. C=56°0; H=5°7. 
071423 ,, 11:0 cc. N, at 19° and 770 mm. N=9°2. 
Co9H0,N,C,H,0,N, requires C=56°0; H=5'4; N=9°3 per cent. 


4: 5-Dimethozy-2-B-ethylaminoethylbenzaldehyde (I, p. 1739). 


This base was prepared by the oxidation of NV-ethyltetrahydro- 
papaverine. Since the method employed was precisely similar to 
that used for the preparation of 4: 5-dimethoxy-2-8-methylamino- 
ethylbenzaldehyde from laudanosine, a detailed description of it is 
unnecessary. 

Sixty grams of W-ethyltetrahydropapaverine gave, on oxidation 
with 36 grams of pyrolusite, containing 80 per cent. of manganese 
dioxide, in dilute sulphuric acid solution, 28 grams of 6: 7-di- 
methoxy-2-ethyl-3 : 4-dihydrozsoquinolinium chloride, that is, 59 per 
cent. of the theoretical. 

The base separates as an oil on the addition of 50 per cent. 
aqueous sodium hydroxide to a concentrated aqueous solution of 
the chloride, but has not been obtained in a crystalline form. It 
combines with acids, forming salts by substitution of the isomeric 
6: 7-dimethoxy-2-ethyl-3: 4-dihydroisoquinolinium hydrozide. 

The chloride crystallises from a mixture of one part of absolute 
alcohol and 9 parts of absolute ethyl acetate in bunches of broad, 
yellow, glistening needles, which contain 2 molecules of water of 
crystallisation, and melt at 91—92° (corr.). After drying at 100°, 
this salt decomposes at about 190° (corr.). It is easily soluble in 
water or alcohol, giving neutral yellow solutions, which show a 
beautiful blue fluorescence when sufficiently diluted: 


0°1797, air-dried salt, gave 0°3510 CO, and 0°1218 H,O. C=53°3; 
H=7°6. 

0°6511, air-dried salt, lost 0°0812 at 100°. H,O=12°5. 

C,3H,g,0,.NC1,2H,O requires C=53°5; H=76; H,O=12'4 per cent. 

0°1590, dried at 100°, gave 0°3557 CO, and 01018 H,O. C=61°0; 
‘H=7°2. 

0°1421, dried at 100°, gave 0°0809 AgCl. Cl=14°1. 

C,3H,;,0,NCl requires C=61:°0; H=7:1; Cl=13°9 per cent. 


The aurichloride crystallises from absolute alcohol in chestnut- 
brown, serrated needles, which melt at 138—139° (corr.). It is 
anhydrous, and is very sparingly soluble in water or cold alcohol: 

0°1865 gave 0°0658 Au. Au=35'3. 

C,3H,,0,NCl,Au requires Au=35'3 per cent. 
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The picrate crystallises from alcohol in hard, yellow, glistening 
rods, which melt at 139—140° (corr.). 

4: 5-Dimethoxy-2-8-ethylaminoethylbenzaldehyde behaves simi- 
larly to its methyl homologue; thus, it is converted into 1-keto- 
6: 7-dimethoxy-2-ethyltetrahydroisoquinoline and 6: 7-dimethoxy- 
2-ethyltetrahydroisoquinoline by the action of hot aqueous sodium 
hydroxide, and yields bis-(4: 5-dimethoxy-2-8-ethylaminoethy- 
benzylidene)acetone when dissolved in dilute aqueous sodium 
hydroxide and mixed with acetone. 


1-Keto-6: 7-dimethory-2-ethyltetrahydroisoquinoline, C,3H,,03,N. 


This compound crystallises from a mixture of xylene and light 
petroleum in large, colourless, monoclinic plates, which melt at 95° 
.(corr.). Its solubilities and chemical properties are similar to those 
of the methyl homoiogue: 

0°1517 gave 0°3703 CO, and 0°0994 H,O. C=665; H=7°3. 

071580 ,, 83c.c. N, at 14° and 752mm. N=6:2. 

C,3H,,0O,N requires C=66°3; H=7'3; N=6°0 per cent. 


6: 7-Dimethozy-2-ethyltetrahydroisoguinoline, C,3H,gO.N. 


This compound is purified by crystallisation of the hydrochloride, 
regeneration from the pure salt, and distillation under diminished 
pressure.* It distils at 218°(corr.)/37 mm. as a colourless oil, 
which slowly solidifies. On crystallisation from light petroleum, 
this base separates in clusters of prismatic needles, which melt at 
34—35° (corr.). It is readily soluble in cold water, but very 
sparingly so in boiling water, and is very easily soluble in all the 
usual organic solvents at the ordinary temperature, but sparingly so 
in light petroleum at 0°: 

0°1546 gave 0°3979 CO, and 0°1206 H,O. C=70°2; H=8°7. 

C,3;H,,0,.N requires C=70°5; H=8'7 per cent. 

The hydrochloride crystallises from moist ethyl acetate in short, 
white needles, which are anhydrous, and melt at 237—239° (corr.). 
It is readily soluble in water or alcohol: 

0°1474 gave 0°3260 CO, and 0:1048 H,O. C=60°3; H=8°0. 

071485 ,, 0°0819 AgCl. Cl=13°7. 

C,3H},0,.N,HCl requires C=60°5; H=7'8; Cl=13°8 per cent. 

* 6: 7-Dimethoxy-2-methyltctrahydroisoquinoline distils at 210°(corr. )/40 mm. ; 
this base is readily oxidised to 4: 5-dimethoxy-2-8-methylaminoethylbenzaldehyde 
by cold dilute chromic acid. 
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Bis-(4: 5-dimethoxy-2-B-ethylaminoethylb enzylidene)acetone, 
Cop H oO5No. 


The base was obtained as a colourless oil, which did not crystallise. 
The dihydrochloride separates as a white, crystalline powder when 
a solution of the base in acetone is neutralised with concentrated 
hydrochloric acid, and has been obtained in two hydrated forms 
with 1 and 24 molecular proportions of water of crystallisation. 
It readily yields 6: 7-dimethoxy-2-ethyl-3: 4-dihydrozsoquinolinium 
chloride when heated with water, but on dissolving it quickly in 
boiling water and cooling immediately, a small proportion separates 
again as a crystalline powder, which decomposes, becoming orange 
in colour at about 197° (corr.). It is very sparingly soluble in 
cold water or alcohol: 

0°5368, air-dried, lost 0°0149 at 100°. H,O=2°8. 

0°2377 ~ » 0°0183 ,, 100°. H,O=7°7. 

Co9H490;N>,2HC1,H,O requires H,O=3'1 per cent. 
Co9H yp0;N2,2HC1,2$H,O » HMO=nT3d , 
0°1612, dried at 100°, gave 0°3593 CO, and 0°1091 H,O. C=60°8; 
H=7°6. 

0°3503, dried at 100°, gave 0°1731 AgCl. Cl=12°2. 

Co9HyO;N.,2HCl requires C=61:1; H=7°4; Cl=12°4 per cent. 

The following propyl derivatives were prepared in the same 
manner as the corresponding ethyl homologues. 


N-Propyltetrahydropapaverine, Co3H,,0,N. 


This base was obtained in an amorphous form by the reduction 
of papaverine propochloride. 

The picrate crystallises from absolute alcohol in large, irregular, 
yellow prisms, which melt at 122—125° (corr.). It is anhydrous, 
and is sparingly soluble in water or cold alcohol: 

0°1509 gave 0°3117 CO, and 0°0751 H,O. C=56'3; H=5°6. 

C,3H;,0,N,C,H,0,N, requires C=56°6; H=5°6 per cent. 


4: 5-Dimethoxy-2-B-propylaminoethylbenzaldehyde (II, p. 1739). 


This base was prepared by the oxidation of V-propyltetrahydro- 
papaverine; it separates as an oil on the addition of 50 per cent. 
aqueous sodium hydroxide to a concentrated solution of the 
chloride, but has not been obtained in a crystalline form. It 
combines with acids, forming salts by substitution of the 
corresponding 6: 7-dimethoxy-2-propyl-3 : 4-dihydroisoquinolinium 
hydroxide. 
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The chloride crystallises from a mixture of 1 part of absolute 
alcohol and 9 parts of ethyl acetate in clusters of small, primrose 
needles, which melt at 78—79° (corr.). It is easily soluble in 
water, giving a yellow solution, which shows a blue fluorescence 
when diluted. This salt contains 2 molecules of water of crystal- 
lisation, and is gradually converted into an amorphous, deliquescent 
gum on partial dehydration either in a vacuum over sulphuric acid 
or on heating: 

0°1568, air-dried salt, gave 0°3122 CO, and 0°1099 H,O. C=54°3; 

H=7°9. 

0°1768, air-dried salt, gave 0°0826 AgCl. Cl=11°6. 
C,4H,0,NC1,2H,O requires C=54:°9; H=7°9; Cl=11°6 per cent. 

The picrate crystallises from alcohol in beautiful, long, deep yellow 
needles, which begin to sinter at 146° and melt at 148—149° (corr.). 
This salt is anhydrous, and is very sparingly soluble in water and 
sparingly so in cold alcohol: 

0°1543 gave 0°2916 CO, and 0°0662 H,O. C=51'5; H=4°'8. 

CoH..0,N, requires C=51'°9; H=4'8 per cent. 


1-Keto-6: 7-dimethoxy-2-propyltetrahydroisoquinoline, C,4H,,0O3N. 


This compound crystallises from a mixture of benzene and light 


petroleum in large, colourless, oblong, monoclinic plates, which 
begin to soften at 75°, and melt at 77° (corr.). It is easily soluble 
in water and the usual organic solvents, with the exception of light 
petroleum : 
0°1515 gave 0°3727 CO, and 0°1042 H,O. C=67'1; H=7°7. 
C,,H,gO,;N requires C=67'4; H=77 per cent. 


6: 7-Dimethozy-2-propyltetrahydroisoguinoline, C,4H,,O.N. 


This base was obtained as a pale yellow oil which did not 
crystallise on keeping. 

The hydrochloride crystallises from aqueous acetone in microscopic, 
fluffy needles, which melt to a yellow liquid at 224° (corr.). This 
salt is easily soluble in water, but sparingly so in cold alcohol. It 
contains half a molecular proportion of water of crystallisation, 
which is not entirely iost at 150°: 

0°1534, air-dried salt, gave 0°3379 CO, and 0°1129 H,O. C=60'1; 

H=8:2. 

0°1805, air-dried salt, gave 0°0940 AgCl. Cl=12°9. 

C,,H,,0.N,HCI,3H,O requires C=59°8; H=8'3; Cl=12°6 per cent. 
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Oxidation of 1-Benzyl-2-methyltetrahydroisoquinoline. 


Eighteen grams of 1-benzyl-2-methyltetrahydroisoquinoline were 
dissolved in a mixture of 35 grams of concentrated sulphuric acid 
and 250 c.c. of water, and well stirred with 16°6 grams of pyrolusite, 
containing 80 per cent. of manganese dioxide, for three-quarters of 
an hour on a steam-bath. The mixture was then distilled in a 
current of steam, and the resulting distillate extracted with ether, 
which removed 3°3 grams of benzaldehyde; this was recognised 
by its characteristic odour, and by the formation of the phenyl- 
hydrazone, which melted at 158—160° (corr.). The residual liquor 
from the steam distillation was filtered from a quantity—perhaps 
2 grams—of resinous matter, extracted with ether, which removed 
1:0 gram of yellow oil, containing some benzaldehyde, rendered 
alkaline with sodium carbonate, and again extracted with ether, 
which removed a crystalline basic compound rather slowly. Sodium 
hydroxide solution was then added, and the extraction continued, 
when the same crystalline base was readily extracted. The ethereal 
residues from both extractions were evaporated to low bulk, and 
then allowed to evaporate to dryness spontaneously, when in each 
case the residue consisted of colourless prisms covered with a brown 
oil. On stirring the residues with acetone and filtering, the crystals 


of 2-8-methylaminoethylbenzaldehyde were obtained in an almost 
pure condition; the yield amounted to 5°6 grams, that is, 45 per 
cent. of the theoretical. 

No further quantity of crystalline material could be obtained 
from the acetone liquors, either in the form of the base or that 
of a salt. 


2-B-M ethylaminoethylbenzaldehyde (1X, p. 1741). 


This base crystallises from ether, acetone, or benzene in beautiful, 
colourless prisms, which melt at 110—111° (corr.). It is very 
sparingly soluble in water or light petroleum, sparingly so in cold 
acetone, fairly easily so in ether or benzene, and readily so in 
alcohol, ethyl acetate, or chloroform : 

0°1508 gave 0°4076 CO, and 0°1082 H,O. C=73°7; H=8°0. 

0°1506 ,, 111 cc. N, at 24° and 756 mm. N=8'4. 

C,)>H,,ON requires C=73°6; H=81; N=8'6 per cent. 

The base is readily soluble in dilute acids, forming salts derived by 
substitution from the isomeric 2-methyl-3: 4-dihydroisoquinolinium 
hydroxide. 

The chloride forms colourless crystals, which are very deliquescent, 
and are readily soluble in water or alcohol, but insoluble in acetone, 
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The iodide crystallises from absolute alcohol in long, bright yellow 
needles, which become orange, and begin to soften at about 115°, 
and melt at 125—128° (corr.) to a red liquid. This salt is 
anhydrous, and is easily soluble in water, giving a colourless, 
neutral solution, but rather sparingly so in alcohol: 

0°1527 gave 0°2459 CO, and 0°0605 H,O. C=43'9; H=4°4. 

CyoH;,NI requires C=43'°9; H=4°4 per cent. 

The aurichloride crystallises from absolute alcohol in bright 
golden, feathery needles, which melt at 145° (corr.). It is very 
sparingly soluble in water or cold alcohol, and is anhydrous: 

0°1822 gave 0°1672 CO, and 0°0435 H,O. C=25°0; H=2°7. 

0°2180 ,, 0°0888 Au. Au=40°7. 
CyoH,,.NCl,Au requires C= 24'7; H=2°5; Au=40°6 per cent. 

The picrate crystallises from alcohol in fine, silky, yellow needles, 
which melt at 145° (corr.), after previous sintering. It is sparingly 
soluble in water or cold alcohol: 

0°1383 gave 0°2588 CO, and 0°0470 H,O. C=51'°0; H=3°'8. 

C,¢H,,0,N, requires C=51°3; H=3°8 per cent. 


1-Cyano-2-methyltetrahydroisoguinoline (XIV, p. 1742). 


This compound separates on the addition of potassium cyanide 
to an aqueous solution of 2-methyl-3: 4-dihydroisoquinolinium iodide 
as an amorphous, white precipitate, which quickly becomes crystal- 
line. After crystallisation from ether, it forms long, flat needles, 
which melt at 77—78° (corr.). This compound is almost insoluble 
in water, but readily soluble in alcohol or ether: 

0°1500 gave 0°4197 CO, and 0°0942 H,O. C=763; H=7°0. 

C,,H,.N, requires C=76'7; H=7'0 per cent. 


Bis-(2-B-methylaminoethylbenzylidene)acetone (XI or XII, p. 1741). 


This base separates as a colourless oil on the addition of acetone 
and aqueous sodium hydroxide to an aqueous solution of 2-methy]l- 
8: 4-dihydrotsoquinolinium chloride. It becomes crystalline on 
keeping, and, after recrystallisation from dry ether, forms colourless, 
silky needles, which melt at 105—106° (corr.), and are anhydrous. 
This base is insoluble in water, easily soluble in alcohol, and 
moderately easily so in ether: 

0°1440 gave 0°4178 CO, and 0°'1089 H,O. C=79'1; H=8°5. 

C.3H.gON, requires C=79'2; H=8'1 per cent. 

The dihydriodide separates in clusters of white, feathery needles 

on neutralising an acetone solution of the base with hydriodic acid. 


PYMAN! ISOQUINOLINE DERIVATIVES. PART III. 1751 


This salt decomposes, and becomes orange at about 180° (corr.). 
It is anhydrous, and is very sparingly soluble in water or alcohol: 
0°1571 gave 0°2619 CO, and 0°0724 H,O. C=45°5; H=5'2. 
C.3H,,ON,,2HI requires C=45°7; H=5°'0 per cent. 


Oxidation of 1-Benzylhydrocotarnine. 


Ten grams of 1-benzylhydrocotarnine, 20 grams of sulphuric acid, 
and 150 c.c. of water were heated for half an hour on the water-bath 
with 7 grams of pyrolusite, containing 80 per cent. of manganese 
dioxide ; the reaction product was worked up in the usual manner, 
and gave 2°7 grams of cotarnine, that is, 35 per cent. of the 
theoretical. 


Oxidation of 1-Propylhydrocotarnine. 


Seven grams of 1-propylhydrocotarnine, 20 grams of sulphuric 
acid, and 150 c.c. of water were heated for one hour on the water- 
bath with 5°8 grams of pyrolusite, containing 80 per cent. of 
manganese dioxide. The product was extracted with ether, which 
removed 0°1 gram of brown, resinous matter, and mixed with solid 
potassium iodide, which caused the precipitation of 4°5 grams of 
crude 1-propylhydrocotarnine hydriodide; this was removed by 
filtration, and the liquor rendered alkaline by sodium carbonate, 
when a quantity of resinous matter separated, together with the 
manganese carbonate. After filtration, the liquor was extracted 
with ether, which removed 0°25 gram of a brown oil, from which 
a further small quantity of crystalline 1-propylhydrocotarnine 
hydriodide was obtained. The final mother liquor was mixed with 
aqueous sodium hydroxide and again extracted with ether, which 
removed only 0°25 gram of a brown gum, from which no crystalline 
material could be obtained. 

It is, therefore, clear that under these conditions a large pro- 
portion of the 1-propylhydrocotarnine escapes oxidation, and that 
no cotarnine is formed. 


Oxidation of 1-Fthylhydrocotarnine. 


Seventeen grams of 1-ethylhydrocotarnine were heated for three- 
quarters of an hour on the water-bath with 50 grams of sulphuric 
acid, 400 c.c. of water, and 15 grams of pyrolusite, containing 80 per 
cent. of manganese dioxide; more than 10 grams of unchanged 
l-ethylhydrocotarnine were recovered from ‘the product of the 
reaction, but no cotarnine was obtained. 


MOIR: A METHOD OF HARMONISING 


Oxidation of Tetrahydropapaverine. 


Thirty grams of tetrahydropapaverine were oxidised with 60 grams 
of sulphuric acid, 500 c.c. of water, and 20 grams of pyrolusite, 
containing 80 per cent. of manganese dioxide. The product was 
worked up in the same way as that from N-benzoyltetrahydro- 
papaverine, and gave 13 grams of a brown liquid base, liberated by 
sodium carbonate. On dissolving this in acetone and neutralising 
with hydrochloric acid, 8 grams of 6: 7-dimethoxy-3: 4-dihydro- 
isoquinoline hydrochloride were obtained. 


Oxidation of 1: 2-Dihydropapaverine. 


Eight grams of 1: 2-dihydropapaverine, 16 grams of sulphuric 
acid, 120 c.c. of water, and 5 grams of pyrolusite were heated for 
three-quarters of an hour on the water-bath; the liquor deposited, 
on cooling, a quantity of crystalline 1: 2-dihydropapaverine 
hydrogen sulphate, which yielded 5°6 grams of 1: 2-dihydro- 
papaverine. On working up the mother liquor in the usual manner, 
further small quantities of the same base were obtained, but no 
crystalline degradation product could be isolated. 


Tak WELLCOME CHEMICAL WoRES, 
DartTForD, KENT. 


CXCIL—A Method of Harmonising the Atomic Weights. 
By James Morr, D.Sc., M.A. 


Tue idea now to be presented occurred to the author eighteen months 
ago, but as it gave an incorrect result when applied to carbon as 12°00 
(O=16), it was not pursued farther. ‘The recent determinations, how- 
ever, of Dr. A. Scott give a value in agreement with the theory, and 
the author ventures therefore to put it forward in a new form as 
modified by the appearance of A. Egerton’s paper (this vol., 238). 
Briefly, the author assumes the cause of valency, at all events the 
fundamental valency of each element, to be the presence, in varying 
numbers, of a sub-element of atomic weigbt }, (probably eight or 
nine electrons *), practically in the same way as Sir W. Ramsay assumes 
the electron to behave. If this be denoted by pu, then the univalent 
elements contain lp, the bivalent 2u, the tervalent 34, and soon. In 
addition, the author conceives the main bulk of the mass of the 
elements to be due to polymerisation of an entity consisting of the 


hydrogen atom. less the aggregation ». Denoting this by H, we have 
* Fifteen, according to the recent redetermination of the electron as 0°00060, 
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for example: H=H+p; Li=7H+p; C=12H+4u; O=16H+2p; 


Ne=20H; Na=23H+p; Ag=108H+pm; Os=133H+p. The 
elements which do not agree with this system are probably not direct 


polymerides of H; but their atomic weights can practically all be 
expressed in the above way, by having recourse to a fraction of one 
decimal place exactly. This assumes the existence of another sub- 
element of exactly one-tenth the weight of hydrogen. Thus, for 


example: Gl=91H+2u; Mg=243H+2u; Si=283H +4y; 


Cr=521H +6; Cl=355H+ yn; Ba=1375H + 2u, and so on. 
Although this system savours of manipulation, it will be found that 
the results calculated by it agree in a most remarkable way with the 
experimental values. 

It should be noted by the way that most of the agreement found by 
Egerton in his calculations is due to mathematical necessity, for when 
a number, say N, is divided by 1°0078, the true result is (1 — 0:0078 + 
0:00006), that is, the error in assuming it to be V-0:0078N does not 
affect the third place of decimals unless WV is large. The values in 
column V (H=1) on p. 239 of his paper have been calculated from 
NV/1:0078, except, curiously enough, in the case of oxygen, where 


N(1-0°0078) has been used; this value should therefore (to be 


consistent) be 15°8763. 
The following table exhibits the author’s results; and column IV, 


TABLE 


II. III. IV. 
Natural formula Calculated 
(H taken Formula atomic weight 
equal to 1). x 112. O=16-000 
113 1°0078 
448 3°9955 
785 70011 
1021 9°106 
1235 11°014 
1348 12°022 
1571 14°011 
1794 16 000 
2129 18°988 
2240 19°978 
2577 22°984 
2724 24°295 
3038 27°095 
3174 28°308 
3475 30°993 
8597 32°080 
3977 35°4695 
4480 39°957 
4380 39064 
4493 40°072 
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TABLE (continued). 


I. II. 
Natural formula 
(H taken 
Symbol. equal to 1). 
— rr 44°} +3 
ee salacuantens 48°1+4yu 
W cddadeccdesesss §1°24-5u 
rR §2°1+6u 
PUD ddtcccceaaes 55 +2u 
ED i dnamsiwndin 55°9+2u 
SE oSvecasd dee 58°7+2u 
PW cdecicoadacs 59 +2 
Len 63°6+2u 
MIE: saasbicddaes 65°4+2u 
___ rare 70 +3 
DO hcsiccsscecs 72°5+4u 
Me éccnanenoues 75 +2 
ae 79°3+2u 
MN” Vindbicoxcts 80 + 4p 
ORD \deinenneseas 83 
Se 855+ uw 
EP dieneniianer 87'°7+2u 
OE dcdasndsddssdes 89 +3u 
| ee 90°6 + 4u 
ME. -cansecaconsd 93°6 + 5u 
Me oicsssccesse 96 +6u 
BI  idtainasaduasie 101°8+8u 
ew 103 +8 
aw 106°8+2u 
Ag 108 +4 
eee 112°5+2yu 
TE “nedbcdtrenia 115 +3 
BN cccccsccocee LID +4p 
BD icccccecscee 29084En 
TO sscsseseccss 25s O +2 
© db ccasecasaess 127 +4 
Di ditidsceincde: Gee 
xcs anctvckeies 133 + 4 
ee 137°56+2yu 
MIN: etindnerdoes 139 +3 
RD éssecinsegin 140°3+3u 
Pr 140°7 +3 
TE ccausvcdente 144°5+3u 
Re. enpanarewese 150°5+3u 
TN dnteinsdaese 152 +3 
re 172 +3y 
, 9 eee 181 +5p 
TE cedtanevnes 184 +6u 
EEE 191 +8 
De ctixiansiaies 193°3+8u 
ree 195'2+ 4 
UN <dkkiensances 197°44+3u 
[a 200°2+2u 
. eee 204°2+ wu 
eee 207°3 + 2u 
Bi 208°3 + 3u 
Ra 226 +2u 
Th 233 +4u 


III. IV. 
Calculated 
Formula atomic weight 
x 112. O=16°000 
4942 44°08 
5391 48°08 
5739 51°19 
5841 52°094 
6162 54°956 
6263 55°858 
6576 58°65 
6610 58°95 
7125 63°546 
7327 65°347 
7843 69°95 
8124 72°46 
8403 74°95 
8884 79°23 
8961 79°920 
9296 82°91 
9577 85°415 
9824 87°617 
9971 88°93 
10151 90°53 
10488 93°54 
10758 95°95 
11410 101°76 
11544 102°96 
11964 106°70 
12097 107889 
12602 112°40 
12883 114°90 
13332 118°905 
13477 120°20 
14293 127°48 
14225 126°87 
14560 129°86 
14897 132°86 
15402 137 °366 
15571 138°87 
15717 140°175 
15762 140°58 
16187 144°37 
16859 150°36 
17027 151°86 
19267 171°84 
20277 180°845 
20614 183°850 
21400 190°86 
21658 193°16 
21866 195°01 
22112 197°21 
22424 200-00 
22871 203°99 
23220 207°10 
23333 208°11 
25314 225°77 
26100 232°78 
26774 238 °80 


Vv. 


Error. 
0°02 
0°02 

¢ 


0°026 
nil 
0 03 


' 
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wherein the atomic weights are reduced to O=16 from column II 
where O= 16-018, shows a very close approximation to the accepted 
atomic weights. 

The system therefore does not break down, as does Egerton’s, in the 
case of any of the well-ascertained atomic weights; and the author 
hopes that it will evoke interest, even if only as a curiosity of 
coincidences. 


MINES DEPARTMENT, 
JOHANNESBURG, 


CXCIII.— The Constitution of Polynitrophenols in 
Alkaline Solution. 


By Bertram HawarpD ButTt_e and Joun THEopore Hewitt. 


THE suggestion thrown out years ago by Armstrong that the colour 
of the salts of the nitrophenols can be best explained by assigning 
to them a quinonoid constitution has received considerable support 
during the past few years, and probably the number of chemists who 
disagree with the view that ortho- and para-nitrophenols and their 
metallic salts have radically different constitutions is very limited, 
the markedly different absorption spectra of these compounds in 
neutral (or acid) and alkaline solutions (Baly, Edwards, and 
Stewart, Trans., 1906, 89, 519, 521), and the isolation of aet-esters 
by Hantzsch and Gorke (Ber., 1906, 39, 1073; compare Kauffmann, 
Ber., 1907, 40, 843, 4547, and Hantzsch, ibid., 1906, 39, 1959, 
and 1907, 40, 1556), being scarcely capable of any other inter- 
pretation. 

To the authors of the present communication the question of 
the absorption spectra of these compounds has been of considerable 
interest as giving an example of the dependence of oscillation 
frequency on the length of chain of conjugate linkings, and, further, 
that one has a chance of deciding, at any rate in particular 
instances, whether, when salt formation is accompanied by quinonoid 
rearrangement, and the latter may be either of ortho- or of para- 
type, which of the two possible configurations is preferred. 

Respecting the first of these questions, the curves of Baly, 
Edwards, and Stewart (loc. cit.) seem to give a very decided 
answer, for the oscillation frequency of the para-compound is 
greater than that of the ortho-isomeride, even in neutral solution, 
whilst, on comparing the alkaline solutions, one sees immediately 
that, whereas the head of the band in the case of sodium p-nitro- 
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phenoxide corresponds with an oscillation frequency of about 2450, 
that of the corresponding ortho-salt is about 2300. Inspection of 
the quinonoid formule of the isomeric sodium salts shows that 
whilst both possess an equal number of double linkings, a longer 
conjugate chain exists in the case of the ortho- than of the para- 
compound. It will be noted that our results for polynitrophenols 
fully correspond. 

The second point, preference for ortho- or para-quinonoid con- 
figuration, is of some interest from several points of view. Thus, 


Fig. 1. 
Oscillation frequencies. 
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2: 6-Dinitrophenol. 

Sodium 2 : 6-dinitrophenowide. 

2 : 4-Dinitrophenol. 

Sodium 2 : 4-dinitrophenoxide. 
—--—-- 2: 4-Dinitrophenetole. 


many compounds, which until a few years ago were generally 
regarded as possessing para-quinonoid structure, have been formu- 
lated by Kehrmann with an ortho-quinonoid constitution (Ber., 1899, 
32, 927; 1905, 38, 2577; 1907, 40, 1960, and many other papers), 
despite the excellent arguments adduced by Hantzsch to the con- 
trary, and evidence which has been obtained from the examination 
of acridine derivatives (Hewitt and Fox, Trans., 1904, 85, 529; 
1905, 87, 1058). The study of the absorption spectra of neutral 
and alkaline solutions of 2: 4-dinitrophenol seemed likely to give a 
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clue to the relative probability of which structure would be produced 
when both were possible. 

As will be seen by reference to Fig. 1, the head of the band in 
the case of an alkaline solution of 2: 6-dinitrophenol is near to 
oscillation frequency 2300, very near, in fact, to the position found 
by Baly and his co-workers for o-nitrophenol in alkaline solution, 
and although the head of the band is broader in the case of the 
dinitrophenol, a comparison of the two frequency curves shows their 
great similarity. The general resemblance holds when one compares 
the curves for a neutral solution of o-nitrophenol with that of the 
2: 6-dinitrophenol to which dilute hydrochloric acid has been 
added. 

A marked difference. exists, however, between the absorption 
spectra of the alkaline solutions of 2: 4- and 2: 6-dinitrophenols. 
An acid solution of the 2: 4-dinitrophenol shows a broad band with 
head at an oscillation frequency of nearly 3400, and comparison 
with 2: 4-dinitrophenetole exhibits sufficient similarity to lead to 
the conclusion that the free compound exists in acid solution as a 
true dinitrophenol. The alkaline solution of the 2: 4-dinitrophenol 
has an absorption spectrum which, although differing markedly from 
that of the alkaline p-nitrophenol, nevertheless resembles this to a 
greater degree than the alkaline solution of the o-nitrophenol. 
Thus, whilst o-nitrophenol and 2: 6-dinitrophenol in alkaline solu- 
tions both give absorption bands having heads at an oscillation 
frequency of about 2300, the head of the corresponding band in 
the case of alkaline p-nitrophenol is at 2450, whilst with 2: 4-dinitro- 
phenol the band is much broader and less persistent, the head 
corresponding to an oscillation frequency of somewhere about 2700. 
Thus, of the two possible quinonoid structures for alkali salts of 
2: 4-dinitrophenol, 


O O 
II A 
‘t NNO, ( ‘:NO,M 
Y XY 
NO,M m 


(I.) (II.) 

the para-quinonoid (I) is to be preferred. 
The specimens of 2: 4- and 2: 6-dinitrophenols employed in this 
work were obtained from Schuchardt, recrystallised and checked as 
to purity by means of their melting points. The 2: 4-dinitro- 
phenetole was a specimen prepared some years ago in a high state 
of purity by one of us; for this work it was again recrystallised, 
and showed a melting point of 86°. The aqueous alkaline solutions, 
as spectroscopically examined, were V/10,000 with regard to the 
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dinitrophenol, the alkali, which was present in ten times the 
equivalent amount, being V/1000. The acid solutions contained 
100 molecules of hydrochloric acid per molecule of dinitrophenol. 
The object of this considerable excess of hydrochloric acid was, of 
course, to prevent ionisation, since the ions would doubtless be 
produced from the aci-forms of the phenolic compounds. Bader 
determined the dissociation constants of several substituted phenols 
in 1890 (Zeitsch. physikal. Chem., 6, 289), and obtained values of 
K for 2: 4- and 2: 6-dinitrophenols of 0°0080 and 0°0174 respec- 


Fic, 2. 
Oscillation frequencies. 
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tively; it is evident, therefore, that under the conditions employed 
ionisation of the free dinitrophenols may be disregarded. 

For purposes of comparison, acid and alkaline solutions of picric 
acid were also examined, the molecular proportions of trinitro- 
phenol, alkali, and acid being the same as in the preceding cases. 
In these circumstances, practically no difference was found in the 
absorption spectra, a result which might be expected, considering 
the strength of picric acid and its almost complete dissociation at 
even quite moderate dilutions. The curve reproduced (continuous 
line, Fig. 2) is that obtained from measurements of an acid solution. 
If one could obtain a solution of the true trinitrophenol (in a 
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solvent transparent to the ultraviolet rays), it would doubtless 
give an entirely different absorption spectrum, judging from 
the results obtained with an alcoholic solution of trinitroanisole,* 
and the fact that solutions of picric acid vary in colour 
according to the ionising power of the solvent. Thus Walden 
(Ber., 1899, 32, 2864) describes the solution in liquid sulphur 
dioxide as being colourless, although those of phenol and quinol 
are distinctly yellow. Marckwald (Ber., 1900, 33, 1128) also draws 
attention to the fact that ordinary yellow picric acid gives with 
light petroleum a colourless solution, which, however, immediately 
communicates a yellow colour to water when shaken with it. 
The close similarity between the absorptions exhibited by alkaline 
solutions of 2: 4-dinitrophenol and of picric acid (head about 2800) 
point to the ions of both these substances having similar structures 
when they are to be considered as nitro-derivatives of aci-p-nitro- 
phenol ; that is, having para- rather than ortho-quinonoid structure. 
The strengths of the nitrated nitrophenols as acids is of some 
interest in connexion with the identification of the salts of 2: 4-di- 
nitrophenol and of picric acid as p-quinonoid compounds. The 
dissociation constants, as found by Bader (Joc. cit.) for o- and 
p-nitrophenols and their higher nitrated derivatives, are as follows. 


Derivatives of o-Nitrophenol. Derivatives of p- > 
2-Nitrophenol .................. 0°000043 | 4-Nitrophenol ... eeeeee «0000012 
2:3-Dinitrophenol ............ 0°0012 2:4- Dinitfophenol .. .. 0°0080 
2:5-Dinitrophenol ............ 0°0007 3:4-Dinitrophenol ......... 0°0004 
2:6-Dinitrophenol ............ 0°0174 2:4:6-Trinitrophenol...... Strong acid. 


In each case it will be noted that a nitrophenol is strengthened 
as an acid by the introduction of another nitro-group, the effect 
produced being greatest when the second nitro-group enters the 
meta-position with respect to the nitro-group already present. 

There is possibly some connexion between this influence and the 
weakening of the attachment of nitro-groups to aromatic nuclei 
produced by the presence of other nitro-groups in a meta-position. 
On this mobility depends the oxazine synthesis of Turpin (Trans., 
1891, 59, 722), the production of dinitroanisole from 1: 3: 5-tri- 
nitrobenzene (Lobry de Bruyn, Rec. trav. chim., 1890, 9, 209), 
and several azine syntheses (see Kehrmann, Ber., 1899, 32, 2601), 
whilst it is noticeable that the trinitroacetylaminophenol described 
by Meldola (Trans., 1906, 89, 1935) and subsequently employed 
by Meldola and Hay in many syntheses (Trans., 1908, 98, 1659; 
1909, 95, 1033) has one of its nitro-groups easily removable, the 


* Prepared from anisole by extreme nitration, and crystallised from alcohol ; 
m. p. 68°. Found N=17'5 ; C,H,0,N, requires N=17°3 per cent. 
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other two nitro-groups being oriented ortho- and meta- to the 
group so readily eliminated as nitrous acid. 


In conclusion, we wish to express our indebtedness to the 
Government Grant Committee for a grant by which the greater 
part of the expense of this investigation has been defrayed. 


East LONDON COLLEGE. 


CXCIV.—The Solubility of Bismuth Trisulphide in 
Alkali Sulphides and of Bismuth Trioxide in 
Alkali Hydroxides. , 


By JosepH Knox (Carnegie Research Fellow of Aberdeen 
University). 


Sritiman (J. Amer. Chem. Soc., 1896, 18, 683) states that bismuth 
sulphide is soluble to a considerable extent in sodium sulphide, 
whilst Stone (2b7d., 1091), who confirmed this result, found that 
if the bismuth was first precipitated as sulphide from an acid 
solution, and then treated with alkali sulphide, little, if any, 
dissolved. Stillman precipitated a solution of bismuth nitrate with 
excess of sodium sulphide, warmed to a temperature near the 
boiling point for twenty minutes, filtered, and determined the 
bismuth in the filtrate. He gives, however, only one quantitative 
experiment, in which, moreover, the strength of the sodium sulphide 
employed is uncertain. Stone precipitated bismuth sulphide from 
a dilute acid solution of the chloride, filtered, and heated the pre- 
cipitate with a large excess of potassium sulphide or of ammonium 
sulphide for half an hour. The undissolved sulphide was collected, 
redissolved, and the bismuth determined as the oxide. In both 
cases the bismuth trioxide found agreed with the amount of bismuth 
originally taken as chloride. Stone therefore concluded that 
bismuth sulphide, precipitated from acid solution, is not dissolved 
by subsequent treatment with alkali sulphides. 

Neither author gives the method of preparation or the com- 
position of the alkali sulphides employed. Since the term, “ alkali 
sulphide solution,” is applied in analytical chemistry to the solutions 
obtained by saturating the hydroxides with hydrogen sulphide to 
a greater or less extent, that is, to solutions of the alkali hydro- 
sulphides or of the hydrosulphides and hydroxides in varying 
proportions, it is possible that such solutions were used by Stone, 
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instead of those containing the dissolved substance in the stoicheio- 
metric proportions represented by the formule Na.§8, K.S, etc. This 
would explain the discrepancy between the results of Stone and 
those of the present investigation. 

So far as the author is aware, no further work has been done 
on the solubility of bismuth sulphide in alkali sulphides. Owing to 
the important bearing of the subject on analytical chemistry, and 
to its interest from the theoretical point of view, the present 
investigation was undertaken in order to ascertain the nature of the 
reaction between bismuth sulphide and alkali sulphides, and the 
- relation between solubility and concentration. 

From the position of bismuth in the periodic system 
as the highest member of the fifth group, it might be 
expected that bismuth sulphide would, like the corresponding 
arsenic and antimony compounds, form complex anions with the 
sulphur ions of alkali sulphide solutions, although to a much 
smaller extent, on account of its greater electro-affinity compared 
with these elements (Abegg and Bodlinder, Zeitsch. anorg. Chem., 
1899, 20, 453; Abegg, zbid., 1904, 39, 330). Further, it is almost 
certain that the behaviour of bismuth sulphide towards solutions 
of sodium and potassium sulphides will be practically the same, 
owing to the similarity in constitution of the two solutions. 

The bismuth sulphide used in the following solubility deter- 
minations was mainly “ Kahlbaum’s precipitated,” which was freed 
from admixed sulphur by extraction with carbon disulphide and 
dried at 100—110°. It contained traces of oxychloride, which, 
however, in presence of the large excess of alkali sulphide used, 
have probably no effect on the solubility determination. In several 
experiments the bismuth sulphide used was prepared by pre- 
cipitating a dilute solution of bismuth chloride, acidified with hydro- 
chloric acid, with hydrogen sulphide, washing the precipitate, and 
drying at 100—110°. The sulphide so prepared gave the same 
solubility as Kahlbaum’s. The sodium sulphide solutions were 
prepared by saturating a measured volume of standard sodium 
hydroxide, free from carbonate, with hydrogen sulphide in a 
graduated flask, expelling the excess of hydrogen sulphide by a 
current of hydrogen, adding a volume of sodium hydroxide equal 
to that originally used, and diluting to the mark with air-free 
distilled water. The potassium sulphide solutions were prepared 
similarly. The solubility in each strength of alkali sulphide was 
determined several times, and the alkali sulphide used in each 
determination was freshly prepared. This procedure eliminates, as 
far as possible, any error due to slight divergences in the com- 
position of the solution from the theoretical, caused by the 
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impossibility of stopping the hydrogen current used to expel the 
excess of hydrogen sulphide at the exact point. These divergences 
will, however, always be small, since the concentration of undis- 
sociated hydrogen sulphide in alkali sulphide solutions, and hence 
the partial pressure of hydrogen sulphide over them is exceedingly 
minute (Knox, 7rans. Faraday Soc., 1908, 4, 29). All operations 
were performed, as far as possible, in an atmosphere of hydrogen, 
so as to avoid oxidation of the solutions by atmospheric oxygen. 

The solubility determinations were carried out as follows. The 
bismuth sulphide was shaken with the alkali sulphide solutions in 
a thermostat at 25° for about three days. In most cases experi- 
ments were also carried out in which the shaking was continued 
for a much longer period, in order to ensure that the equilibrium 
had been attained. In most cases, too, the equilibrium was attained 
from both sides. On the one hand, the sulphide solutions were 
shaken at 25° with bismuth sulphide until saturation occurred, and, 
on the other, the sulphide solutions were first saturated with 
bismuth sulphide at about 80°, and then shaken in the thermostat 
at 25° until equilibrium for this temperature was reached. The 
equilibrium attained under these different conditions was always 
the same. For the analyses, the bottles were hung in the thermostat 
until the solid had completely settled ; 100 c.c. of the clear solution 
were then transferred to a beaker and carefully acidified with a 
slight excess of hydrochloric acid. This precipitated most of the 
bismuth sulphide, although the supernatant liquid remained brown, 
apparently owing to some of the sulphide remaining in colloidal 
solution, since the liquid cleared on standing. Hydrogen sulphide 
was passed in to complete the precipitation, and the precipitate 
was collected in a Gooch’s crucible, washed with aqueous hydrogen 
sulphide, then with alcohol, and finally with carbon disulphide, 
and dried at 100—105°. 

As will be seen from the tables, the agreement between the 
different determinations for a given concentration is not so good 
as is usual in a solubility determination, but this is probably 
accounted for by slight’ differences in the composition of the solu- 
tions, by differences in the size of the grains of the bismuth sulphide 
(Ostwald, Zeitsch. physikal. Chem., 1900, 84, 495), and by slight 
oxidation of the solutions. 

The following table gives the solubility of dried precipitated 

Bismuth sulphide 
Concentration of dissolved ; gram 
sodium sulphide, Number of ‘per 100 c.c. of solution, 
mole/litre. determinations. mean result. 
0°5 5 0°0040+0-0005 


1:0 5 0°0238 +0°0016 
15 3 0°1023+0°0025 
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bismuth sulphide in sodium sulphide solutions. The solutions are 
greenish-yellow in colour. 

In potassium sulphide solutions, the solubility for the same con- 
centration is rather greater: 


Bismuth sulphide 
Concentration of dissolved : gram 
potassium sulphide, Number of per 100 c.c. of solution, 
mole/litre. determinations, mean result, 
0°5 4 0°0042+0°0002 
1‘0 4 0°0337 +0°0017 
1°25 5 0°0639+0°0016 


Since both freshly precipitated moist bismuth sulphide and dried 
precipitated bismuth sulphide dissolve in potassium sulphide solu- 
tions, it is difficult to explain the results obtained by Stone except 
on the assumption that he used potassium hydrosulphide instead of 
potassium sulphide solutions. 

In the case of both sodium and potassium sulphides, the solu- 
bility increases rapidly with the concentration of the alkali sulphide, 
and is approximately proportional to the cube of the concentration. 

The addition of alkali hydroxide to the alkali sulphide increases 
the solubility greatly. The following tables show the effect of 
sodium hydroxide and of potassium hydroxide on the solubility: 


Solubility of Bismuth Sulphide m Sodiwm Sulphide with the 
addition of Sodium Hydrozide. 


Concentration Bismuth trisulphide 
Concentration of of sodium dissolved : gram per 
sodium sulphide, hydroxide, Number of 100 c.c. of solution, 
mole/litre. mole/litre. determinations. mean result. 
0°5 1°0 7 0°0185+0°0020 
1:0 10 4 00838 + 00022 


Solubility of Bismuth Sulphide in Potassium Sulphide with the 
addition of Potassium Hydrozide. 


Concentration Concentration Bismuth sulphide 
of potassium of potassium dissolved : gram per 
sulphide, hydroxide, Number of 100 ¢.c. of solution, 
mole/litre. mole/litre. determinations. mean result. 
05 1:0 4 0°0240+0'0010 
1°0 1°0 2 0°1230+0°0014 
1°25 1°25 1 0°2354 


The solvent action of alkali hydrosulphides and hydroxides on 
precipitated bismuth sulphide was next investigated, since there 
was a possibility, judging from analogy to arsenic and antimony 
sulphides, that it might dissolve to a slight extent. 

The hydrosulphide solutions were prepared by saturating the 
hydroxides with hydrogen sulphide, and expelling the excess of this 
gas by a current of hydrogen. Dried precipitated bismuth sulphide 
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was shaken with WV- and 2N-sodium hydrosulphide and potassium 
hydrosulphide solutions for periods varying from twelve to twenty 
days. The solid was allowed to settle completely, and the clear, 
colourless, supernatant liquid withdrawn, faintly acidified with 
hydrochloric acid, and saturated with hydrogen sulphide. No trace 
of a precipitate or even of a brown coloration was obtained. On 
adding sodium hydroxide to the remaining sodium hydrosulphide 
' solution, and again shaking for a few minutes, the solution assumed 
the greenish-yellow colour characteristic of solutions of bismuth sul- 
phide in alkali suJphides. Bismuth sulphide is, therefore, insoluble 
in alkali hydrosulphides. This is also proved by the action of 
hydrogen sulphide on solutions of bismuth sulphide in alkali 
sulphides. On saturating such a solution with hydrogen sulphide, 
the bismuth sulphide is completely precipitated. 

For the solubility experiments in alkali hydroxides, it was 
necessary that the bismuth sulphide used should contain traces 
neither of the oxide, which is slightly soluble in alkali hydroxides 
(see below), nor of the oxychloride, which reacts with alkali 
hydroxides to a certain extent giving the hydroxide BiO,H (Herz 
and Muhs, Zeitsch. anorg. Chem., 1904, 39, 115). The first solu- 
bility determinations, made with dried precipitated bismuth 
sulphide, gave a solubility of the same order as that of bismuth 
oxide in alkali hydroxides. This was subsequently found to be due 
to slight oxidation of the sulphide during the drying, or to the 
presence of traces of oxychloride. It was found very difficult to pre- 
* pare bismuth sulphide free from oxychloride by precipitation from 
a hydrochloric acid solution. Prolonged washing with aqueous 
hydrogen sulphide is necessary to remove the last traces of oxy- 
chloride. In order to avoid these sources of error, freshly pre- 
cipitated, moist bismuth sulphide, which had been repeatedly washed 
with aqueous hydrogen sulphide and finally with air-free distilled 
water, was shaken with V- and 2N-sodium hydroxide for fifteen and 
thirteen days respectively. On acidifying the clear solution with 
hydrochloric acid and saturating with hydrogen sulphide, no trace 
of a precipitate or brown coloration was obtained. Bismuth 
sulphide is therefore insoluble in alkali hydroxides. 

That the solutions of bismuth sulphide in alkali sulphides are 
not colloidal is proved by the following considerations. The same 
equilibrium is attained from both sides, and independently of the 
time of shaking. The solutions are quite stable; after months they 
still retain bismuth and their characteristic greenish-yellow colour, 
although they contain large quantities of electrolytes, which, as a 
rule, act as more or less rapid precipitants for colloids. The bismuth 
is not removed by filtering the solution through a very finely porous 
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cell. The fact that the solutions are prepared from dried pre- 
cipitated bismuth sulphide is also against the probability of their 
being colloidal. Finally, the properties of the solutions do not 
agree with those of colloidal solutions of bismuth sulphide (Abegg’s 
Handbuch der anorg. Chem., III, 3, 662). 

Since bismuth sulphide is insoluble both in alkali hydrosulphides 
and hydroxides, that is, does not form a complex anion with either 
SH’ or OH’, its solubility in alkali sulphide solutions must be due 
to the formation of a complex anion with the sulphur ion, 8”, of 
these solutions. This view explains the increase in the ratio, bismuth 
sulphide dissolved /concentration of alkali sulphide, with increasing 
concentration of the alkali sulphide, and also the effect of the 
addition of alkali hydroxide in increasing the solubility of bismuth 
sulphide. The explanation is as follows. Sodium sulphide in 
aqueous solution is hydrolysed to a very large extent into sodium 
hydrosulphide and hydroxide (Kiister and MHeberlein, Zettsch. 
anorg. Chem., 1905, 48, 53; Knox, Joc. cit.) according to the 


equation : 
Na,S+H,O=NaHS+ NaOH, 


or, writing the ionic equation: 
S” + H,O= HS’ + 0H’, 


and, since it is the salt of a weak acid and a strong base, the 
hydrolysis must increase with dilution. The relative concentration 
of the S”’-ions must, therefore, diminish with dilution, and, since 
the solubility of bismuth sulphide depends on the 8”-ion concen- 
tration, the ratio of bismuth sulphide dissolved to sodium sulphide 
will also diminish with dilution. From the hydrolysis equation, it 
is also evident that the addition of alkali hydroxide, by increasing 
the concentration of OH/-ions, will diminish the degree of hydro- 
lysis, thus increasing the concentration of the 8”-ion, and hence the 
solubility of bismuth sulphide in the alkali sulphide. The same 
considerations apply also in the case of potassium sulphide. The 
existence of the solid compounds KBiS,, NaBiS, (Schneider, Pogg. 
Ann., 1869, 186, 460; Milbauer, Zeitsch. anorg. Chem., 1905, 42, 
433), and Bi,S;,4K.,8,4H,O (Ditte, Compt. rend., 1895, 120, 186) 
also confirms the view that the solubility is due to complex formation 
with the S”-ion. 

Bismuth sulphide, therefore, forms, like the corresponding arsenic 
and antimony compounds, complex anions with the 8”-ion, but not 
to an appreciable extent with SH’- or OH’-ions. From the solu- 
bility determinations alone, however, it is not possible to arrive at 
the formula of the complex. 

The importance of this reaction in analytical chemistry has 
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already been emphasised by Stillman (Joc. cit.). In the separation 
of the copper sub-group from the arsenic sub-group by means of 
alkali sulphides, the quantitative determination of bismuth would 
be vitiated, and small quantities of bismuth might easily be missed 
altogether. 

The action of sodium disulphide and of ammonium sulphide solu- 
tions on bismuth sulphide was also studied, in view of their 
importance analytically in the separation of the copper and arsenic 
sub-groups. 

The sodium disulphide solutions were prepared, by dissolving the 
requisite quantity of sulphur (crystallised from carbon disulphide) 
in sodium sulphide solutions. In the solubility determinations, 
dried precipitated bismuth sulphide was shaken with the sodium 
disulphide solution until equilibrium was established. A definite 
volume of the clear solution was then withdrawn, and acidified 
with hydrochloric acid. The bismuth sulphide was precipitated 
along with the excess of sulphur. Hydrogen sulphide was passed 
in until the supernatant liquid became clear, when the precipitate 
was collected in a Gooch’s crucible, washed with aqueous hydrogen 
sulphide, then with alcohol, and finally with carbon disulphide, 
dried, and weighed. The washing with carbon disulphide was 
repeated until the weight was constant. As the mean of four 
determinations, in which the times of shaking were varied greatly, 
100 c.c. of NV-sodium disulphide solution were found to dissolve 
0°0090 +0°0010 gram of bismuth sulphide. This is only about a 
third of the solubility in the corresponding strength of the mono- 
sulphide. This result confirms the view that the solubility of 
bismuth sulphide in alkali sulphides is due to the formation of a 
complex anion with the S”-ion, since in polysulphide solutions a 
large proportion of the 8”-ions are used up in forming the com- 
plexes 8,”, S,”, etc., with the dissolved sulphur, and are, therefore, 
not available for complex-formation with bismuth sulphide. In 
solutions of the higher polysulphides, the solubility would be still 
less than in the disulphide. 

The ammonium sulphide solution was prepared in the same way 
as the sodium sulphide, except that the hydrogen sulphide used to 
saturate the ammonia solution was washed by ammonia of the same 
strength, and the expulsion of the excess of hydrogen sulphide by 
a current of hydrogen was omitted. In 2N-ammonium sulphide, 
which had been shaken with dried precipitated bismuth sulphide 
for ten days, no trace of dissolved bismuth sulphide was found. 
The exceedingly small concentration of S/”-ions in ammonium 
sulphide solutions (Knox, Joc. cit.) explains the insolubility of 
bismuth sulphide. 


AND OF BISMUTH TRIOXIDE. 1767 


Solubility of Bismuth Oxide in Sodium Hydroxide Solutions. 


he bismuth oxide was prepared either by igniting the basic 
nitrate to low redness, or by precipitating the basic nitrate from 
a solution of the normal nitrate by diluting with water, digesting 
the precipitate on the water-bath repeatedly, first with water and 
then with sodium hydroxide solutions, washing until free from 
alkali, drying, and igniting. Both preparations gave the same 
solubility. The sodium hydroxide solutions used were free from 
carbonate. 

The time of shaking required for the establishment of equilibrium 
was much longer than in the case of the sulphide solutions. As 
a rule, two to three weeks were allowed. The solubility deter- 
minations were carried out in the same way as for the sulphide. 
The clear saturated solutions were slightly acidified with hydro- 
chloric acid, and the bismuth precipitated as sulphide. The results 


are contained in the following table: 
Bismuth oxide 


Concentration of dissolved : gram 
sodium hydroxide, Number of per 100 c.c. of solution, 
mole/litre. determinations. mean result. 
10 7 0°0013+0°00C2 
2°0 6 0:0026+0°0002 
3°0 5 0°0049 + 0°0005 


The solutions were colourless, and showed no opalescence. 

The solubility is nearly proportional to the concentration of the 
sodium hydroxide. A few experiments with potassium hydroxide 
showed that the solubility was much the same as in sodium 
hydroxide. The same arguments against the colloidal nature of 
the solutions hold as in the case of the sulphide solutions, Bismuth 
trioxide, therefore, behaves towards strong bases as the anhydride 
of a weak acid, but, in agreement with its more electropositive 
character, to a much less extent than the corresponding oxides of 
arsenic and antimony. 
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CXCV.—The Volumetric Estimation of Mercury and 
the Estimation of Silver in Presence of Mercury.” 


By JosepH Knox (Carnegie Research Fellow of Aberdeen 
University). 


Rupp and Krauss (Ber., 1902, 35, 2015) describe a volumetric 
method for the estimation of mercury in a solution of mercuric 
nitrate by titration with ammonium thiocyanate. The method is 
the same as Volhard’s method for silver, except that the solution 
must be strongly acid with nitric acid. 

The method has been used for some time by the students in this 
laboratory; the mercuric nitrate solution used by them was made 
by dissolving a weighed quantity of precipitated mercuric oxide in 
excess of dilute nitric acid. As the results obtained were con- 
sistently rather low, the following investigation was undertaken in 
order to test the accuracy of Rupp and Krauss’ method. 

On testing the method by titrating a mercuric nitrate solution, 
prepared by dissolving precipitated mercuric oxide or red, crystalline 
mercuric oxide in cold dilute nitric acid, I obtained results for the 
mercury from 0°4 to 1 per cent. lower than those calculated from 
the weight of mercuric oxide used. The mercury in the solution 
was also estimated gravimetrically as sulphide, and the results 
agreed, within the limits of experimental error, with those calculated 
from the weight of mercuric oxide dissolved. The mercuric sulphide 
was collected in a Gooch’s crucible, washed with water, alcohol, 
and then with carbon disulphide until the weight was constant. 
The explanation of the low results by the volumetric method was 
found in the fact that the solutions obtained by dissolving mercuric 
oxide in excess of cold dilute nitric acid invariably contained 
mercurous nitrate, especially after standing for some time. The 
effect of small quantities of mercurous salt on the volumetric result 
is considerable, whereas the gravimetric result is scarcely affected. 
Thus, for example, 216 grams of mercuric oxide would give 232°07 
grams of mercuric sulphide. If the mercuric oxide contained 1 per 
cent. of mercurous oxide, the gravimetric estimation as sulphide 
would give 229°74 grams of mercuric sulphide+2°24 grams of 
mercurous sulphide=231°98 grams, compared with 232°07 grams 
from pure mercuric oxide, a difference of only 0°04 per cent. By 
the vclumetric method 216 grams of mercuric oxide would require 
2000 c.c. of W-ammonium thiocyanate, whereas if the mercuric 
oxide contained 1 per cent. of mercurous oxide the amount of 
thiocyanate required would be 1980 c.c. for the mercuric salt + 10°38 
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c.c. for the mercurous salt=1990°38 c.c., compared with 2000 c.c. 
for pure mercuric oxide, a difference of 0°48 per cent. 

As an example of the results actually obtained, the following 
figures may be given. The first column gives the equivalent normal 
concentration of the mercuric nitrate solutions calculated from 
the weight of mercuric oxide used, the second column the con- 
centration calculated from the gravimetric estimation of the 
mercury as sulphide, and the third column the concentration cal- 
culated from the volumetric analysis, on the assumption that all 
the mercury was in the mercuric form. The ammonium thiocyanate 
solutions used in the titrations were standardised from a silver 
nitrate solution, the strength of which was found by estimating 
the silver gravimetrically as chloride: 

III. 
0°2914 


0°2958 
0°1229 


All these solutions gave a turbidity with hydrochloric acid, owing 
to the precipitation of mercurous chloride. 

Pure mercuric nitrate solutions were next prepared by 
dissolving a weighed quantity of pure distilled mercury in 
pure concentrated nitric acid. The solution was boiled for 


a short time and diluted to a definite volume. These solutions 
contained no mercurous salt even after standing several 
weeks. The agreement between the results for the strength of 
the mercuric nitrate solution, as calculated (1) from the weight 
of mercury dissolved (first column), (2) from the gravimetric 
estimation as mercuric sulphide (second column), and (3) from 
the volumetric estimation (third column), is excellent. The volu- 
metric results are calculated from the mean of several closely 
agreeing titrations: 
III. 


0°1288 
0°1559 


The method of Rupp and Krauss, therefore, gives perfectly 
accurate results with pure mercuric nitrate solutions. 

Rupp and Krauss further describe a method for determining 
silver and mercuric mercury together in a solution of their 
nitrates. The total silver and mercury is determined by titration 
with standard thiocyanate, whilst the silver is determined in 
another portion of the solution by titration by Gay-Lussac’s 
method. The determination of the total silver and mercury by 
thiocyanate is accurate. Thus it was found that 10 c.c. of 
0°1559N-mercuric nitrate and 25°07 c.c. of 0°09946N-silver nitrate 
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required 37°44 c.c. of 0°1084NV-ammonium thiocyanate, compared 
with 37°38 c.c. calculated from the strengths of the silver and 
mercury solutions. 

It has long been known, however, that the determination of silver 
by Gay-Lussac’s method is inaccurate in presence of small quan- 
tities of mercury, and impossible in presence of large quantities 
(see, for example, Fresenius, Quant. Anal., 6th German Ed., Vol. I, 
p. 309). This effect of mercuric salts is explained by the extremely 
small extent to which mercuric chloride is dissociated electro- 
lytically (Morse, Zeitsch. physikal. Chem., 1902, 41, 709; Buttle 
and Hewitt, Trans., 1908, 93, 1405). Thus, on adding sodium 
chloride to a mixture of silver and mercuric nitrates, both 
of which are dissociated to a large extent in dilute solution, the 
whole of the Cl’-ions will not be used to precipitate the silver as 
chloride, but a definite proportion, depending on the solubility 
product of silver chloride and on the dissociation constant of mer- 
curic chloride, will unite with the Hg**-ions to form undissociated 
mercuric chloride. It is on this minute degree of electrolytic dis- 
sociation of mercuric chloride that the solubility of silver chloride 
in mercuric nitrate solutions also depends (Morse; Buttle and 
Hewitt). Yet Rupp and Krauss state that 10 c.c. of V/10-silver 
nitrate and 10 c.c. of 0°2347N-mercuric nitrate required 10°01 c.c. 
of V/10-sodium chloride. I have repeated many times the titration 
of silver with sodium chloride by Gay-Lussac’s method in presence 
of varying quantities of mercuric nitrate, and found that the pre- 
cipitation of the silver was not complete until 98—99 per cent. of 
the mercuric nitrate had been converted into undissociated mercuric 
chloride. Thus, for example, 10 c.c. of 0°09931N-silver nitrate 
and 10 c.c. of 0°2935-mercuric nitrate required, in three different 
experiments, 28°83, 28°90, and 28°81 cc. of 0°1342N-sodium 
chloride, and 10 c.c. of 0°09931N-silver nitrate and 5°05 c.c. of 
0°2935N-mercuric nitrate required 18°30 c.c. of 0°1342N-sodium 
chloride. To convert both the silver and the mercuric salt com- 
pletely into chlorides would have required, in the first case, 29°27 
c.c., and in the second case, 18°44 c.c., of the sodium chloride 
solution, whilst the silver salt alone should have required only 
7°40 c.c. in each case. In presence of the mercuric salt, the pre- 
cipitated silver chloride settles extremely slowly, so that a titration 
occupies several days. For the estimation of the total silver and 
mercury in a solution of the nitrates, the method of Rupp and 
Krauss is, therefore, rapid and accurate. It is, however, useless 
for the estimation of the metals separately. 

For the volumetric estimation of silver in a solution containing 
silver and mercuric nitrates, a method depending on the solubility 
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of silver chloride in potassium cyanide was used. The following 
description of an experiment illustrates the method. Ten c.c. of 
0°09979-N-silver nitrate and 10 c.c. of 0°2935N-mercuric nitrate were 
mixed, and the silver was precipitated completely as chloride by 
dilute hydrochloric acid. Sufficient hydrochloric acid was added to 
convert both silver and mercury into chlorides. The silver chloride 
was coagulated by heating on the water-bath with constant stirring, 
cooled, and collected on a hardened filter paper. The precipitate 
was washed with dilute nitric acid, and then with water, until free 
from chlorides, then paper and precipitate were transferred to a 
beaker, 25°07 c.c. of 0°0953N-potassium cyanide were added, and 
the silver chloride dissolved completely. The excess of potassium 
cyanide was then titrated with 0°09979N-silver nitrate until a 
permanent turbidity appeared, 13°89 c.c. being required. This gives 
0°1082 gram of silver in the solution, compared with 0°1077 gram 
calculated from the strength of the silver nitrate solution used. 
The results are always rather high, and this is probably due to the 
escape of hydrogen cyanide during the solution of the silver 
chloride, which occupies some time. The filter paper does not 
interfere with the titration. The method, however, is neither so 
accurate nor so convenient as the gravimetric method (see below). 


Gravimetric Determination of Silver in Presence of Mercuric 
Nitrate. 


According to Fresenius (Quant. Anal., 6th German Ed., Vol. I, 
p. 607), the precipitation of silver as chloride by hydrochloric acid 
in presence of mercuric nitrate is never complete, owing to the solu- 
bility of silver chloride in mercuric nitrate. Even when sufficient 
hydrochloric acid is added to convert both silver and mercury into 
chlorides, complete precipitation of the silver cannot be absolutely 
depended upon. Menschutkin also (Analyt. Chem., Eng. Ed., 1895, 
p. 339) states that, in presence of mercuric nitrate, the separation 
of silver as silver chloride is inexact, as the results are affected 
by the solubility of silver chloride in mercuric nitrate. 

In the volumetric method given above, it is necessary that the 
silver should be completely precipitated as chloride. I therefore 
carried out a large number of gravimetric estimations of silver as 
chloride in presence of widely varying quantities of mercuric 
nitrate, and the results in all cases agreed with those obtained from 
the same silver nitrate solutions without the addition of mercuric 
nitrate. The method was the following. To the solution contain- 
ing silver and mercuric nitrates, which always contained a little 
free nitric acid, hydrochloric acid was added drop by drop with 
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stirring. The total quantity of hydrochloric acid added was very 
slightly in excess of that required to convert both the silver and 
the mercury into chlorides. The solution containing the precipitate 
was heated on the water-bath with constant stirring to coagulate 
the silver chloride, and allowed to cool completely. The clear 
solution was again tested with a drop of hydrochloric acid to 
ensure that precipitation was complete. The clear liquid was then 
decanted through a Gooch’s crucible, and the precipitate remaining 
in the beaker washed several times with dilute nitric acid. The 
precipitate was transferred to the crucible, washed several times 
with cold water, and dried at 120°. The following table contains 
the results of these determinations. The first column gives the 
weight in grams of silver chloride from 25 c.c. of the silver nitrate 
solution alone. The second column gives the amount of mercuric 
nitrate added to 25 c.c. of the same silver nitrate solution as in the 
first column, and the third column gives the weight of silver 
chloride precipitated from this mixture. The mercuric nitrate 
solutions used contained no trace of mercurous salt. 


II, III. 


5 c.c. of 0°1239 N-solution 0°3603 
» O1559 ~ ,, 0°3597 
»»  0°1239 ‘ 0°3599 
»,  0°1289 “l 0°3598 
»,  0°1239 “s 0°3600 
»,  0°5447 0 0°3601 
»»  0°5447 ai 0°3598 
5» 01239 ~«,, 0°3573 
»,  0°2985 99 0°3622 


From these results it appears that the presence of mercuric 
nitrate does not affect the gravimetric estimation of silver as 
chloride, provided that the estimation is carried. out as described 
above. The statements of Fresenius and Menschutkin receive no 
confirmation. 
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CXCVI—A Method for the Measurement of Vapour 


Pressures. 


By ALEXANDER CHARLES CUMMING. 


A NuMBER of methods have been proposed and used for the 
measurement of vapour pressures, such as those of salt hydrates, 
but the only one which has found favour with subsequent workers 
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is the differential tensimeter method. This has been described by 
Frowein (Zeitsch. physikal. Chem., 1887, 1, 1), and the apparatus 
is figured in most text-books of physical chemistry. Although 
theoretically very simple, it is, in practice, a most unsatisfactory 
instrument, and for some reason it is very difficult to obtain accurate 
or even concordant results with it (compare Cohen, ibid., 1894, 14, 
89). Andreae (ibid., 1891, 7, 241) has drawn attention to one 
source of error. Since a solution or a hydrate gives up water 
when the apparatus is evacuated, there is always a certain amount 
of vapour in the side of the apparatus which contains the sub- 
stance, and in the other side there will always remain enough air 
to give a pressure equal to this vapour pressure. Only by long 
continued evacuation can the last trace of air be removed, but 
during the process the hydrate is always more or less dehydrated. 

Other proposed methods (Pareau, ‘“ Pompbarometer,’ IJnaug. 
Diss., 1875; Linebarger, Zeitsch. physikal. Chem., 1894, 18, 505; 
Miiller-Erzbach, tbid., 1895, 17, 446) have not been adopted 
either from difficulties in the manipulation, or on account of 
inaccuracy. Lesceur (Ann. Chim. Phys., 1889, [vi], 16, 378; 
1890, [vi], 19, 533, et seg.) has used a method which differs 
completely in principle from any other method. The hydrate 
was placed in a glass vessel, and after some time the 
vapour tension in the atmosphere above the hydrate was deter- 
mined by an ordinary dewpoint method. Many of Lesccur’s 
results are in fair accord with those obtained by other methods, 
but in some cases there is no agreement, for example, for a 
saturated solution of decahydrated sodium sulphate at 30°1°, Cohen 
found the pressure to be 28°03 mm., whilst Lescoeur at 30°0° found 
24°8 mm. Such differences occur sufficiently often to make it 
almost certain that there must be some inherent defect in Lescceur’s 
method, and it may be noted that in the twenty years since its 
publication it has not found application by others. 

The author hopes to show in the present paper that it is possible 
to base an accurate and easy method for the measurement of the 
vapour tensions of hydrates and solutions on a determination of 
the dewpoint under certain conditions. As the proposed method 
resembles that of Lescceur in this respect, some reasons for the 
inaccuracies in his results will be suggested after a description of 
the method which has been used. 


EXPERIMENTAL, 


The principle of the method is to determine the dewpoint in 
an atmosphere containing vapour in equilibrium with the solution 
or solid under examination. The apparatus used consisted of a 
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wide-mouthed glass bottle B, which contained a sample of the 
hydrate or liquid. The bottle was fitted with a rubber cork D, 
through which passed a silver cylinder A, closed at the lower end, 
and a glass tube C, provided with a stopcock. 

The silver cylinder, which was 2 cm. in diameter and 10 cm. 
long, was fitted at the top with a three-holed cork, which carried 
a thermometer and two glass tubes, arranged so that air could be 
blown through a liquid in the cylinder. 

The measurement of the vapour pressure of 44°8 per cent. 
sulphuric acid may be described 
to illustrate the mode of experi- 
ment. About 50 c.c. of the acid 
were placed in the kottle and the 
cork D inserted. The bottle was 
exhausted by means of the water- 
pump through @, and the tap 
closed. The bottle was then 
placed in a glass-fronted thermo- 
stat up to the neck, and kept at 
29°8° for some hours. 

To find the dewpoint, the 
silver tube A was two-thirds 
filled with ether, and air blown 
through at such a rate that the 
temperature fell very slowly. A 
dew began to form on the highly- 
polished silver surface when the 
thermometer indicated 17°5°. 
The supply of air was then re- 
duced and the temperature rose 

B slowly, until at 17°7° the last 
trace of mist on the silver surface 
had gone. The pressure at 17°6° 
is from Regnault’s* values 15°0 

mm. The vapour pressure of 44°8 per cent. sulphuric acid at 

29°8° is therefore 15°0 mm. 

The method has the marked advantage over other methods that 
it is practically independent of the degree of exhaustion. It was 
found that the same result was obtained to 0°1 mm. when the 
exhaustion was carried out with a water-pump and with a mercury- 
pump, and identical results were obtained after five, ten, and fifteen 
minutes’ exhaustion with a water-pump. 


* Vapour pressures of water and of sulphuric acid solutions are, throughout this 
paper, taken from Lando!t-Bérnstein, Physikalisch-chemische Tabellen (1905). 
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| Although the vapour pressure is theoretically almost independent 
of the amount of air, it is expedient to evacuate the apparatus, 
as otherwise the time required to attain equilibrium may be unduly 
prolonged. 

Further, if more than traces of air are left in the apparatus, 
an actual error may be introduced by conduction of heat from the 
outer wall to the silver cylinder. The tubes used were made of 
silver and highly polished. When any patent polish was used, it 
was found necessary to clean it off with alcohol before use and 
polish finally with chamois leather; otherwise the tube quickly 
became tarnished. Copper tubes were also tried, but were not as 
satisfactory as the silver tubes. 

Objection may be taken to the use of a rubber stopper, but the 
amount of moisture in rubber corks is very small, and the results 
show that the error, if any, was negligible. Ordinary corks are 
obviously unsuitable, on account of the moisture in them. 

The method was found very convenient and rapid in practice, 
and it was desired to ascertain the degree of accuracy attainable. 

The vapour pressures of sulphuric acid solutions are probably 
known with greater accuracy than any other aqueous vapour 
tensions, and experiments were therefore carried out at various 
temperatures and with different concentrations. 


Vapour Pressure of 44°8 per cent. Sulphuric Acid. 


Temperature 19°4°. 20°1°. 25°9°% 29°8°. 30°8°. 
Determined by author’s method... 8°0 81 11°9 15°0 16°0 
From Regnault’s values 7°8 8°2 117 14°9 15°9 

», Sorel’s 79 8°2 11°8 150 16°1 


Vapour Pressure of 34°5 per cent. Sulphuric Acid. 
Temperature 14°2°, 24°2°. 27 °9°. 30°9°. 
Determined by author’s method ... 8°9 15°1 19°1 22°7 
From Regnault’s values 15°3 19°0 22°5 

Measurements have also been made in the case of certain salt 
hydrates, and some of the results are given below. In all cases 
the salt was free from any appreciable amount of impurity. It 
was powdered, a portion of it partly dehydrated, and the whole 
thoroughly mixed. 

For the system CuSO,,5H,O—CuSO,,3H,O, Frowein’s figures 
are, at 20°1°, 49 mm.; at 25°9°, 78 mm. For the same 
temperatures my results were 5°2 mm. and 7°8 mm. For the system 
MgSO,,7H,O —MgS0,,6H,O, at 20°1°, the pressure found was 7°4 
mm., as against 7°77 mm. from Frowein’s results. These results 
are typical of the variations between the pressures found by the 
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dewpoint method and the results given by Frowein. The differences 
are small, and in no case has a difference of more than 0°4 mm. 
been noticed. 

It is uncertain what degree of accuracy is attainable with the 
differential tensimeter method as used by Frowein. Andreae (loc. 
cit.) has shown that in ordinary use a trace of air is left, but that 
air could be completely removed by evacuation while the bulbs of 
the apparatus were immersed in solid carbon dioxide. The mag- 
nitude of the error introduced by neglect of this trace of air will 
vary with the amount of moisture given off by the hydrate, the 
rate at which it is given off, and other details of the particular 
experiment. It is difficult, therefore, to assign even a probable 
value to the experimental error involved in results such as those 
of Frowein. 

As an indication of the magnitude of the possible error from 
residual air, it may be mentioned that Andreae found it to be 
0°2 to 0°3 mm. in his experiments. A comparison of results with 
those of Andreae was not attempted, as his measurements were 
made on the differences in vapour pressure between different 
hydrates, and do not include the actual vapour pressures of single 
hydrates. The results obtained with sulphuric acid solutions prove 
that the dewpoint method is accurate. 

It was found that the equilibrium pressure was quickly attained 
with solutions, and that more time was required for solid hydrates. 
All the solutions so far examined have reached their equilibrium 
pressure within an hour. The vapour pressure of a salt hydrate 
does not usually become constant so quickly, and in some cases a 
steady value is only obtained after one or more days. It was found, 
particularly in the case of salt hydrates, that a slight error is 
introduced if the readings succeed one another at all quickly, and 
a reason for this may be suggested. When water is condensed on 
the surface of the silver tube, the pressure in the apparatus is 
reduced, and more vapour is supplied by the hydrate. The film 
of moisture is vaporised when the tube is warmed, and time must 
therefore be allowed for equilibrium to be re-established before 
another reading is taken. With very slow alteration in the tem- 
perature of the silver tube, and with an hour or more between 
readings, it was found that variations between readings rarely 
exceeded 0°19. A difference of 0°1° at 0° is equivalent to a 
difference of 0°03 mm.; at 10° to a difference of 0°06 mm.; and 
at 20° to a difference of 0°11 mm. An accuracy of 0°1 mm. was 
regarded as quite sufficient for present purposes. It is the inten- 
tion of the author to endeavour to obtain a more delicate apparatus, 
but the method as outlined above is sufficiently accurate for most 
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purposes, and a higher degree of accuracy means a corresponding 
sacrifice in simplicity and speed. 

Lesceeur appears to have taken little trouble to keep the tem- 
perature constant, since he states that the vessel was kept in a 
room the temperature of which did not vary more than 5° from 
the temperature given. 

In later experiments, he applied a correction by calculation when 
the apparatus was not at the desired temperature. In his experi- 
ments, the apparatus was not evacuated, and serious errors may 
arise from this cause, particularly in cases where a long time is 
required to attain the equilibrium pressure. In any case, it must 
be better to remove most of the air, since the vapour pressure in 
the immediate neighbourhood of the apparatus might otherwise 
differ largely from that in other parts of the apparatus. There 
are other minor sources of error, but the above are sufficient to 
account for his results. It should be mentioned that in many, and 
perhaps in most, cases, Lescceur’s results will prove to be accurate, 
but as the matter stands it is not known which results are 
trustworthy. 

The dewpoint method is particularly suited to the measurement 
of aqueous vapour tensions, but it may also be applied to the 
measurement of other vapour pressures. 

It is to be applied to the measurement of vapour tensions 
required in another investigation, and the author hopes to obtain 
also a comparison of results for the vapour pressure of some salt 
hydrates measured by the above method and by an accurate 
differential tensimeter method. 


CHEMISTRY DEPARTMENT, 
UNIVERSITY OF EDINBURGH. 


CXCVII.—Some Mercury Derivatives of Camphor. 


By James Ernest MarsH and Robert DE JERSEY FLEMING 
STRUTHERS. 


In this paper an account is given of experiments made during the 
past two years, some of the results of which have already been 
briefly recorded (Proc., 1907, 28, 246; 1908, 24, 267). The work 
is a consequence of the observation that an alkaline solution of 
mercuric cyanide gives with acetone an insoluble mercury derivative 
(Trans., 1905, 87, 1878). We obtained similar derivatives of other 
ketones, but only with those which have a methyl group attached 
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to the carbonyl group. By using mercuric iodide instead of 
mercuric cyanide, mercury derivatives of other ketones are obtained, 
provided that the ketones contain hydrogen in the a-position with 
respect to the carbonyl group. We have prepared in this way 
mercury derivatives of acetone, acetophenone, diethyl ketone, and 
camphor, but not of benzophenone or fenchone. This reaction has 
been studied mainly so far as it concerns camphor. We have 
subjected camphor to the action of mercuric iodide in presence of 
an alcoholic solution of potassium ethoxide and of an aqueous 
solution of potassium hydroxide with and without the addition of 
potassium iodide, and with and without the action of heat. By 
the action of potassium ethoxide, and by the action of a cold 
aqueous solution of potassium hydroxide, dimercuricamphor di- 
iodide, C,»)H,,OHg,I,, is formed. On the other hand, by employing 
heat, an aqueous solution of potassium hydroxide gives, in presence 
of excess of potassium iodide, a more condensed compound, namely, 
tetramercuritricamphor di-iodide, (C;j)H,,O),Hg,I,. Further, in 
the hot solution, we have obtained evidence of the formation of 
the compound (C,,H,,0),Hg;I, when the potassium iodide is not 
in excess, and of the compound (C,,)H,,0);Hg,I, when the potassium 
iodide is in defect. 


EXPERIMENTAL. 


Action of Mercuric Iodide on Camphor in Presence of Potassium 
Ethoaide. 


When mercuric iodide is added to a solution of sodium or 
potassium ethoxides in alcohol, the red colour of the iodide dis- 
appears, and a pale yellow precipitate takes its place. If, however, 
camphor is dissolved in the solution, the mercuric iodide dissolves 
without giving any precipitate. 1:5 Grams of potassium were 
dissolved in 50 c.c. of absolute alcohol, 9 grams of camphor were 
then added, and, by degrees, 13°5 grams of mercuric iodide. A 
clear solution was obtained, which was poured into water, giving 
a white precipitate. The mixture was then saturated with carbon 
dioxide to prevent reduction to metallic mercury, which is brought 
about by the action of alcohol on an aqueous alkaline solution of 
mercuric iodide. The precipitate was collected, washed with water, 
and dried, to remove excess of camphor. It was then digested 
with an aqueous solution of potassium iodide to remove excess of 
mercuric iodide, and again washed and dried. It weighed 6°5 
grams. The above-described treatment is necessary for the 
removal of the double salt, KHgI,,4C,,H,,O (described at the end 
of this paper), which is formed from its constituents in alcoholic 
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solution. The quantities taken were in accordance with the 
equation : 
9C,9H,,0 + 4HgI, + 2KOEt= 

C,»H,,01,Hg, + 2K HgI,,4C,,H,,0 + 2C,H,0. 

Dimercuricamphor di-iodide was obtained as a nearly colourless, 
amorphous powder. It is insoluble in alcohol, and its solubility 
in the liquid when it is prepared is explained later. We have 
obtained it in a purer form by two other methods. When prepared 
by the above-mentioned method, its analysis gave a low value for 
mercury and a high value for the other constituents. This is 
doubtless due to the difficulty of getting rid entirely of the double 
salt, which retains camphor even when heated for some time: 

Found, C=15°4; H=1°9; I=31°8; Hg=48'0. 

C,)H,,0I1,Hg, requires C=14:9; H=1°7; I=31'5; 
Hg =49°7 per cent. 

A solution of sodium ethoxide in alcohol reacted in a precisely 
similar way. An alcoholic solution of potassium hydroxide, how- 
ever, acted rather differently. In this case, the mercuric iodide 
did not readily pass into solution, and reduction to metallic mercury 
appeared to take place. 


Action of a Cold Aqueous Solution of Potassium Hydroxide on 
Mercuric Iodide and Camphor. 


When a cold solution of potassium hydroxide acts on mercuric 
iodide alone, there is a certain amount of decomposition, with 
formation of potassium iodide and a basic mercuric iodide, without 
apparent change in the colour or density of the precipitate. In 
presence of sufficient camphor, however, the red powder gradually 
disappears, and its place is taken by a pale yellow precipitate, 
which is specifically lighter. The method of preparation was as 
follows. Fifty c.c. of V-potassium hydroxide were mixed with 6°7 
grams of mercuric iodide, and a solution of 0°75 gram of camphor 
in a little petroleum added. The whole was then mechanically 
shaken for several hours until the red powder had disappeared, 
and its place was taken by a nearly colcurless precipitate. The 
point when the reaction is finished is easy to determine, as the 
precipitate is fairly light, and the heavy red powder is seen below 
it as long as any is present. The reaction is hastened by using a 
more concentrated solution of potassium hydroxide. The mixture 
was then freed from petroleum in a vacuum, filtered, washed, and 
dried. The precipitate thus obtained does not appear to be a single 
substance, and its composition varies according to the proportions of 
the materials used. The amounts of mercury and iodine in different 
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samples has varied from 50°1 to 53°6 per cent. of mercury and 
28°5 to 24°7 per cent. of iodine. The product with the lower 
percentage of mercury was obtained by employing only 4°5 grams 
of mercuric iodide. The yield was fairly constant, being about 
5 grams for every gram of camphor used with the full amount of 
mercuric iodide. The amounts were taken in accordance with the 


following equation : 
C,9H 0 + 3HgI, + 2K HO =C,,H,,01,Hg, + K,HglI, + 2H,0. 


According to this equation, two-thirds of the total mercury and 
one-third of the total iodine should be found in the precipitate, 
whilst there was actually found two-thirds of the total mercury, 
but only one-quarter of the total iodine. It seems not 
unlikely that the precipitate consisted mainly of the compound 
C,,)H,,0°Hg,I,, together with a certain variable amount of a 
compound, C,,H,,0-Hg,O. This view receives support from the 
action of a solution of potassium iodide on the substance; the 
solution at once becomes alkaline, and by repeating the treatment 
dimercuricamphor di-iodide is obtained. On analysis: 


Found, I=31'7; Hg=49°2. 
C,,H,,0OI,Hg, requires I=31°5; Hg=49°7 per cent. 


Since potassium hydroxide gives no precipitate with a solution 
of mercuric iodide in potassium iodide, it was thought that the 
dimercuricamphor iodide might be obtained pure by using the 
compound K,HgI, in the alkaline solution. No action at all was 
observed in the cold, even after several months, with this mixture. 
Action, however, readily takes place when the mixture is heated on 
a water-bath, but with the formation of a different compound. 


Action of an Alkaline Solution of the Compound K,Hgl, on 
Camphor at 100°. 


Camphor, dissolved in a little petroleum, was heated with 
an alkaline solution of the compound K,HgI, on a water-bath. 
It was ascertained that the alkaline solution had no action on the 
petroleum alone. With the camphor, in a short time a yellow 
precipitate began to form, and gradually increased in quantity. 
The action was allowed to proceed for twenty-four hours or longer. 
The precipitate was then collected, washed, and dried at 100° to 
remove water and camphor. The amount of alkali employed was 
about 100 c.c. of 33 per cent. potassium hydroxide for every 
10 grams of camphor. The amount of mercuric iodide was varied 
in different experiments, and in each case was dissolved in the 
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requisite amount of potassium iodide. The yield (in grams) is 
given in the following table: Precipitate. 


Camphor. Mercuric iodide. Found. Calculated. 
10 13°3 14 
10 1 17°5 22 
10 19 25 
10 22 33 


The calculated yield is obtained from the equation: 
3C,)H,,0 + 4HgI,+ 6K HO = (C,,H,,0),Hg,1, + 6KI + 6H,0. 

Accordingly, every 10 grams of camphor should require 40 grams 
of mercuric iodide, and give 33 grams of the compound. It is 
seen that the yield approaches nearest to the theoretical amount 
when the camphor is in the greatest excess. The precipitate, even 
after prolonged washing, retains from two to three per cent. of 
fixed mineral matter. Imgnition left potassium iodide, but extraction 
with a large bulk of water gave, after evaporation, not iodide, but 
carbonate. It was estimated as potassium sulphate by ignition with 
sulphuric acid. Analysis of the precipitate gave: I=16°6; 
Hg=51'6; K,CO,;=2°5. If we allow for the 2°5 per cent. of 
impurity, the composition is: 

Found, I=17:0; Hg=52°9. 

Cy9HOsI,Hg, requires I=16°9; Hg=53°2 per cent. 

The method of preparation just described requires a considerable 
amount of potassium iodide, and since this iodide is also found in 
the reaction, there is eventually much more of it than is necessary 
to keep the mercury iodide in solution. It is probable that it is 
this large amount of potassium iodide which tends to prevent the 
completion of the reaction. The plan was therefore tried of making 
the experiment progressive, namely, by starting with small amounts 
of camphor, the compound K,HglI,, and alkali, and adding con- 
tinually fresh charges of camphor, mercuric iodide, and alkali. In 
this way, the original potassium iodide, together with that formed 
in the reaction, serves to dissolve the mercuric iodide if it is not 
added too quickly, or in too large a quantity at a time. Starting 
with 6°6 grams of potassium iodide, we obtained from 15 grams 
of camphor and 45 grams of mercuric iodide, added in five stages, 
36 grams (theory=37) of the compound. In another experiment, 
using 2 grams of potassium iodide, then 21 grams of camphor and 
63 grams of mercuric iodide in 13 stages, we obtained 49 grams 
(theory =51) of the precipitate. The yield will be seen to be much 
better than in the earlier experiments, and, in fact, leaves nothing 
to be desired. The composition of the precipitate was also found 
to be the same: 

Found, I[=167; Hg=51'2; K,CO,=2°2. 
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In this case also, potassium iodide still accumulates in the mother 
liquor. Thus, in the second experiment, the 49 grams of pre- 
cipitate contained 25 grams of mercury and 8°5 grams of iodine. 
The 63 grams of mercuric iodide employed contained 27°7 grams of 
mercury and 35°3 grams of iodine. Hence the solution, which at 
starting only contained 2 grams of potassium iodide, will in the 
end contain 32 grams, and only 6 grams of mercuric iodide. This 
accumulation of potassium iodide may be prevented by employing 
as the fresh charges a mixture of mercuric iodide and chloride or 
a mixture of potassium iodide and mercuric chloride. It was not 
found possible to obtain any mercury derivative of camphor by the 
use of mercuric chloride alone, but the addition of a very small 
quantity of potassium iodide was sufficient to start the reaction. 
With defect of potassium iodide the compound is mixed with 
mercuric oxide. The substance (C,)H,,O);Hg,I, was obtained as 
a pale yellow, amorphous powder. It is scarcely affected by the 
ordinary solvents; alcohol has a slight solvent action, and carbon 
disulphide partly dissolves it without separating it into any simpler 
constituents. It is slowly attacked and decomposed by an aqueous 
solution of potassium iodide, and is rapidly decomposed by 
potassium iodide in acetone solution. The halogen and hydrocyanic 
acids readily decompose it into camnhor and a mercuric salt. The 
diluted oxygen acids have little or no action. Concentrated nitric 
acid oxidises it, giving camphoric acid, melting at 186° (anhydride, 
m. p. 220°); concentrated sulphuric acid decomposes it, with 
separation of mercuric iodide. A more complete study of the 
action of glacial acetic acid was made. 


Action of Glacial Acetic Acid on the Compound (C,)H,,0);Hg,I;. 


When the compound is heated with glacial acetic acid, the whole 
dissolves, and, on cooling, mercuric iodide crystallises out. The 
filtrate gives a clear mixture with water, and on evaporation dries 
to a colourless, transparent glass. It was not obtained in a 
form suitable for analysis, but the experiments recorded below 
leave no doubt that it is the acetate of mercuricamphor, 
C,)H,;0-Hg*O-CO-CH;. The action of the hot acetic acid may be 
represented by the following equation: 

(CioH,0)3Hg41, + 3C,H,O, = Hgl, + 3C;9H,;0°Hg*C,H,0,. 

When cold glacial acetic acid acts on the compound, a different 
reaction takes place. The yellow colour of the compound dis- 
appears, and a white precipitate and a colourless solution result. 
The change is complete in about an hour. It suggests by its 
appearance, not the extraction of a coloured from a colourless con- 
stituent in a mixture, but rather the occurrence of a definite 
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reaction. After an hour or longer, the precipitate was collected, 
washed, and dried. It was analysed, and found to be dimercuri- 
camphor di-iodide, C,»)H,,OHg,I, : 

Found, C=14°7; H=1°9; I=31'3; Hg=49°0. 

C,,H,,OI,Hg, requires C=14°9; H=1°7; I=31'5; 
Hg=49°7 per cent. 

The filtrate, on dilution with water, gave a slight further pre- 
cipitate. The solution resembled closely, especially in its reaction 
with potassium iodide, the similar solution obtained with hot acetic 
acid. On the supposition, therefore, that it contains mercuri- 
camphor acetate, the following equation represents the action of 
cold acetic acid: 

(CjpHy40) 3H gy], + 2C,H,O2 = CipH,,01,H gs + 2C;)H);0°Hg*C,H 30. 

The theoretical yield of dimercuricamphor di-iodide is accordingly 
53 per cent. In two experiments, we found 50 and 52 per cent. 
respectively, this being the total precipitate after adding water. 

Dimercuricamphor di-todide is a colourless, amorphous powder, 
insoluble in water and other neutral solvents. It can be sublimed 
without melting, and without apparent decomposition. It is not 
dissolved or decomposed by an aqueous solution of potassium iodide. 
Whilst neither alcohol nor acetone dissolve the substance, a mixture 
of it and potassium iodide in molecular proportions is readily 
soluble in alcohol, and almost without limit in acetone. These 
observations show that the dimercuricamphor di-iodide is not present 
as such in the original substance, since both an aqueous solution of 
potassium iodide and acetone and potassium iodide decompose that 
substance. Hence the original substance is not a mixture contain- 
ing dimercuricamphor di-iodide as a constituent, but is most 
probably a definite compound. 

There is no reason to suppose that the dimercuricamphor di-iodide 
obtained in this way is a different compound from that obtained 
by the action of potassium ethoxide or of a cold solution of 
potassium hydroxide on a mixture of camphor and mercuric iodide. 
It was at first thought that the compound produced by the action 
of potassium ethoxide was different because it gave a clear solution 
in alcohol. But since potassium iodide is formed at the same time, 
the substance dissolved is not dimercuricamphor di-iodide, but the 
double salt, C,)H,,0°Hg,I,,KI, which, as previously mentioned, is 
readily soluble in alcohol. Probably the equation explaining the 
action of potassium ethoxide is best represented as: 
5C,)H,,0 + 3HgI, + 2KOEt = 

C,)H,,0O°Hg,I,,KI + KHgI3,4C,,H,,0 + 2C,H,0. 


Here both the double salts are soluble in alcohol. 
6 B2 
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Mercuricamphor Iodide, C,H,,O’HgI, and its Double Salt, 
C,)H,,O°HglI,HglI,. 


The solution obtained by the action of glacial acetic acid on the 
original substance, and presumed to contain mercuricamphor 
acetate, was, after dilution with water, treated with a solution of 
potassium iodide, when a thick, yellow precipitate was formed. 
This precipitate redissolved with excess of potassium iodide, being 
thereby decomposed. The addition of potassium iodide was stopped 
when it ceased to give any further precipitate, and the orange- 
yellow substance was collected. It proved to be a double salt of 
mercuricamphor iodide with mercuric iodide, of the formula 
C,9H,,0O°HgI,Hgl., which was not quite pure. Analysis gave: 

Found, C=13'0; H=1°9; I=38'4; Hg=42°6. 

C,9H,,OI,Hg, requires C=12°9; H=1°6; I=40°8; 
Hg=42°9 per cent. 

It may be represented as being formed by the equation: 

2C,9H,,0°Hg°C,H,0, + 3KI + C,H,0, = 
C,)H,,0°-HgI,HglI, + 3C,H,0,K + C,)9H,,0. 

It will be seen that in order to obtain this compound, mercuric 
iodide has to be formed at the expense of the camphor compound. 
To prevent this, a solution of mercuric iodide in potassium iodide 
was used to precipitate the compound, with the effect of more 
than doubling the yield of it. Although potassium iodide in the 
acetic acid solution decomposes the compound with separation of 
camphor, in neutral solution it only removes the mercuric iodide 
from the double salt without decomposing it further. In this way, 
mercuricamphor iodide, C,,)H,,O-HglI, is left as a nearly colourless 
precipitate. It was washed, dried, and analysed: 

Found, C=24°8; H=3'2; I=265; Hg=42°0. 

C,)H,,0THg requires C=25'1; H=3'1; I=26°5; 
Hg=41'8 per cent. 

Mercuricamphor iodide is soluble in ethyl acetate, and crystai- 
lises from it in very minute, colourless crystals, melting at 184°. 
It is decomposed by glacial acetic acid. The deficiency of iodine 
in the analysis of the double salt is probably due to the removal 
of some mercuric iodide from it by using a slight excess of potassium 
iodide. The same cause has raised the amount of carbon without 
appreciably affecting the percentage of mercury. 


Mercuricamphor Bromide, C,j)H,,0°HgBr. 


Ten grams of the compound (C,)H,,0),Hg,I, were treated with 
15 c.c. of cold glacial acetic acid for one hour, then diluted with 
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water, and filtered. To the filtrate was added a solution of 
potassium bromide in water, as long as it gave a precipitate. 
1°3 Grams of potassium bromide were required. The white pre- 
cipitate was collected, washed, and dried. It weighed 4°5 grams 
(theory =5°7): 

Found, Br=18'2; Hg=45°8. 

C,,H,,;OBrHg requires Br=18'5; Hg=46°4 per cent. 

Mercuricamphor bromide is insoluble in water, but readily 
soluble in glacial acetic acid, from which it separates in colourless, 
transparent crystals, melting at 220—-221°. It is soluble to a 
certain extent in dilute acetic acid; hence the full amount is not 
precipitated when potassium bromide is added to the acid solution. 


Mercuricamphor Chloride, C,)H,,;0°HgCl. 


As before, 10 grams of the compound (C,)H,,O);Hg,I, were 
digested for one hour with cold glacial acetic acid, and the mixture 
was diluted with water and filtered. The filtrate was precipitated 
by the gradual addition of a solution of sodium chloride; 0°7 gram 
of sodium chloride was just in excess. The precipitate, after 
washing and drying, weighed 4 grams, whilst theory requires 
5 grams [(C,9H,,0O),;Hg,I, gives 2C,,H,,O°-HgCl], and the amount 
given by 0°7 gram of sodium chloride should be 4°8 grams. The 
chloride, although insoluble in water, is sparingly soluble in dilute 
acetic acid. It crystallises well from glacial acetic acid. Before 
crystallisation it melted at 219°, and afterwards at 222°: 

Found, Cl=9°2; Hg=51°8. 

C,»H,,OCIHg requires Cl=9°2; Hg=51‘7 per cent. 

Professor Bowman reports on the crystals as follows: “ Mostly 
aggregates of flattish needles, with pointed ends, having a longi- 
tudinal cleavage. The material is biaxial, and small crystals and 
cleavage flakes show under the microscope a division into two 
halves by a longitudinal twin junction. The extinction is nearly 
straight. Through each half emerges a single optic axis inclined 
slightly in the plane transverse to the needles. The crystals show 
only imperfect extinction between crossed Nicols, and appexr to 
consist of overlapping lamelle. The double refraction is moderate, 
and is compensated by a quartz wedge inserted parallel to the length 
of the needles.” 


Mercuricamphor Oxide, (C;,>H,,0OHg),0. 


The existence of the iodide, bromide, and chloride of mercuri- 
camphor indicated the possibility of obtaining the base or oxide, 
of which they may be regarded as salts. This base was obtained 
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by precipitating the acetate with pure sodium hydroxide. It is 
necessary for this purpose that the hydroxide should contain no 
chloride; if it does, the chloride is precipitated along with the 
base. 

Seven grams of the compound (C,,H,,0),;Hg,I, were digested for 
an hour with 15 c.c. of cold glacial acetic acid, the mixture being 
then diluted with water, and filtered. The filtrate was mixed with 
100 c.c. of 10 per cent. pure sodium hydroxide, when a white, 
granular precipitate was formed, which, when washed and dried, 
weighed 2°3 grams (theory=3°3). The base is probably slightly 
soluble in water, as potassium iodide gave a precipitate with the 
solution from which the base had been separated: 

Found, C=33'1; H=41; Hg=55°4. 

C.»)H3,0;Hg, requires C=33°4; H=4'2; Hg=55°7 per cent. 

The oxide is readily soluble in alcohol or carbon disulphide, but 
does not crystallise. From carbon disulphide it is left, on evapora- 
tion, as a clear, transparent glass. On heating above 100°, it loses 
camphor, with formation apparently of the oxide (C,)H,,0),Hg,0. 
From the base by the action of acids, and from the chloride by 
double decomposition, other salts of mercuricamphor have been 
prepared, for example, the sulphate, nitrate, oxalate, and benzoate, 


but have not as yet been completely examined. 


Action of Iodine on the Compound (C,)H,,0),;Hg,I, : 
Diiodocamphor. 


Twelve grams of the mercuricamphor compound were treated 
with a cold solution of 8 grams of iodine in benzene. Mercuric 
iodide soon began to separate, and when the action was apparently 
finished, the filtered solution was evaporated in a current of carbon 
dioxide in the dark. Pale yellow, hard crystals separated, which 
weighed 6 grams (theory=8 grams). The substance was recrystal- 
lised from petroleum, when it melted at 109°. Analysis showed it 
to be di-iodocamphor : 

Found, C=30°6; H=3'9; I=62°7. 

CypHyI, requires C=29°'7; H=3'5; I=62°8 per cent. 

The rotation in 2°8 per cent. chloroform solution was about 
[a],+ 28°, but the accurate determination was difficult, owing to 
th? separation of iodine. 

Ditodocamphor decomposes on keeping, especially in a closed 
bottle; it is more stable when freely exposed to air. Its solution 
in petroleum or chloroform gives free iodine on exposure to light, 
and its solution in petroleum also becomes coloured by iodine on 
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warming. The production of di-iodocamphor in this way shows that 
in the original substance two hydrogen atoms of the camphor have 
been replaced by mercury. 


Action of Aqueous Potassium Hydroxide on the Compound 
(C,oH,,0)sHg,1,. 


By heating the campound (C,)H,,0O),Hg,I, with potassium 
hydroxide containing potassium iodide on a water-bath, a substance 
containing 12 to 13 per cent. of iodine was formed. Further, by 
prolonged heating with potassium hydroxide and removing the 
alkali whenever it was found to contain iodine, a compound free 
from iodine was eventually obtained. This substance, which is 
colourless, has the composition represented by the formula 
(CioH,0),Hg;0 : 

Found, C=261; H=3'2; Hg=64'4. 

C,)H.,0,Hg; requires C= 26°2; H=3'0; Hg=65'5 per cent. 

We have obtained compounds poorer in iodine similar to those 
mentioned above by diminishing the amount of potassium iodide 
used in the preparation of the original substance. For example, 
when mercuric chloride was employed with very little potassium 
iodide (3 grams of camphor, 5°3 grams of mercuric iodide, and 
1 gram of potassium iodide), alcohol extracted from the product of 
the reaction a substance closely agreeing in composition with the 
formula (C,)H,,0);Hg,I,: 

Found, I=11°3; Hg=54'1. 

C;9H7)0;1,Hg, requires I=11°5; Hg=54°4 per cent. 

Hence it seems likely that the action of potassium hydroxide 
and iodide on the substance (C,)9H,,0O);Hg,I, is, in the first place, to 
form the more highly condensed compounds (C,)H,,0),Hg;I., which 
contains 13°7 per cent. of iodine, and (C,)H,,0);Hg,I,; and that the 
latter compound is decomposed by the action of the potassium 
hydroxide in accordance with the following equations: 

4(C,oH,,0)s;Hg,1, = 3(C,yH,,0), Hg; 1, + Hel. 

5(CyoH 40) H gs 1, = 4(CypH 40) Hegel, + Hel. 

(Cy9H40);HggI, + 2K HO = 2(C,)H,,0).Hg,0 + C,9H,,0+ 2KI. 

The condensation of camphor with mercuric iodide in presence 
of alkali takes place, in the first instance, with formation of the 
compound C,,H,,0Hg,I,, On heating, a further condensation 
occurs, with the formation of the compound (C,)H,,0),Hg,I,, and 
there is evidence of the probable existence of the com- 
pounds (C,,H,,0),Hg,I, and (C,,H,,O);Hg,I,. The compound 
(C,»H,,0),HgsI, in the series is missing, but is represented by the 
compound (C,)H,,0),Hg,0. The mercury in all the compounds 
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investigated and described in this paper appears in the mercuric 
state. In no case when the compounds have been decomposed by 
a halogen acid has the mercury separated as a mercurous salt. 


Double Salt of the Compound KHgI, with Camphor of Crystal- 
lisation, KH gI3,4C,)H,,0. 


Mercuric iodide dissolves in water containing two molecular 
proportions of potassium iodide for every one of mercuric iodide. 
In certain organic solvents, such as ethers, mercuric iodide dissolves 
along with one molecular proportion of potassium iodide; that is, 
as the salt KHglI,, instead of K,HgI, Consequently, when an 
aqueous solution of the latter is shaken with ethyl acetate or ethyl 
formate, the salt KHglI, is dissolved, and if the solution is fairly 
concentrated, the ethereal solution becomes heavier than the 
aqueous, and sinks to the bottom. The salt, after evaporation of 
the ethyl formate, was analysed: 


Found, HgI,=73°0; KI=26°9. 
KHgl, requires HgI,=73°2; KI=26°8 per cent. 


The same salt was also obtained from ethyl acetate. An experi- 
ment was made to ascertain to what extent the salt K,Hgl, is 
decomposed when its aqueous solution is shaken with an ester. 

3°3 Grams of potassium iodide and 4°5 grams of mercuric iodide 
were dissolved in 10 c.c. of water, and the solution shaken with 
10 c.c. of ethyl acetate. The lower ester layer gave on evaporation 
43 grams of the salt KHglI,, and the upper aqueous layer gave 
3°5 grams of a mixture of potassium iodide, with a little mercuric 
iodide. The numbers are fairly in accordance with the following 
equation : 

3K,HgI,= 2K Hgl, + (KI),Hgl,. 


In ether. In water. 


When a solution of camphor in alcohol is added to an aqueous 
solution of mercuric iodide in potassium iodide, oily drops soon 
begin to form on the surface of the liquid, and after a time solidify 
to a mass of crystals. The crystals are hard, not at all of a 
camphor-like nature, and are of a pale yellow colour. Analysis 
showed that they had the composition KHgI,,4C,,H,,0: 


Found, Camphor=49°5; HgI,=36°9; KI=13°5. 
CyHesO,I;HgK requires Camphor=49°5; HgI,=36°9; 
KI=13°5 per cent. 


When camphor, mercuric iodide, and potassium iodide are dis- 


ws Ne Aw | ad Ll SS 


OPTICALLY ACTIVE SUBSTANCES, ETC. 1789 


solved in a moderate amount of alcohol, in the proportions indicated 
by the formula, the whole sets to a mass of crystals. The crystals 
are quite stable unless exposed for some time to the air, when they 
lose their crystalline form and crumble to powder. Their melting 
point is 65°, and their rotatory power is that of the camphor 
contained in them. 


Untversiry LABORATORY, 
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CXCVIII.—Optically Active Substances Containing no 
Asymmetric Atom. 1- Methylcyclohexylidene - 4- 
acetic Acid. 


By Witu1am Henry Perkin, WILLIAM JAcKsoN Pope, and 
Otto WALLACH. 


A PERUSAL of van’t Hoff’s early work on optical activity makes it clear 
that he adopted the view, first advanced by Pasteur, that the optical 
activity of amorphous substances is due to enantiomorphism of mole- 
cular configuration. Van’t Hoff and Le Bel developed Pasteur’s con- 
clusion by introducing a definite theory of the configuration of carbon 
compounds, and showed that the enantiomorphism of molecular con- 
figuration possessed by all known optically active substances could be 
correlated with the presence of asymmetric carbon atoms in the 
molecule. 

The optical activity is, in fact, not, as is still sometimes stated, due 
to the presence of an asymmetric carbon atom, but originates in the 
enantiomorphous molecular configuration. The identification of a 
particular carbon atom in the molecule as asymmetric is merely a 
convenient method for recognising enantiomorphism of molecular 
configuration. 

Van’t Hoff realised that organic substances are capable of formula- 
tion which, whilst possessing enantiomorphous molecular configurations, 
contain no asymmetric atom, and quoted, as an instance, the formula 


Re >o:0:0<Bs as that of a substance which should be of enantio- 
2 4 


morphous molecular configuration, and therefore capable of exhibiting 
optical activity in the amorphous state, although its molecule contains 
no asymmetric atom, 


1790 PERKIN, POPE, AND WALLACH: OPTICALLY ACTIVE 


The statement is sometimes made that inosite, which is optically 
active in solution and has the configuration 
OH H 


\ i / i 
o—O 
OH OH 


contains no asymmetric carbon atom. This, however, seems to 
involve a misapplication of the definition of an asymmetric carbon 
atom. The carbon atom (1) is separately attached to the two systems, 


OH H H H 

| | | ! 
O-O- 4 -O-@- 

H OH OH OH 


which differ configurationally in the same way respectively as do the 
d-tartaric and mesotartaric acids; although these two groups thus 
differ in configuration, they are not enantiomorphously related. The 
carbon atom (1) being attached to these two configurationally dis- 
similar groups and to two others, namely, H and OH, is directly joined 
to four quite dissimilar groups, and is hence asymmetric ; in the same 
way, it will be seen that the other five carbon atoms in the inosite 
molecule are also asymmetric. 

No case has, in fact, been experimentally realised of a substance 
exhibiting optical activity in the amorphous state and containing no 
asymmetric carbon (nitrogen, sulphur, selenium, tin, or silicon) atom. 

In view of the theoretical importance attaching to the discovery of 
substances exhibiting optical activity in the amorphous condition, and 
hence possessing enantiomorphous molecular configurations, but con- 
taining no asymmetric atom, it appeared desirable to attempt, by 
modern synthetic methods, the preparation of such compounds, The 
study of allene derivatives such as were considered by van’t Hoff pre- 
sented obvious disadvantages ; the facility with which such substances 
undergo isomeric change and become converted into acetylene deriv- 
atives, and their tendency to combine with water, etc., to yield ethylene 
derivatives, might be expected to introduce experimental difficulties 
which would be desirably avoided. Perkin and Pope (Proc., 1906, 
22,107; Trans., 1908, 93, 1075) therefore synthesised the 1-methyl- 
cyclohexylidene-4-acetic acid, 


OH CH,:CH,~ ..,.-H 
H>C<on?-cH. > C'C<c0,H 
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which contains no asymmetric carbon atom, but which, in accordance 
with the van’t Hoff conception, possesses an enantiomorphous 
molecular configuration, and attempted its resolution into optically 
active components. By a curious coincidence, Marckwald and Meth 
were at the same time engaged upon the synthesis of the same compound 
for the same purpose ; they obtained an acid, melting at 40—41°, to 
which they assigned the constitution given above and effected its 
resolution into optically active components (Ber., 1906, 39, 1171). 
The acid melting at 40—41° was, however, quite different from that 
prepared by Perkin and Pope, which melts at 66°,* and the latter 
authors suggested (Proc., 1906, 22, 107) that Marckwald and Meth’s 
acid is the isomeric 1-methyl-A®-cyclohexene-4-acetic acid of the con- 
stitution 


(1) 
oon OH, SO-CH,"CO,H. 


As the carbon atom numbered (1) in the latter constitutional 
formula is obviously attached to four constitutionally dissimilar 
groups it is asymmetric in the ordinary sense; the resolution of such 
a synthetic product into optically active components therefore merely 
illustrates again the optical activity of substances which contain an 
asymmetric carbon atom in the molecule. 

The difference of opinion briefly referred to above gave rise to a 
long controversy, and led to an extended series of experimental investi- 
gations (Marckwald and Meth, Ber., 1906, 39, 1171, 2035, 2404; 
Wallach, Annalen, 1907, 313, 311; 1909, 365, 255; Perkin and 
Pope, Trans., 1908, 93, 1075; Harding, Haworth, and Perkin, 
Trans., 1908, 93, 1943 ; Hope and Perkin, Trans., 1909, 95, 1360) 
The final result of this work has been to prove conclusively that the 
original view taken by Perkin and Pope was correct ; the acid melting 
at 66° is the true 1-methylcyclohexylidene-4-acetic acid, whilst the acid 
melting at 40—41°, which Marckwald and Meth supposed to be the 
latter acid, is the 1-methyl-A*-cyclohexene-4-acetic acid, the graphic 
formula of which contains an asymmetric carbon atom. The resolu- 
tion effected by Marckwald and Meth thus failed to yield a substance 
exhibiting optical activity and containing no asymmetric atom. 

The close study devoted to the two isomeric acids under discussion 
led to simplifications in the preparation of 1-methylcyclohexylidene-4- 
acetic acid (Wallach, Annalen, 1909, 365, 266), so that large quanti- 
ties of this acid could be readily obtained for subjection to the treat- 
ment usually employed for the resolution of externally compensated 
acids into their optically active components. Owing to peculiarities 
in the behaviour of the substance, its resolution presented considerable 
difficulty, but we ultimately succeeded in separating the d- and 


* The melting point, 70°, originally given is somewhat too high. 
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l-components of 1-methyleyc/ohexylidene-4-acetic acid in a state of 
purity. Weare thus able to describe the first case of an optically 
active substance which possesses an enantiomorphous molecular con- 
figuration, although its constitutional formula contains no asymmetric 
atom. 

In discussing the molecular configuration of 1-methyleyclohexylidene- 
4-acetic acid, it is convenient to adopt the rigid, but doubtless in- 
correct, view that the four valency bonds attached to the methane 
carbon atom in the molecule of a methane derivative are directed 
towards the apices of a regular tetrahedron, of which the carbon atom 
mentioned occupies the centre. The actual conditions, apart from the 
fact that they are dynamic and not static as just premised, are 
probably far less symmetrical than is indicated by our assumption ; 
since, however, the space relations which give rise to the molecular 
enantiomorphism of the new acid can be readily elucidated on the basis 
of a symmetrical and rigid configuration for methane derivatives, 
nothing, for present purposes, is to be gained by introducing the 
more complicated, although doubtless more accurate, conditions indicated 
above. 

The configuration of 1-methyleyclohexylidene-4-acetic acid may be 
represented in the following manner : 


9 
H (c) 


6) CH, _CH,—CH 

(5) 3 OM 2 6 0 

(a) H“1\cH,—CH,“4 7 \CO,H (d) 
8 


in which those bonds represented by unbroken lines all lie in one 
plane, and those represented by broken lines lie in a plane perpen- 
dicular to the first ; if the continuous lines represent bonds which lie 
in the horizontal plane of the paper, the broken lines stand for bonds 
which lie in the vertical plane passing through the carbon atoms 
numbered 1,4, and 7. It will now be seen that the plane of the 
paper which contains the continuous line bonds is not a plane of 
symmetry of the solid configuration, because the hydrogen atom 
marked (a), which lies outside that plane, is not repeated on the other 
side of the plane, the symmetrical position being occupied by the methy| 
group (5). Similarly, the vertical plane remarked above is not a plane 
of symmetry of the configuration, because the groups (c) and (d), of 
different compositions, occupy symmetrical positions on two sides of 
the plane ; in the same way, it can be shown that no other plane is a 
plane of symmetry of the configuration as above represented. 
Further, no directions can be distinguished as axes of symmetry of 
the solid configuration, nor can any point be located within it as a 
centre of symmetry. 
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It is thus seen that, even when a highly symmetrical configuration 
is attributed to methane derivatives, the configuration assignable to 
1-methyleyclohexylidene-4-acetic acid possesses neither planes, axes, 
nor a centre of symmetry. The absence of all these elements of sym- 
metry is more than is requisite to determine the enantiomorphism of 
the configuration. 

From tne above discussion it will be observed that the configuration 
of 1-methyleyclohexylidene-4-acetic acid is enantiomorphous, even under 
the highly symmetrical condition represented by placing the carbon 
atoms numbered | to 8 and the hydrogen atom (c) in the plane of the 
paper and the carbon atom numbered 9 and the hydrogen atom (a) in 
the plane, perpendicular thereto, referred to above. The enantio- 
morphism would indeed persist if the hydrogen atoms (a) and (c) and 
the carbon atoms 8 and 9 were centred at the apices of a regular 
tetrahedron. 

The conviction that the structural formule assigned to chemical 
substances imitate with considerable approximation to truth the real 
nature of molecular constitution was appreciably deepened by the in- 
troduction of the theory of the configuration of methane derivatives 
by van’t Hoff and Le Bel; the development of the theory by Wisli- 
cenus, so as to embrace the configuration of ethylene derivatives, and 
by von Baeyer, in connexion with polymethylene derivatives, has 
strengthened the view that the constitutional formule of organic 
chemistry represent very closely the actual atomic arrangement of 
molecular complexes. The considerations which led to the work 
described in the present paper involved, as has been seen, the develop- 
ment of the original simple geometrical conception of the space con- 
figuration of methane and ethylene derivatives to*an extent which 
may appear extreme. The fact that we have been able to show 
a close correspondence between the anticipations thus derived 
and the experimental results must be regarded as an independent 
demonstration of the fidelity with which constitutional formule 
picture molecular consti‘utions. 


Resolution of 1-Methylcyclohexylidene-4-acetic Acid. 


The resolution of externally compensated 1-methylcyclohexylidene.4- 
acetic acid into its optically active components is attended with some 
difficulty, owing, in the main, to the very feeble acidic properties of 
the substance. The inactive acid thus crystallises unchanged from 
solutions in the fairly powerful base, 1-tetrahydroquinaldine, and can be 
extracted by appropriate neutral solvents from its mixtures with many 
of the optically active alkaloids. A clue to a successful mode of reso- 
lution was, however, ultimately derived from the observation that on 
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mixing aqueous solutions of brucine hydrochloride and sodium 
1-methyleyclohexylidene-4-acetate a copicus separation of an oil 
occurs ; although this oily salt does not crystallise readily, the fact of 
its formation can be utilised for the isolation of the two enantio- 
morphously related acids. 

As the result of a large amount of preliminary work, the following 
method was finally adopted for the resolution of the externally com- 
pensated acid. Toa hot aqueous solution of two molecular propor- 
tions of externally compensated sodium 1-methyleyclohexylidene-4- 
acetate is added a hot aqueous solution of slightly less than one 
molecular proportion of brucine hydrochloride ; during admixture, 
alcohol is added in just sufficient quantity to prevent the solution 
becoming turbid by the separation of an oily salt. On allowing the 
solution to cool slowly, an oil begins to separate, which, by persistent 
scratching with a glass rod, or better, by inoculation with crystalline 
salt obtained in a previous operation, may be caused to crystallise. In 
accordance with the experience of Pope and Peachey in connexion with 
the resolution of externally compensated bases (Trans., 1899, 75, 
1066), it was to be expected that the crystalline salt which separated 
should be the least soluble of which the formation is possible in the 
system. The crystalline salt which separates under these conditions 
does, indeed, consist, in the main, of one product, namely, of brucine 


l-1-methyleyclohexylidene-4-acetate, so that the change can be expressed 
by the equation : 


NaOH,dA + Na0OH,/A +/B, HCl =/B/A + NaOH, HCl + NaOH,dA. 


As will be pointed out later, however, a complicating factor is intro- 
duced, in that the two sults, /B/A and /BdA, behave as if they were 
partially isomorphous and form solid solutions. 

The operation described above yields a crystalline separation, which 
has the composition of brucine /1-methyleyclohexylidene-4-acetate, 
but which, on recrystallisation, is found to be by no means homo- 
geneous ; thus, in one case, on fractionally crystallising the separation 
obtained as described above from dilute alcohol in such a manner that 
the original separation was divided into five fractions, .the con- 
secutive fractions gave the following specific rotatory powers in 
1 per cent. alcoholic solutions: [a], —44°7°, —22°0°, — 40°79, —23°7°, 
and — 33°6°. 

The manner in which in these and a number of other trials the 
specific rotatory powers change from fraction to fraction indicates 
(1) that the original separation isa mixture of at least two substances, 
and (2) that the resolution of the mixture by recrystallisation does not 
follow the ordinary course ; the separation is, in fact, complicated by 
the exhibition of behaviour somewhat similar to that observed with 
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mixtures of two substances which tend to form solid solutions, and 
readily yield supersaturated solutions. Since the two compounds 
present in the mixtures are presumably the /- and d-l-methyleyclo- 
hexylidene-4-acetates of J/-brucine, it was, however, indicated by 
these results that some degree of separation could be effected by frac- 
tional crystallisation. Considerable quantities of the first separation 
of crystalline salt, obtained as above described, were therefore sub- 
jected to systematic fractional crystallisation from very dilute alcohol ; 
the specific rotatory power of each fraction as it was separated was 
ascertained, and the numerous fractions were sorted into portions of 
approximately the same rotatory power. After a preliminary separa- 
tion in this way into separate fractions of fairly uniform rotatory 
power, the systematic fractional crystallisation was repeated. As the 
final product of the prolonged application of this tedious process, a 
highly levorotatory salt was ultimately obtained, the rotatory power 
of which was unaltered by subsequent crystallisation. The material 
thus obtained gives all the ordinary indications of homogeneity, and 
separates from dilute alcoholic solution in elongated, colourless, rect- 
angular prisms ; it melts at 97—100° when dried in the air, and after 
expelling the water of crystallisation by heating at about 85°, com- 
mences to melt at 74°. As its properties appeared unaffected by 
further recrystallisatiou, it was regarded as the pure salt, /-brucine 
l-1-methyleyclohexylidene-4-acetate. 


Brucine levo-1-Methylcyclohexylidene-4-acetate, 
C.3H 940,N9,0)H,,0,,2H,0. 


A considerable quantity of salt answering to the above description 
having been accumulated, the whole was crystaliised from dilute 
alcohol, and the following analyses and determiuations of rotatory 
power made on the substance thus obtaived : 


0°3900, heated at 85°, lost 0°0242 H,O. H,O=6-21. 
0:0790, air-dried salt, gave 0°1902 CU, and 0:0522 H,0O. 
Subtracting H,O=6°21; C=73:00; H=7'14. 
C,.H,9O,N.,2H,O0 requires H,O=6:17; C=70-02; H=7:'35 per cent. 
For the determinations of the rotatory power, shown in the table 
below, the substance was made up to 20°05 c.c. with the solvent, and a 
2-dem. tube employed in each case. 


Substance 

gram. Solvent. 
0°1553 Absolute alcohol 
0°1570 ys 
0'3983 a 5 
05680 
0°1683 Methylal 
0°1458 Water 
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It thus appears that the specific rotatory power diminishes with 
increasing concentration in alcoholic solution, that the specific rotatory 
power is much higher in methylal solution, and that in water, in 
which alone the salt may be supposed to be practically completely 
dissociated, the specific rotatory power has the lowest value. 

In view of the difficulty which attends the preparation of the salt 
characterised by the above constants, it was deemed advisable to 
subject the whole mass of material to further fra¢tional crystallisation 
from dilute alcohol in order to make quite sure that its rotatory 
power had attained a constant value. It was therefore crystallised 
four times from absolute alcohol, and the following determination of 
the rotatory power made with the product : 

0°1528 gram, made up to 20°05 c.c. with absolute alcohol, gave 

ay —0°89° in a 2-dem. tube ; whence [a], —58°4°. 

The material was then subjected to another and fifth crystallisa- 
tion from the same solvent, and the product found to give the following 
results on determination of its rotatory power : 

0°1494 gram, made up to 20°05 c.c. with absolute alcohol, gave 

ay — 087° in a 2-dem. tube ; whence [a], —58°4° 

Since in a 0°75 per cent. alcoholic solution the salt exhibited the 
specific rotatory power [a], —58°1°, as quoted above, and after four 
and five recrystallisations the values [a], —58°4° and —58°4° were 
obtained, these being experimentally identical with the first, little 
doubt seemed possible concerning the homogeneity of the substance. 
The following work, however, showed that this conclusion is incorrect. 

On decomposing a small portion of the salt by addition of 
hydrochloric acid, a sample of acid was obtained which melted at 
51—52°, and gave the following result on determination of its 
rotatory power : 

0°1253 gram, made up to 20:05 ¢.c. with absolute alcohol, gave 

apy —0°97° in a 2-dem. tube; whence [a], —77°6°. 

The main quantity of the salt, which was in the form of stout, 
crystalline prisms, was next treated with hydrochloric acid, and the 
precipitated acid filtered; associated with it, however, was some 
brucine hydrochloride, which could not be conveniently washed out 
with water. The whole mass was therefore warmed with sodium 
carbonate solution, and, after filtration, the acid was precipitated by 
hydrocbloric acid, collected, washed, and dried. The acid thus obtained 
melted at 47°5—49°5°, and gave the following results on determination 
of its specific rotation : 

0°1509 gram, made up to 20°05 c.c. with absolute alcohol, gave 

ay — 1°10° in a 2-dem. tube ; whence [a], — 73°7°. 

The residue left after warming the crude acid with sodium carbonate 
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solution as above described still contained acid ; this was extracted by 
successive treatments with hydrochloric acid and sodium carbonate 
solution, and melted very sharply at 52°5—53°. It gave the following 
results on determination of its rotatory power : 


01459 gram, made up to 20°05 c.c. with absolute alcohol, gave 
a, —1'18° in a 2-dem. tube ; whence [a], — 81°1°. 


It is thus seen that the salt which yields acid of specific rotatory 
power [a], —77°6° gives, when the acid is separated in two fractions 
as described above, samples having the specific rotatory powers, 
[a], —73°7° and —81-1° respectively. 

n view of the unsaturated character of the acid, it seemed 
advisable to ascertain whether the above variations in rotatory power 
were caused by optical inversion during the liberation of the acid from 
the brucine salt. A quantity of the acid having the specific rotatory 
power [a], —73°7° was therefore distilled in a current of steam; the 
acid separated from the distillate was found to have the specific rotatory 
power [a], —74°0°. A further portion of the same sample of acid 
was next heated for ten hours on the water-bath with excess of a 10 
per cent. sodium carbonate solution ; during this treatment the solu- 
tion became brown in colour, but the acid subsequently separated 
from it was found to exhibit the specific rotatory power of [a], —71-:9°. 
These results indicate that the optical activity of the acid is prac- 
tically unaffected by somewhat drastic treatment, and show that the 
observed variations in rotatory power cannot be attributed to the 
occurrence of optical inversion. 

The explanation of the anomalous behaviour of the brucine salt 
appears to be as follows. It is seen that prolonged fractional crystal- 
lisation is necessary in order to obtain a brucine salt of constant rota- 
tory power, namely, [a], —58°1° in a 0°75 per cent. absolute alcoholic 
solution ; it is also observed that the salt is not homogeneous, because 
the two fractions of acid separated from it have the rotatory powers 
of [a], —73°7° and —81'1° respectively. Taken together, these facts 
indicate that the salt of specific rotatory power [a], —58°1° is an 
equilibrium mixture of brucine /- and d-l-methylcyclohexylidene-4- 
acetates which is not resolvable by further fractional crystallisation 
from dilute alcohol under the conditions established ; the slowness 
with which the maximum rotatory power [a], -—58°4° is attained 
during prolonged fractional crystallisation suggests that the two salts 
form solid solutions. ‘his is also in accordance with the facts that 
both contain the same proportion of water of crystallisation, and that 
an approximately complete resolution of the externally compensated acid 
is not effected by the original crystallisation with one-half a mole- 
cular proportion of brucine. It was also observed that on decom- 
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posing the salt of [a], —58°4°, the first portion of acid separated has 
a lower rotatory power, [a|,, —73°7°, than that which separated last, 
namely, [a], —81°1°. This indicates that during the crystallisation of 
the brucine salt the salt with the levo-acid first separated in a state 
of practical purity, and that subsequently the mixture of the two 
salts was deposited on the former as a kind of nucleus; since the 
crystals ultimately formed are quite massive, the outer layers were 
first decomposed by the hydrochloric acid, giving acid of the lower 
rotatory power, whilst the inner kernel was only decomposed by 
further treatment, and yielded acid of the higher rotatory power, 
[a]p —81°1°. 

As no solvent other than dilute alcohol appears to be available for 
the fractional crystallisation of the brucine salt, it was useless, in 
view of the conclusions just derived, to attempt the further purifica- 
tion of the levo-acid by the aid of the brucine salt. It is shown 
later, however, that the enantiomorphously related acid has the 
specific rotatory power [a], +81°4°, so that the acid giving the 
value [a], —81°1° represents the pure /-1-methyleyclohexylidene-4- 
acetic acid. 

The small difference in rotatory power between the pure levo-acid 
of [a], — 811° and that of [a], —77°6° yielded by the final crop of 
brucine salt, together with the large percentage of brucine contained 
in the brucine salt, rendered it certain that the specific rotatory 
powers observed with the brucine salt are practically the values 
appertaining to pure brucine /-1-methylcyclohexylidene-4-acetate, It 
seemed, however, desirable to check the numbers by preparing the 
latter salt from acid of [a], —81°1° by crystallising the components 
together from dilute alcohol. The pure salt was thus obtained in 
colourless, highly lustrous prisms having the properties already - 
described in connexion with the slightly impure salt; the following 
determination of rotatory power was made : 

0°1534 gram, made up to 20°05 c.c. with absolute alcohol, gave 

a, — 0°89° in a 2-dem. tube ; whence [a], — 58°2°. 


Brucine dextro-1-Methylcyclohexylidene-4-acetate, 
C,,H,,0,N,,C.H, ,0,,2H,0. 


After the separation of the Jzvo-acid from the externally compen- 
sated substance in the manner described above, the mother liquors are 
treated with hydrochloric acid and the crude d-1-methyleyclohexylidene- 
acetic acid separated ; it is convenient to mix with it acid recovered 
from the fractions of brucine salt of low rotatory power to which 
reference has been made above. In this way a pure mixture of the d- 
and J-acidscan be obtained which hasa specific rotatory power of about 


"7 
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+ 30°, and, although the salt formed by brucine with the levo-acid is 
much less soluble than that formed with the dextro-acid, the isolation 
of pure brucine d-1-methylcyclohexylideneacetate is possible. The acid 
of specific rotatory power of about [a], +30° is dissolved in dilute 
alcohol with the addition of an equivalent quantity of pure brucine, and 
the salt formed subjected to prolonged fractional crystallisation from 
the same solvent. It is advisable so to adjust the concentrations of 
the solutions that crystallisation does not occur until the liquid is 
cold ; under these conditions the salt of the levo-acid tends to separate 
in massive crystals, whilst that of the dextro-acid crystallises in aggre- 
gates of light feathery needles. It is thus possible to effect a partial 
separation by mechanical means, but the final purification of the salt 
of the dextro-acid must be completed by fractional crystallisation 
alone. In one series of fractionations a sample of salt was first 
isolated which exhibited the specific rotatory power [a], — 22°6°, in 
alcoholic solution. Eight subsequent crystallisations of this material 
yielded samples having the specific rotatory powers of [a], —18°7°, 
— 16:9°, —16°3°, —13°5°, — 14°6°, — 12°8°, —10°4°, and —11°5° respec- 
tively. The apparently irregular fluctuations of the specific rotatory 
powers of the successive crystallisations were at first difficult to under- 
stand, but were ultimately traced to the fact that the rotatory power 
of the pure salt diminishes very rapidly with increase of concentration 
of the solution. The last three values quoted above thus refer to pure 
brucine d-1-methyleyclohexylidene-4-acetate. 

This salt crystallises in colourless, feathery needles from dilute 
alcoholic solution, and melts at 85—86°; after drying at 70—80°, it 
begins to melt at 76°, but the melting point is very indefinite. Thisis 
possibly to be attributed to the substance melting as a mere mixture 
of the component base and acid : 

0-5530, heated at 70—80°, lost 0:°0408 H,O. H,O=7°38. 

0°0806, air-dried salt, gave 0°1929 CO, and 0:0560 H,0. 

Subtracting H,O=7°38 ; C=70°53 ; H=7°50. 

C5. 90;N2,2H,0 requires H,O=6:17 ; C= 70-02 ; H=7-35 per cent. 

For the determinations of the rotatory power, quoted in the table 
below, the substance was made up to 20°05 c.c. with the solvent, and 
a 2-dem. tube employed in each case. 


Substance. 

grain. Solvent. ap. [a]p. 
02348 Absolute alcohol — 0°27° —11°5° 
0°4015 = i ~ 0°16 -3°9 
0°5548 - ye ~ 0-08 -1%4 
1:0404 vs - + 0°25 4+2°4 
0°1404 Methylal —0°31 —22°1 
0°1404 Water -—0°04 -—2°9 


It is interesting to note that the specific rotatory power of this salt 
6c 2 
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varies with the concentration and the solvent in just the same direc- 
tions as that of the brucine salt of the levo-acid. In alcoholic solu- 
tions the levorotation diminishes with increasing concentration until 
in a 5 per cent. solution the salt is dextrorotatory, just as in the pre- 
vious case the rotatory power in methylal solution is much higher than 
that in aqueous solutions. 

The two brucine salts are converted into oils by the addition of 
small proportions of alcohol, acetone, or ethyl acetate, and are extremely 
soluble in these and most other organic solvents. 


levo-1-Methyleyclohexylidene-4-acetic Acid, 


CH CH,°CH ee | 
H>C<cH:-CH.> CC<c0,H° 

As already indicated above, the purest samples of this acid separated 
from its brucine salt are still contaminated with traces of the enantio- 
morphously related isomeride ; it forms minute, colourless, crystalline 
scales, and cannot be conveniently crystallised from any of the ordinary 
solvents. It melts very sharply at 52°5—53°, whilst the externally 
compensated acid melts at 66°, and its melting point is depressed by 
the presence of the externally compensated substance. Specimens of 
mixtures of the two active acids exhibiting the specific rotatory 
powers [a], 12°3°, 24°2°, 52°8°, 73°7°, and 77°6° melt respectively at 
61°, 42—57°, 43—44°5°, 47-5—49-5°, and 51—52°, so that the eutectic 
mixture has a considerably lower melting point than either the pure 
active or the pure externally compensated acid; the melting point 
curve of mixtures of the dextro- and levo-acid is thus of the type 
depicted in Roozeboom’s Fig. 7 (Zeitsch. physikal. Chem., 1899, 28, 
508), and indicates that the partially compensated substances melt as 
mixtures of optically active and racemic compounds. 

The following determinations of rotatory power were made, the 
substance being made up to 20°05 c.c. with the solvent, and a 2-dem. 
tube being employed in each case : 

Substance. 
gram. Solvent. Ap. [a]p. 
0°1459 Absolute alcohol — 118° —81°1° 
0°1471 9 99 -1°19 -81°1 
0°3195 - ‘a — 2°48 -77°8 
0°1505 Methylal -—1'12 —74°6 
0°1616 Ether —1°20 —74°4 


dextro-1-Methylcyclohexylidene-4-acetic Acid. 


This acid, as stated above, has been obtained more easily and in a 
state of slightly higher purity than its enantiomorphously related 
isomeride. It has the same melting point of 52°5—53°, and its mix- 
tures with the externally compensated acid behave just as do those of 
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the levo-isomeride. The following determinations of rotatory power 
were made, the substance being made up to 20°05 c.c. with the solvent, 
and a 2-dem. tube being employed in each case: 


Substance 
gram. Solvent, Gp. [a]p. 
0°1453 Absolute alcohol +1°18° +81°4° 
0°2957 ia 99 + 2°30 +78°0 
0°1487 Methylal +112 +75°5 
0°14°78 Ether +1°11 +753 

The fact that the above values are slightly higher than the corre- 
sponding figures for the enantiomorphously related acid is the only 
indication yet obtained of the rather greater degree of purity of the 
preparations of the dextro-acid. 

On dissolving equal quantities of the two optically active acids 
melting at 52°5—53° in light petroleum and evaporating to dryness, 
the racemic acid was obtained melting at 62°5—63°; that this melting 
point is rather lower than that of the pure externally compensated 
acid, namely, 66°, is obviously due to the mixture, which weighed 
only a few milligrams, containing a slight excess of one of the 
component acids. 

The fact, established by the work detailed in the foregoing pages, 
that substances of enantiomorphous molecular configuration can now 
be prepared which exhibit optical activity in solution but yet contain 
no asymmetric carbon atom, suggests a mode of investigating intra- 
molecular change which should have interesting results. The d- and 
l-metbylcyclohexylidene-4-acetic acids owe their optical activity to the 
possession of an enantiomorphous molecular configuration of the most 
general kind, namely, one not associated with the presence of an asym- 
metric atom, and should be convertible into the potentially active 
l-methyleyclohexeneacetic acid described by Marchwald and Meth, 
the optical activity of which is to be correlated with the presence of 
an asymmetric carbon atom. This conversion has not hitherto been 
described, and we have made a number of experiments in order to 
establish the conditions under which it occurs. 

After heating 0°5 gram of racemic 1-methyleyclohexylidene-4-acetic 
acid with 10 c.c. of water and 2 grams of sodium hydroxide for five 
hours on the water-bath, or with 10 c.c. of aniline for three hours at 
100°, the original acid can be recovered unchanged. Similarly, on 
boiling 1 gram of the sodium salt of the inactive acid with 2 grams of 
aniline hydrochloride and 20 cc. of alcohol during two hours, the 
original acid is found to be unaltered. On boiling 0°5 gram of 
1-methyleyclohexylidene-4-acetic acid with 20 c.c. of dilute sulphuric 
acid for three hours, 0°4 gram of the original acid was recovered un- 
changed, together with traces of Marckwald and Meth’s 1 methyl- 
oyclohexene-4-acetic acid, melting at 41°. In another experiment, 
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0°5 gram of the inactive hexylidene acid melting at 64° was boiled 
for three hours with 10 c.c. of dilute sulphuric acid with the addi- 
tion of sufficient alcohol for solution ; on subsequent distillation with 
steam, a mixture of acid and ester was obtained, which, when hydro- 
lysed, gave a mixture of the original acid with traces of the acid 
melting at 41°. 

Acting on the indications thus obtained, 0°5 gram of racemic 
1-methylcyclohexylidene-4-acetic acid was heated for three hours on the 
water-bath with a mixture of 4 grams of sulphuric acid, 1 gram of 
water, and 5 c.c. of alcohol; approximately equal quantities of acid 
and ester were isolated from the product. The acid consisted in the 
main of Marckwald and Meth’s 1-methyl-A*-cyclohexene-4-acetic acid, 
melting at 41°, and the ester also yielded, on hydrolysis with 
alcoholic soda, a product consisting principally of the same acid. 

A method is thus now available for the conversion of 1-methylcyclo- 
hexylidene-4-acetic acid into the isomeric 1-methy]-A*-cyclohexene-4- 
acetic acid. We are now studying this conversion, using the optically 
active hexylidene acids, together with several chemical changes of an 
additive character, as a result of which theJenantiomorphous molecular 
configuration, containing no asymmetric atom, becomes converted into 
an enantiomorphous configuration of the well-known type which is 
associated with the presence of one or more asymmetric carbon atoms. 


Our thanks are due to Dr. John Read for the care with which he 
has carried out much of the experimental work involved in the present 
paper. 

CHEMICAL DEPARTMENT, THE CHEMICAL LABORATORY, THE UNIVERSITY, 
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CXCIX.—The Action of Ammonia on the Glycide Aryl 
Ethers. Part I. 0-Tolyloxypropanolamines. 


By Davip Runciman Boyp and HERBERT STANLEY KNOWLTON. 


Tue action of ammonia on substances of the type of ethylene oxide 
was originally studied by Wurtz (Annalen, 1860, 114, 51). The 
reaction has since been reinvestigated by Knorr (Ber., 1897, 30, 
909), who succeeded in isolating the primary, secondary, and 
tertiary ethanolamines in a pure condition. 

Knorr has also studied the action of ammonia on glycide (Ber., 
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1899, 32, 750), and obtained y-amino-a8-dihydroxypropane, along 
with secondary and tertiary bases which were not isolated. 

The present paper contains an account of the action of ammonia 
on glycide o-tolyl ether. In this case, a primary, a secondary, and 
a tertiary base are readily isolated. Definite evidence has not 
so far been obtained with regard té the position which the amino- 
group takes up in the new molecule, but from analogy to the 
case of glycide, and in view of the results obtained by Krassusky in 
the case of the butylene oxides (Compt. rend., 1908, 146, 236), 
it appears probable that the primary base is B-amino-f!-o-tolyloxy- 
isopropyl alcohol, C;H,;“O-CH,*CH(OH):CH,°N Hg. 


EXPERIMENTAL. 


H:CH,°0°C,H, 
H, 

o-Cresol (80 grams) was dissolved in about 500 c.c. of water 
containing excess of sodium hydroxide, and rather more than the 
theoretical quantity of epichlorohydrin was added to the cold 
solution. After the mixture had been kept for about four days, 
with occasional stirring, the heavy oil which had separated was 
extracted with ether, the ethereal solution dried and evaporated, 
and the oil which remained was fractionated under diminished 
pressure. 

In this way, the glycide ether was obtained as a colourless oil, 
boiling at 136°/17 mm., and, with slight decomposition, at 248° 
under atmospheric pressure. The yield was about 28 grams. 

The glycide o-tolyl ether so prepared still contained traces of 
chlorine. It was therefore warmed on the water-bath with solid 
sodium hydroxide, and again fractionated under diminished 
pressure (compare Boyd and Marle, Trans., 1908, 98, 840). The 
fraction analysed boiled at 134°5°/14 mm. : 


0°2813 gave 0°7523 CO, and 0°1872 H,O. C=72°94; H=7°46. 
Cy9H 1.0, requires C=73'12; H=7°38 per cent. 


C 
Glycide o-Tolyl Ether, 0<é 


Action of Ammonia on Glycide o-Tolyl Ether. 


If glycide o-tolyl ether is kept for some days in contact with a 
concentrated aqueous solution of ammonia, it changes into a crystal- 
line mass, which consists chiefly of the tertiary base, trihydroxytri- 
o-tolyloxytripropylamine, whilst the primary base is present in the 
aqueous solution. 

A more convenient and rapid method of bringing about the 
reaction consists in adding to the mixture of glycide o-tolyl ether 
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and ammonia a sufficient quantity of alcohol to give a clear solution. 
After about forty-eight hours at the ordinary temperature, the 
glycide ether is completely transformed into a mixture of primary, 
secondary, and tertiary bases. The end of the reaction can be 
recognised by pouring a few drops of the aqueous alcoholic solution 
into water. If the reaction is ‘finished, the oily precipitate which 
is at first produced will be found to solidify rapidly. The mixture 
is then heated on a water-bath to expel the alcohol and ammonia, 
water being added occasionally to prevent the solution becoming 
too concentrated. 

In the course of the evaporation, an oil separates which solidifies 
on cooling. The solid is collected and used for the preparation of 
the secondary and tertiary bases. The filtrate is then evaporated 
on the water-bath to a small volume. The syrupy residue left 
after most of the water has been expelled consists of a mixture of 
the primary base and its carbonate, the latter being formed during 
the process of evaporation. 

In one experiment, 181 grams of glycide o-tolyl ether were 
mixed with 170 c.c. of concentrated aqueous ammonia and an equal 
volume of alcohol. As a result, 16°5 grams of the hydrochloride of 
the primary base (equal to about 14 grams of free base) were 
obtained, 1°4 grams of the secondary base, and about 3 grams of 
tertiary base. 


B-A mino-B!-0-tolyloxyisopropyl Alcohol, CyH,30.°N Ho. 


The hydrochloride of this base is obtained as a crystalline pre- 
cipitate on adding concentrated hydrochloric acid to the mixture 
of free base and carbonate prepared as above described. It can 
be recrystallised by dissolving in alcohol, and adding about two 
volumes of ether. It then separates in colourless plates, which 
soften at 131°, but do not melt completely until 254°. Repeated 
fractional crystallisation does not alter this melting point: 

0°2750 gave 15°6 c.c. N, (moist) at 20° and 750 mm. N=6'40. 

C,9H,;0.N,HCl requires N=6°44 per cent. 

The salt is extremely readily soluble in cold water, giving a 
neutral solution. It is precipitated from a concentrated aqueous 
solution on addition of hydrochloric acid. 

The free base was prepared by treating a concentrated aqueous 
solution of the hydrochloride with excess of sodium hydroxide. 
The oil which separated was extracted with ether, and the ethereal 
solution dried, evaporated, and the residue fractionated under 
diminished pressure, when a colourless, viscous oil, boiling at 
177°/11 mm., was obtained. This oil crystallised after some hours 
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as a mass of plates. The crystals, after washing with a little dry 
ether, softened at 53°, and melted at 58—60°: 
0°2107 gave 0°5140 CO, and 071592 H,O. C=66:53; H=8-47. 
0°0860 ,, 5°9c.c. Ny (moist) at 219° and 753 mm. N=7°74. 
C,)H,;0.N requires C=66°24; H=8°36; N=7°73 per cent. 


B-A mino-B'-0-tolyloxyisopropyl alcohol dissolves moderately easily 
in cold water, giving a solution with a strongly alkaline reaction 
to litmus. It is readily soluble in alcohol, and rather less so in 
ether. The solid base deliquesces rapidly in moist air, and absorbs 
carbon dioxide readily. 

The platinichloride separates in yellow needles on adding platinic 
chloride to a concentrated aqueous solution of the hydrochloride. 
It melts and decomposes at 203°: 


0°3060 gave 0°0760 Pt. Pt=24°84. 
(Ci9H,;0,N).,H,PtCl, requires Pt=25°25 per cent. 

The oxalate, (CjH,;0,N).,H,C,0,, is obtained as a crystalline 
precipitate on adding a solution of ammonium oxalate to a con- 
centrated aqueous solution of the hydrochloride. On _ recrystal- 
lisation from hot dilute alcohol, it forms shining leaflets, which 
decompose rapidly at 200°: 


0°1960 gave 11°2 c.c. Ny (moist) at 21° and 744 mm. N=6°36. 
Cy.Hs0,N, requires N=6°19 per cent. 

The benzoate, Cy)H,;0.N,C;H,O,, separates as an oil, which soon 
becomes crystalline, on mixing aqueous solutions of equivalent 
proportions of the hydrochloride and sodium benzoate. On re- 
crystallisation from moist ethyl acetate, it forms clusters of prismatic 
crystals, which soften at 131° and melt at 132—133°: 


0°1940 gave 7°8 c.c. Nz (moist) at 20° and 743 mm. N=4'50. 
C,,H,,0,N requires N =4°62 per cent. 


The benzoyl derivative, C,)H,,;0,-NHBz, prepared by the 
Schotten-Baumann method and crystallised from ethyl acetate, 
formed prismatic needles, melting at 114°5—115°5°: 


0°2346 gave 11 c.c. Ny (moist) at 20° and 743 mm. N=5'24. 
C,,H,O;N requires N=4°91 per cent. 


Dihydrozrydi-o-tolyloxydipropylamine, (Cy)H,,0,).NH. 


a 


The mixture of secondary and tertiary bases obtained as above 
described was treated with cold ether. A portion remained un- 
dissolved, and was collected, washed with ether, and crystallised 
from hot ethyl acetate. On recrystallisation from the same solvent, 
it formed rosettes of needles, melting at 117°5°: 
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0°1120 gave 0°2856 CO, and 0°0776 H,O. C=69°54; H=7°77. 
0°2911 ,, 10°5 cc. N, (moist) at 17° and 751mm. N=4'14. 
C.9H.;0,N requires C=69°51; H=7°90; N=4°06 per cent. 
The base dissolves readily in alcohol, giving a solution with an 
alkaline reaction. It is insoluble in water, and only very sparingly 
soluble in cold ether. 


Trihydrozytri-o-tolyloxytripropylamine, (Cy9H,302)3N. 


On evaporation of the ethereal solution, which has been filtered 
from the insoluble secondary base, the tertiary base is left. It can also 
be prepared by keeping glycide o-tolyl ether for some days in contact 
with concentrated aqueous ammonia. The glycide ether changes 
gradually into a cake of white crystals, consisting chiefly of the 
tertiary base. It was recrystallised by dissolving in ethyl alcohol, 
adding a little water to the hot solution, and allowing to cool 
slowly. It separated in clusters of leaflets, melting at 83—84°: 

0°2095 gave 0°5409 CO, and 0°1484 H,O. C=70°41; H=7°94. 

0°4803 ,, 12°2 c.c. Ny (moist) at 195° and 751mm. N=2°84. 
CypHggO,N requires C=70°67; H=7°73; N=2°75 per cent. 

The base dissolves readily in alcohol or ether. The alcoholic 
solution is neutral to litmus. 

The hydrochloride is obtained on adding concentrated hydro- 
chloric acid to a hot alcoholic solution of the base. The salt 
deposits, on cooling, in crystals, melting at 134—135°: 

0°3180 gave 0°0804 AgCl. Cl=6°26. 

C39H3,0,N,HCl requires Cl=6°48 per cent. 

The platinichloride is obtained on adding platinic chloride to a 
warm concentrated solution of the hydrochloride in alcohol con- 
taining hydrochloric acid. It melts at 141°: 

0°3602 gave 0°0497 Pt. Pt=13°79. 

(CygHggO¢N )o,H,PtCl, requires Pt=13°65 per cent. 


Trihydrozytri-o-tolylozytripropylamine Oxide, (CyyH,30,),N:0. 


This substance was prepared by adding to a solution of one gram 
of trihydroxytri-o-tolyloxytripropylamine in 10 c.c. of glacial acetic 
acid about 5 c.c. of 30 per cent. hydrogen peroxide, and warming 
on a water-bath for about half an hour at 70—80°. 

The mixture was then cooled and poured into water. Excess of 
sodium hydroxide was added, and the whole shaken with ether. 
From the ethereal solution so obtaired, crystals of the oxide 
separated almost immediately. After washing with ether, the 
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substance was dissolved in hot benzene, from which, on cooling, it 
separated in minute prisms. 
After recrystallisation it melted at 151°: 
0°1915 gave 0°4801 CO, and 0°1268 H,O. C=68°38; H=7°42. 
0°2878 ,, 7 1c.c. Ny (moist) at 8° and 739mm. N=2°89. 
Cy9H3,0;N requires C=68°51; H=7°50; N=2°67 per cent. 
CHEMICAL DEPARTMENT, 
HARTLEY UNIVERSITY COLLEGE, 


CC.—The Action a Potassium Hydroxide on Epi- 
chlorohydrin in Presence of Monohydric Phenols. 


By Davip Runciman Boyp and Ernest Ropert MARLE. 


Unper the above title, Zunino has recently published a paper 
(Atti R. Accad. Lincei, 1909, [v], 18, i, 254), in which certain of 
the diaryl ethers of glycerol are described. 

The author is apparently unaware of the fact that three of 
the ethers which he describes were prepared some years ago, the 
diphenyl ether, OH-CH(CH,"OPh),, by Rossing (Ber., 1886, 19, 
63) and Lindeman (Ber., 1891, 24, 2147), and the di-o-tolyl and 
di-m-tolyl ethers by one of us (Boyd, Trans., 1903, 83, 1137 and 
1139). This is the more extraordinary since the question of the 
constitution of these substances was discussed by us less than a 
year ago (Trans., 1908, 93, 838). 

Moreover, the statements made by Zunino with regard to the 
properties of these substances are incorrect. 

The diphenyl ether is described as a liquid boiling at 287—288°, 
whereas it is really a crystalline solid melting at 81—82°, and 
boiling, with considerable decomposition, at the ordinary pressure 
at 343—345° (uncorr.). 

The di-o-tolyl ether is described as a liquid boiling at 296°, 
whilst, as a matter of fact, it is a solid melting at 36—37°, and 
boiling at 2269/13 mm. 

The di-m-tolyl ether is described as boiling at 253—254°, whilst 
we have found it to boil at 232°/13 mm., and, with considerable 
decomposition, at 363° under atmospheric pressure. 

Two other ethers are described by Zunino, namely, a dithymyl 
and a dicarvacryl ether, which have not hitherto been prepared. 
The boiling points assigned to the compounds, however (for the 
dithymyl ether 215°, for dicarvacryl ether 245°), appeared to us 
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so improbable that we thought it desirable to investigate the action 
of epichlorohydrin on thymol in the presence of alkalis. 

As a result, we have obtained glycide thymyl ether, 

CH:-CH,'0°C,,H,, 

<b, , 
and glycerol dithymyl ether, OH*CH(CH,°O°C,)Hj3),. The former 
substance is an oil boiling at 158°/16 mm., and the latter is a 
crystalline solid, melting at 414—42°, and boiling at 270°/28 mm. 

In Zunino’s paper, no reference is made to the fact that by the 
action of epichlorohydrin on phenols in the presence of alkalis two 
different products may be obtained, namely, (1) the glycide aryl 
ether, <<? and (2) the glycerol diaryl ether, 

2 
OH-CH(CH,°OR),. 

We were at first inclined to suppose that the substances obtained 
by Zunino were really the glycide aryl ethers. However, a com- 
parison of the boiling points recorded with those of the glycide 
aryl ethers in question shows a wide discrepancy (40—50°), and 
we can only account for his data by supposing that he was dealing 
with mixtures of the two substances. 


ExPERIMENTAL. 
Glycerol Dithymyl Ether, OH:CH(CH,*0°C,,H)3)>. 


This substance was prepared by the method previously described 
for the diphenyl ether (Trans., 1908, 98, 840). On pouring the 
reaction mixture into water, an oil separated. This was extracted 
with ether, and, after removal of the ether, fractionated under 
diminished pressure. In this way, a colourless, dense, very viscous 
oil was obtained, boiling at 270°/28 mm. On keeping, it solidified 
to a crystalline mass, melting at 414—42°: 

(1) 0°2306 gave 0°6580 CO, and 0°1867 H,O. C=77°82; H=9°06. 

(2) 0°1297 ,, 0°3696 CO, ,, 0°:1069 H,O. C=77°'70; H=9-22. 

Cy3H3,0, requires C=77'52; H=8°98 per cent. 


Thymyl Glycide Ether, lata 
2 


Twenty grams of sodium hydroxide (2 mols.), 35 grams of 
thymol (rather less than 1 mol.), and 23 grams of epichlorohydrin 
(1 mol.) were used. The sodium hydroxide was dissolved in 100 c.c. 
of water, and the thymol added. Epichlorohydrin dissolves com- 
pletely in this solution, forming a slightly yellow liquid, from 
which an oil separates on keeping, and rises to the surface. After 
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four days, the oil was separated, warmed for half an hour with 
powdered sodium hydroxide on the water-bath, and then dissolved 
in ether. The ethereal solution was washed with water, dried, and 
the oil left after evaporation of the ether was fractionated under 
diminished pressure. A colourless, fairly mobile oil, with a faint 
odour, was obtained, which boiled at 158°/16 mm. The residue, 
about half of the original oil, consisted mainly of glycerol dithymyl 
ether: 

(1) 0°2666 gave 0,7440 CO, and 0'2114 H,O. C=76:10; H=887. 

(2) 0°3069 ,, 0°8528CO, ,, 0°2403 H,O. C=75°77; H=8°77. 

C,3H,.0, requires C=75°73; H=874 per cent. 


CHEMICAL DEPARTMENT, 
HARTLEY UNIVERSITY COLLEGE. 


CCL.—The Constitution of Hydroxyazo-compounds. 
Part II. 


By Witi1am Brapsnaw Tuck. 


In a previous communication (Trans., 1907, 91, 449) the results 
of a spectroscopic examination of simple hydroxy-derivatives of 
azobenzene were given, and the absorption curves obtained were 
compared with those of azobenzene and p-benzoquinonebenzoyl- 
phenylhydrazone. The p-hydroxyazo-compounds, their ethers and 
acyl derivatives, and the ethers of o-hydroxyazo-compounds showed 
absorption curves very closely resembling the curve for azobenzene. 
The only difference was that the persistence or depth of the band 
in the colour region varied with the group attached to the azo- 
benzene nucleus. The head of the colour band belonging to the 
above-mentioned substances always appeared at 250 mm. of 
WV /10,000 solution. On the other hand, the colour band of the 
o-hydroxyazo-compounds and their acyl derivatives always appeared 
at about 25 mm. of V/10,000 solution. Thus the absorption curves 
could be divided into two classes, the one having the head of its 
isorropesis band at ten times the dilution at which the colour band 
of the second class appeared. Since the difference between benzene- 
azophenol benzoate and the isomeric p-benzoquinonebenzoylphenyl- 
hydrazone was of a similar nature, the conclusion was drawn that 
the two types of absorption curves were characteristic of two 
different constitutions, namely, the hydroxyazo- and the quinone- 
hydrazone structures. 
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This conclusion was criticised by Auwers (Annalen, 1908, 360, 
11) and by C. Smith and Mitchell (Trans., 1908, 93, 842), both 
of whom considered that the difference between the two sets of 
curves was not sufficient to justify it. Both authors neglect the 
fact that the ratio of the dilutions at which the colour bands of 
any ortho-compound and its ether appear (roughly 1: 10) is of 
the same order as that obtained from the absorption curves of the 
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isomeric benzeneazophenol benzoate and p-benzoquinonebenzoyl- 
phenylhydrazone. 

In order to obtain further evidence, the absorption spectra of 
the benzeneazonaphthols were investigated. It seemed probable 
that results of importance would be obtained, since MacPherson 
(Amer. Chem. J., 1899, 22, 364) had described the preparation of 
both a- and 8-naphthaquinonephenylmethylhydrazone. The latter 
compound would give definitely the curve for a hydrazone of an 
o-quinone. MacPherson obtained the substance by the action of 
phenylmethylhydrazine on 8-naphthaquinone in fairly dilute solu- 
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tion, in a 2 per cent. yield. Unfortunately, I was unable to 
prepare the substance by the method given, and a series of attempts 
to obtain it all resulted in failure. 

The substances of this group which were examined were 
a-naphthaquinonephenylmethylhydrazone, benzeneazo-a-naphthol, 
its ether and acetyl compound, benzeneazo-8-naphthol and _ its 
acetate, and f-naphthaquinonephenylhydrazone and its acetyl 
derivative. The curves are given in Figs. 1, 2, 3, and 4. 

The absorption spectra of these compounds show no relation to 
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Full curve: Benzeneazo-a-naphthol in alcoholic sodium ethoxide. 
Dotted ,, Benzeneazo-a-naphthyl acetate in alcohol. 


that of azobenzene, or to those of previously recorded hydroxyazo- 
compounds. This was quite unexpected, and no reason for it could 
be seen from previous work. When, however, as will be described 
later, the effect of various substituting groups on azobenzene was 
studied, the explanation was obtained. 

An examination of Fig. 1 shows that a-naphthaquinonephenyl- 
hydrazone and benzeneazo-a-naphthol ethyl ether, although having 
different constitutions, exhibit absorption spectra which are so 
nearly alike that it is not obvious to which class benzeneazo- 
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a-naphthol itself belongs. Since, therefore, the problem is not 
easy in the case of the para-compounds, the ortho-compounds could, 
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Full curve: Benzeneazo-B-naphthol in alcohol. 
Dotted ,, », alcoholic sodium cthoxide. 
Dot and dash curve: Benzeneazo- -B-naphthyl acetate in alcohol. 


Oscillation frequencies. 


18 2000 22 24 26 28 3000 32 34 36 38 4000 42 


Relative thicknesses of N/10,000 solution. 


ot 
4 
2 
~ 
~» 
»~ 
~ 
~ 
S 
~” 
oOo 
Oo 
oOo 
Oo 
_ 
A 
> 
~*~ 
S 
yD 
” 
~ 
= 
4 
2 
~ 
4 
~ 
> 
R 
~~ 
i] 
~~ 
iS) 
NN 
> 
~» 
~ 
—~ 
4 
~ 
= 
Ss 
Ss 
a 
=) 
N 


Full curve: B-Naphthaquinonephenylhydrazone in alcohol. 
Dotted ,, ;, alcoholic sodium ethoxide. 
Dot and dash curve: Acctyl- B- ‘naphthaquinonephenylhydrazone in alcohol. 


still less, be expected to yield results of value, as the absorption 
curve for the o-quinonehydrazone form cannot be obtained. 

A fresh line of research was then undertaken, and compounds 
were examined which contained a hydroxy- or methoxy-group in 


HYDROXYAZO-COMPOUNDS. PART II. 1813 


the ortho-position with respect to a group containing a double 
bond similarly situated to that in benz2neazo-p-cresetole (I) : 
Me 
(L.) OH, NING » (I1.) <> NoHo, 
OMe “4 On 
Fic. 5. 


Full curve: —_—- in alcohol. 
Dotted ,, ,, alcoholic NaOKt. 
Dot and dash curve : o Methoxybenzaldehyde in alcohol. 
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Full curve: Salicylaldehydephenylmethylhydrazone in alcohol. 
Dotted ,, 3, alcoholic NaOFt. 
Dot and dash curve : o- Methoxybenzaldeh ydephenylmethylhydrazone in alcohol. 


The substances used were salicylaldehyde (II) and its methyl 
ether, and the phenylmethylhydrazones of both compounds. 
VOL. XCY. 6 bv 
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For comparison, the corresponding derivatives of p-hydroxybenz- 
aldehyde were examined. The phenylmethylhydrazones were used 
in preference to the phenylhydrazones, since many of the latter 
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Full curve: p-Hydroxrybenzaldehyde in alcohol. 
Dotted ,, a 5, alcoholic NaOEt. 
Dot and dash curve: Anisaldehyde in alcohol, 
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Fie. 8. 


Full curve: p-Hydroxybenzaldehydephenylmcthylthydrazone in alcohol. 
Dotted ,, 5, alcoholic NaOEt. 


Dot and dash curve: An isaldehydephenylmethylhydrazone in alcohol. 


undergo isomeric change (Baly and Tuck, Trans., 1906, 89, 892). 
The curves are given in Figs. 5, 6, 7, and 8. In every case the 
corresponding hydroxy- and methoxy-compounds show absorption 
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spectra which are practically identical. This is in agreement with 
the observations in the case of phydroxyazo-compounds and their 
ethers. When the close relation between these hydroxy- and 
methoxy-compounds is compared with the enormous difference 
between an o-hydroxyazo-compound and its ether, it is obvious that 
the two latter compounds cannot have the same constitution, 
or, in other words, the parent substance must be a quinone- 
hydrazone. 

The influence of sodium ethoxide on the absorption spectra of 
this compound has also been studied, and very considerable light is 
thrown by this means on the constitution of substituted azo- 
compounds. In every case the characteristic band of the hydroxy- 
compound is shifted towards the red, and as the band is unaltered 
in shape it is extremely improbable that this denotes a change of 
constitution. This shift towards the red end of the spectrum has 
been observed in the case of phenol itself (Baly and Ewbank, 
Trans., 1905, 87, 1347). Reference to the absorption curves 
(Figs. 5 and 7) shows that in the case of p-hydroxybenzaldehyde, 
sodium ethoxide causes the band to shift almost to the edge of the 
visible region. In the case of salicylaldehyde, the shift is still 
greater; the absorption band is now in the blue region, the sub- 
stance being therefore yellow in colour. 

It has already been shown that the difference between the 
absorption spectra of the o-hydroxyazo-compounds and their ethers 
is practically the same as that between the curves obtained for a 
p-hydroxyazo-compound and the isomeric quinonehydrazone (Tuck, 
loc. cit.), and in the present paper it is shown that they are 
different from all other hydroxy-compounds in that the absorption 
spectra of their ethers are considerably different from those of the 
parent compounds. 

An effort was then made to obtain a substance which, whilst 
undoubtedly an azo-compound, would show an absorption curve 
similar to those of o-hydroxyazo-compounds and their acyl 
derivatives. It was shown in a previous paper (Tuck, loc. cit.) 
that the colour band of azobenzene was modified by substituting 
groups, in a similar manner to the effect produced by the same 
groups on the absorption spectrum of benzene. Thus, it was shown 
that an acetoxy-group caused a smaller change than a hydroxy- 
group, that is, the group with the smaller residual affinity 
produced less change than one of greater residual affinity. 

Although no group could be found which preduced an absorption 
spectrum similar to that of the o-hydroxyazo-compounds, still the 
work resulted in the discovery of a reason for the isorropesis bands 
of the sodium salts of the phydroxyazo-compounds, and for the 

6 D2 
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difference between the absorption spectra of benzeneazo-a-naphthol, 
together with its derivatives, and azobenzene. 

In benzeneazophenol, the absorption spectrum consists of a “ step 
out” or limit of an absorption band in the visible region, with 


Fig. 9. 


Full curve: Azophenetole in alcohol. 
Dotted ,, - », alcoholic NaOEt. 
Dot and dash curve: p-Methoxybenzeneazophenol in alcohol. 
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Fie. 10. 


Full curve: Azophenol in alcohol. 
Dotted _,, - », alcoholic NaOEt. 


a large band in the ultraviolet. If the curve for azophenetole 
(Fig. 9) is examined, it is seen that the general appearance of the 
curve is that of benzeneazophenol, but the sudden extension in the 
visible region is slightly smaller, and also the ultraviolet band has 
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shifted towards the red end of the spectrum. In pmethoxy- 
benzeneazophenol, this phenomenon is slightly more marked, and 
in azophenol the alteration is still greater. Thus, since the residual 
affinity of a hydroxyl group is slightly greater than that of an 
ethoxy-group, the residual affinity is increased progressively when 
passing along the series, benzeneazophenol, azophenetole, p-methoxy- 
benzeneazophenol, and azophenol. The change of absorption is 
proportional to the residual affinity attached to the azobenzene 
nucleus. 

If now we turn to the absorption spectra of amino- and dimethyl- 
amino-azobenzene, we find that, whilst they are practically identical, 
the colour band of azobenzene has disappeared, and the ultraviolet 
band has been shifted right into the visible region. The band in 
these two compounds is the same as that which the sodium salts of 
p-hydroxyazo-compounds also show. This means that the effect of 
the substitution of an amino-group in azobenzene is identical with 
that produced by the substitution of an -ONa-group. From this 
we may conclude that so far as their effective residual affinity 
is concerned, the amino- and -ONa-groups are identical. This is 
confirmed by a reference to the absorption curves of aniline (Baly 
and Collie, Trans., 1905, 87, 1332) and sodium phenoxide (Baly 
and Ewbank, Joc. cit.), which show absorption bands that are 
exactly the same. Now, Baly and Ewbank showed that the charac- 
teristic band of phenol was shifted towards the red by the addition 
of sodium ethoxide. In the earlier part of this paper, it is shown 
that an unsaturated group, namely, an aldehydic group, attached 
to a phenol nucleus produces a similar effect. Thus p-hydroxy- 
benzaldehyde exhibits the phenol band considerably shifted towards 
the red end of the spectrum. This shift can be accentuated by 
the addition of sodium ethoxide. This renders it probable that 
the bands of aminoazobenzene and the sodium salt of benzeneazo- 
phenol are merely those of aniline and sodium phenoxide respec- 
tively, shifted into the visible region by conjugation with the 
unsaturated group, ‘N:N-C,H;. Since the absorption spectra of 
aniline and sodium phenoxide are identical, the bands of amino- 
azobenzene and the sodium salt of benzeneazophenol are the same. 

In acetanilide, the effect of the acetyl group on the absorption 
spectrum of aniline is entirely to change its character, probably 
owing to the residual affinity of the nitrogen atom being conjugated 
with that of the acetyl group. If, then, the hypothesis as regards 
the absorption spectrum of aminoazobenzene is correct, then acetyl- 
aminoazobenzene should show a type of absorption closely related 
to that of azobenzene. A reference to the curve, Fig. 11, shows 


that this is so. 
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From the curves given, it is seen that the absorption spectra of 
azo-compounds show a gradual change from that of azobenzene 
itself, the amount of change being proportional to the residual 
affinity attached to the azo-nucleus. The limit of change is 
apparently reached in the case of aminoazobenzene, since the 
absorption spectrum of p-aminobenzeneazophenol (Hewitt, Trans., 
1908, 95, 1292) is practically identical with that of aminoazo- 
benzene. 

Benzeneazo-a-naphthol is a compound which shows the same type 
of absorption spectrum as aminoazobenzene, the band in the visible 
region being the a-naphthol band shifted towards the longer wave- 
lengths by conjugation with the group *-N:N-C,H,;. 


Fig. 11. 
Oscillation frequencies. 
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Full curve: Aminoazobenzene im alcohol. 
Dotted ,, Acetylaminoazobenzene in alcohol. 
Dot and dash curve: Dimethylaminoazobenzene in alcohol. 


The absorption spectra of compounds known to be azo-compounds 
fall between the extreme limits shown in the case of azobenzene 
and aminoazobenzene. It has been pointed out that by suitably 
substituting groups in the azobenzene nucleus, absorption spectra 
anywhere between these limits can be obtained. The absorption 
spectra of o-hydroxyazo-compounds cannot be obtained in this way, 
and the fact that they do not fall between the two limits found 
renders it extremely improbable that these ortho-compounds are 
really derivatives of azobenzene. 


In conclusion, the results obtained show that, whilst in general 
the curves for o-hydroxy-compounds and their ethers are practically 
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identical, those of the so-called o-hydroxyazo-compounds and their 
ethers are comparatively widely different. Again, the curves for 
the parent o-hydroxyazo-compounds do not show absorption spectra 
within the limits obtained for undoubted azo-compounds. These 
results, together with the resemblance between o-hydroxyazo-com- 
pounds and p-benzoquinonebenzoylphenylhydrazone, lead to the 
conclusion that the ortho-compounds are really quinonehydrazones. 


Spectroscopic LABORATORY, 
UNIVERSITY COLLEGE, LONDON. 


CCIl.—The Iodination of Phenols and the Iodometrie 
Estimation of, and Action of Reducing Agents on, 
Tannic Acid. 


By Watter M. Garpner, M.Sc., and Hersert H. Honeson, 
M.A., B.Sc., Ph.D. 


Tue chief object of the work described in this paper * was to devise 
a rapid quantitative and absolute method for the estimation of 


tannic and gallic acids. 


Action of Reducing Agents on Tannic and Gallic Acids. 


From the known constitution of gallic acid, and from the formule 
ascribed to tannic acid, a quantitative yield of benzoic acid might 
be expected on reduction. Béttinger (Annalen, 1890, 258, 252), 
acting with metallic sodium on a solution of tannic or gallic acid 
in absolute alcohol, obtained no reduction product, but Guignet 
(Compt. rend., 1891, 118, 130) found that both tannic and gallic 
acids yield benzoic acid when treated with zinc dust in acid or 
alkaline solution. 

After repeating these experiments, tannic acid was submitted to 
the action of reducing agents under various conditions, and it was 
found that, whilst little or no reaction takes place in neutral or 
acid solution, tannic acid is very reactive towards alkaline reducing 
agents. In no case, however, was a quantitative yield of benzoic 
acid obtained, this being due to the fact that benzoic acid itself 
is slowly destroyed by alkaline reducing agents. No higher yield 
of benzoic acid was obtained by carrying out the process in an 

* This paper corresponds with the abstracts ‘‘ The action of reducing agents on 
tannic and gallic acids” and ‘‘The action of iodine on phenols and a modified 
process for the estimation of tannic acid” (Proc., 1908, 24, 272, 273), 
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atmosphere of hydrogen or carbon dioxide, and in all cases the 
complete reduction of tannic and gallic acids occupied a con- 
siderable time. 

I.—Reducing Action of Zine. 


Zine and Ammonia (Guignet’s process)—To 2°5 grams of zinc 
dust in hot aqueous ammonia was added, with constant shaking, 
1 gram of tannic acid dissolved in warm water. After boiling 
under a reflux condenser for three hours, tannic and gallic acids 
were absent. Potassium carbonate was then added, the solution 
boiled to convert the excess of zinc and ammonia into carbonates, 
then evaporated to dryness and extracted with absolute alcohol. 
On evaporation, 0°2 gram of pure potassium benzoate was obtained. 

With zinc and ammonium chloride, 1 gram of tannic acid gave 
0°13 gram of potassium benzoate, whilst zinc with acetic, sulphuric, 
or hydrochloric acid gave incomplete reduction even after many 
hours’ heating. 

With zinc-copper couple, thirteen hours were required for 
complete conversion, the amount of potassium benzoate obtained 
from 0°5 gram of tannic acid being 0°14 gram. 

Action of Zinc and Ammonia on Benzoic Acid.—One gram of 
benzoic acid was heated under a reflux condenser for one hour with 
2°5 grams of zinc in aqueous ammonia solution. The yield of 


potassium benzoate was 0°69 gram, an amount which diminished 
on further heating, thus demonstrating the slow destruction of 
benzoic acid under the conditions employed. 


II.—Reducing Action of Sodium. 


Sodium and Absolute Alcohol (Bottinger’s process)—Two grams 
of sodium and 1 gram of tannic acid were separately dissolved in 
absolute alcohol. After heating the mixed solutions for two and 
a-half hours, no benzoic acid was found, but 0°23 gram of gallic 
acid was obtained. 

Sodium and Moist Liher.—In this case no reduction took place, 
but gallic acid was formed by hydrolysis. 


III.—Reducing Action of Magnesium. 


Magnesium and Hydrochloric Acid.—One gram of tannic acid 
gave 0°25 gram of gallic acid, but no benzoic acid. 

Magnesium and Ammonium Chloride.—In this case the reaction 
was very violent, and amounts of potassium benzoate, varying from 
0°08 to 0°23 gram, were obtained from 0°5 gram of tannic acid. 

Magnesium and Potassium Carbonate.—Here the reaction was 
moderate, and after heating for five hours on the water-bath the 
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yield of potassium benzoate was 0°2 gram from 0°5 gram of tannic 
acid. 

Magnesium Powder.—In the above experiment, when magnesium 
powder was added to the hot solution of tannic acid, a slight action 
was observed, and therefore the effect of magnesium powder alone 
was tried. On heating for several hours on the water-bath in a 
neutral atmosphere, 0°5 gram of tannic acid gave 0°08 gram of 
potassium benzoate. 

IV.—By reaction with aluminium powder and _ potassium 
hydroxide, sodium hyposulphite, or hydriodic acid, no formation of 
benzoic acid occurred. 


It is thus seen that in a number of the above experiments the 
production of benzoic acid was demonstrated, but in no case were 
the results of quantitative importance, and, although the conditions 
of concentration, time of reaction, and nature of atmosphere, were 
widely varied, the results were always unsatisfactory. One general 
observation was, however, of interest, namely, the tendency of 
tannic and gallic acids to form reduction products under alkaline 
conditions, and this is further borne out by experiments made 
with alkali iodides, which have given much more satisfactory 
results. 


The Action of Iodine on Phenols. 


Messinger and Vortmann have shown (Ber., 1890, 28, 2753) 
that phenol absorbs iodine in the presence of alkali hydroxides, 
but were unable to obtain satisfactory quantitative results. 

F. Musset (Chem. News, 1885, 51, 42) has described a method 
of titrating tannin with iodine, but the absorption required twelve 
hours. The “non-tannins” were estimated in a second experiment 
after precipitating the tannic acid by means of gelatin. 

A. Moullade (J. Pharm. Chim., 1905, [vi], 22, 153), who titrated 
tannic acid with iodine in presence of sodium hydrogen carbonate, 
using carbon disulphide as indicator, states that it is necessary to 
take the mean of several titrations in order to ensure accuracy, and 
estimates the non-tannins in the usual manner. All the above- 
mentioned methods are thus defective, Musset’s process requiring 
at least twelve hours, and that of Moullade being deficient in 
accuracy. 

The modified method which the authors propose, apart from 
the gelatin precipitation, can be carried out in a few minutes, and 
concordant results are obtained, not only with tannic acid, but 
with many other phenolic substances. Within the range of 
phenols dealt with, a number were found to require one molecule 
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of iodine for each hydroxyl group, whereas in other cases, although 
the results were strictly quantitative, they were empirical in the 
sense that no ratio could be traced between the iodine absorbed 
and the number of hydroxyl groups. 

The general method is as follows. A standard aqueous solution 
of the phenol is prepared (in the case of tannic acid 1 gram per 
litre), and to a known volume of this solution (20 c.c., diluted to 
200 c.c. with water) W/10-iodine solution is added in excess 
(20 c.c.). A few drops of starch solution are then added, and 
afterwards aqueous sodium hydroxide is run in drop by drop 
until the colour due to the iodine disappears. By this means, 
excess of alkali, which has an injurious effect on the accuracy of 
the process, is avoided. Dilute hydrochloric or sulphuric acid 
(1 in 4) is added in sufficient excess (say 50 c.c.) to separate the 
unabsorbed iodine, the amount of which is estimated by J/10- 
thiosulphate. 

In the case of phenol, catechol, quinol, pyrogallol, and gallic 
acid, the amount of iodine absorbed is exactly one molecule for each 
hydroxyl group present. 

The presence of such groups as NO,, NH,, or OMe, as well as 
the position of the hydroxyl groups in the benzene nucleus, was 
found to have a determining effect on the course of the reaction. 
For example, the weak phenolic properties of the hydroxyl groups 
in p-hydroxybenzoic acid result in there being no absorption of 
iodine. The presence of nitro- or methoxy-groups also protects the 
hydroxyl group from attack, while in p-aminophenol a definite 
quantitative absorption was observed, which, however, did not 
correspond with one hydroxyl group. The alcoholic hydroxyl 
group, for example, in benzyl alcohol, is also unaffected under the 
conditions of the process. 

Phloroglucinol, which possesses both phenolic and quinonoid 
properties, gave an absorption equivalent to two hydroxyl groups, 
whereas the isomeric pyrogallol behaved normally, the three 
hydroxyl groups absorbing three molecules of iodine. <A similar 
normal result is obtained with gallic acid. 

In the case of gallotannic acid, a large number of experiments 
were made under varying conditions of concentration, amount of 
excess of iodine, etc., and perfectly concordant results were always 
obtained. The process is, therefore, available for the quantitative 
estimation of gallotannic acid, and is applicable to the commercial 
tannins. Two estimations are, of course, necessary. First, that 
of the total iodine absorbed by the standard solution of the 
tannin, and, secondly, that of the iodine absorbed after removing 
the tannic acid from the solution by precipitation with gelatin or 
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absorption by hide powder, the difference in the two estimations 
giving the iodine absorbed by the tannic acid itself. 

In the case of pure tannic acid, the absorption was found to 
correspond with 11 atoms of iodine for each molecule of tannic 
acid. On the supposition that tannic acid may be regarded as 
digallic acid, 


it may be assumed that the chain connecting the benzene nuclei 
is responsible for the absorption of the additional atom of iodine, the 
molecule undergoing fission at the chain and forming two molecules 
of sodium gallate, in one of which an OH group is replaced by OI. 

The works of Wys (Zeitsch. angew. Chem., 1898, 11, 291), 
Koene (Pogg. Ann., 1845, 66, 302), and others on the action of 
Hiibl’s solution is interesting in connexion with the above recorded 
observations. Wys attributes the absorption of iodine by un- 
saturated fatty acids to the presence of iodine monochloride: 

HgCl, + 41 = Hgl, + 21Cl, 
which reacts with water, yielding hypoiodous and hydrochloric acids. 
The hypoiodous acid is slowly transformed into iodic acid and free 
iodine, the latter again forming iodine monochloride by reacting 
with the liberated hydrochloric acid. A complicated equilibrium 
is thus established, the really active substances being contained 
in the cycle, iodine-iodine chloride—hypoiodous acid. 

Koene (loc. cit.) has shown that correct iodine values are rapidly 
obtained by means of the solution produced by shaking alcoholic 
iodine with finely divided mercuric oxide, which solution contains 
only mercuric iodide and hypoiodous acid, and Wys has further 
shown that in the presence of any substance favourable to the 
formation of hypoiodous acid, for example, iodine, mercuric chloride, 
or water, iodine absorption takes place more rapidly, whereas the 
presence of hydrochloric acid or mercuric iodide, which retard the 
production of hypoiodous acid, have an opposite effect. 

The very rapid absorption of iodine in presence of alkali, which 
occurs in the method for the estimation of phenols suggested in 
this paper, is very probably due to the formation of hypoiodates. 

The action of Hiibl’s solution on tannic acid has been studied 
with the view of throwing further light on the question, and a 
direct connexion between the iodine absorbed from Hiibl’s solution 
and that taken up from an alkaline solution has been established. 
Attempts were also made to isolate iodotannin compounds, but 
without success. Similar lack of success in this direction has been 
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recorded by F. B. Power and F. Shedden (Pharm. J., 1901, [iv], 
13, 147). These authors consider that true compounds of tannic 
or gallic acid with iodine cannot be formed by the simple inter- 
action of these compounds in the presence of water, the resulting 
products containing the iodine in the form of hydriodic acid 
associated with more or less unaltered tannic or gallic acid and 
their oxidation products. 

Comparison between the results obtained with the iodine process 
and the Léwenthal method, when applied to a number of the 
commercial tannin-containing materials, showed a close agreement 
in all cases. 

Experimental Results. 


Phenol.—0'1 Gram of phenol was dissolved in 100 c.c. of water. 
To 10 c.c. of this solution, 5 c.c. of V/10-iodine were added, and 
then a few drops of starch solution. Sodium hydroxide solution 
was then cautiously added, drop by drop, until the solution became 
colourless. After stirring, concentrated hydrochloric acid was 
added, and the separated iodine estimated by standard thiosulphate. 
The mean of six titrations gave 2°15 c.c. of iodine solution absorbed 
(=0°0273 gram of iodine). On the supposition that one hydroxyl 
group requires one molecule of iodine, 0°0272 gram of iodine is 
theoretically required. 

Salicylic Acid.—0°01 Gram of salicylic acid in aqueous solution 
absorbed 1°85 c.c. (0°0234 gram) of iodine. Calculated for one 
hydroxyl group, the theoretical absorption is 0°0184 gram of 
iodine. The result in this case is, therefore, empirical, although 
repeated estimations proved it to be quantitative. 

Messinger and Vortmann (loc. cit.), following Kopperschaar’s 
process for the estimation of phenol by bromine, proposed to 
estimate salicylic acid by precipitating it in alkaline solution, as 
sodium di-iodoiodososalicylate, by addition of iodine and titrating 
the excess of iodine with sodium thiosulphate. W. Fresenius and 
Griinhut (Zeitsch. anal. Chem., 1899, 38, 292) have criticised this 
method adversely, but in our experiments the results were remark- 
ably consistent, and the results were unaffected by the concentration 
of the solution or the amount of excess of iodine or of sodium 
hydroxide. Moreover, the method is available for the estimation of 
salicylic acid in the presence of benzoic acid. 

Resorcinol.—O'01 Gram of resorcinol absorbed 5:2 c.c. (0°06604 
gram) of iodine. The theoretical amount of iodine representing 
three molecules is 0°0694 gram. 

Catechol.—O'01 Gram required 3°65 c.c. of W/10-iodine (0°0461 
gram). Theory for two hydroxyl groups=0°0463 gram. In this 
case, therefore, the reaction may be considered normal. 
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Quinol.—O'01 Gram required 3°6 c.c. of W/10-iodine (0°0456 
gram). Theory requires 0°0463 gram. Of the three isomeric di- 
hydroxybenzenes, therefore, the ortho- and para-compounds behave 
normally, whereas the meta-derivative gives somewhat empirical 
results. 

Pyrogallol.—001 Gram required 6°1 c.c. of WV/10-iodine, which 
corresponds almost exactly with three hydroxyl groups on the 
supposition that one molecule of iodine is required for each 
hydroxyl group. 

Gallic A cid.—0°01 Gram required 3°55 c.c. of V/10-iodine (0°0448 
gram). Theory for three hydroxyl groups=0°0450 gram. 

Catechu-tannic Acid.—0'01 Gram in four titrations absorbed 
3 cc., 2°9 c.c., 3°1 c.c., and 2°9 c.c. respectively of W/10-iodine. 
The method is, therefore, available in this case. 

Catechin.—0°01 Gram required 2°4 c.c. of WV/10-iodine (0°033 
gram). Calculation for five hydroxyl groups gives 0°035 gram of 
iodine. : 


Influence of the Presence of other Growps on the Iodine Absorption. 


Ortho- and para-nitrophenols do not absorb iodine under the 
conditions, showing the protective action of the nitro-group. 
Picric acid is also inactive. In the case of p-aminophenol, 0°01 
gram absorbed only 0°35 c.c. of V/10-iodine (0°00444 gram). This 
corresponds with approximately one molecule of iodine for each four 
molecules of p-aminophenol. The result clearly shows the influence 
of the amino-group, and the method in this and similar cases is 
useless. Some absorption of iodine also takes place in the case 
of aminonaphthol-4-sulphonic acid. The non-absorption of iodine by 
mannitol, benzyl alcohol, and other compounds containing alcoholic 
groups, shows that the method is not available in the case of 
aliphatic hydroxyl groups. In the case of phloroglucinol, which 
can behave either as a phenol or as a quinone, 0°01 gram absorbed 
0°04318 gram of iodine, which closely corresponds with two instead 
of the three hydroxyl groups actually present. The protective 
action of the methoxy-group is indicated in the case of vanillin, 
with which no absorption takes place. The influence of the position 
of the hydroxyl group is well shown in the case of the hydroxy- 
benzoic acids. No reaction takes place with the p-derivative, but 
with salicylic acid, as already noted, quantitative results were 
obtained. This difference is probably associated with the pro- 
nounced phenolic character of salicylic acid exhibited in its 
antiseptic properties, its low melting point, its reaction with ferric 
chloride, its ready solubility in chloroform, and its slight solubility 
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in water, in which properties it is in marked contrast to its 
isomerides. 

Cinnamic Acid.—This unsaturated acid, which contains no 
hydroxyl group, does not absorb iodine from alkaline solution. 

Tannic Acid.—For the experiments with this substance, a sample 
of pure tannic acid (Kahlbaum) was used. 0°02 Gram required, 
as the mean of a large number of closely agreeing titrations, 
7°15 c.c. of N/10-iodine. After precipitating the tannic acid by 
gelatin, an absorption of 0°3 c.c. of V/10-iodine was given by 
20 c.c. of the residual solution. The corrected amount of iodine 
absorbed was therefore =0°08698 gram. 0°02 Gram of tannic acid 
requires for five hydroxyl groups 0°0788 gram of iodine (5I,), and 
for six hydroxyl groups 0°0946 gram (6I,). On the supposition 
that 11 atoms are absorbed by one molecule of gallotannic acid, 
the amount of iodine required by 0°02 gram of gallotannic acid 
is 0°0876 gram, which figure is in practical agreement with the 
experiments. The purity of the tannic acid was, however, not 
known. 

In order to test the reliability of the method, a_ large 
number of results were obtained, using widely differing quantities 
of the substances. The method was also applied to a number of 
the ordinary tannin-containing materials, the results obtained being 


compared with those given by the Léwenthal process. The solution 
of tannic acid contained 1 gram per litre: 


Volume of tannic acid solution, c.c.... 40 35 30 25 20 15 10 5 
NV/10-iodine, 6.6. ...0....000 14°25 12°45 10°70 8°90 7°15 5°35 3°55 1°80 


In each case the solution was diluted to 200 c.c. with water. 

The experiments were repeated, using WV /50-iodine and W/50- 
sodium thiosulphate : 

Volume of tannic acid solution, @.¢. ..........0.0c000e 20 15 10 5 

ws V/50-iodine expressed as sodium thio- 
IIE dinichss ttdbndcipeceinenecien-enenraveuieiunens 34°87 26°30 17°53 8°76 

Comparison of the Iodine with the Léwenthal Method.—The 
results (p. 1827) are expressed in percentages of tannic acid, 
Kahlbaum’s pure tannic acid being taken as the standard. 

Comparison of the Iodine Method with Hibl’s Process —0°2 Gram 
of tannic acid was dissolved in 25 c.c. of aleohol, and 25 c.c. of chloro- 
form, followed by 25 c.c. of Hiibl solution, were added. After 
standing twenty-four hours, the V/10-iodine absorbed was 33°55 
c.c., the figures in sixteen experiments varying from 32°35 c.c. to 
35°25 e.c A similar series, in which the chloroform was omitted, 
gave 32°46 c.c. of V/10-iodine absorbed. The amount taken up by 
0°2 gram of tannic acid under alkaline conditions is 71°5 c.c. of 
4 /10-iodine, which is almost double the above figure. 
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Lowenthal Iodine 
Tannins. method. method, 
Gall-nuts ...... 66°47 65°3 
64°02 65°62 
60°40 60°28 
63°61 63°14 
62°59 62°09 
22°84 21°26 
22°51 20°14 
16°57 16°08 
17°20 16°78 
26°06 27°27 
27°52 27°44 
29°33 29°74 
81°24 31°12 
28°11 28°67 
33°00 31°47 
13°63 13°28 


General Conclusions. 


The absorption of iodine by phenols in alkaline solution appears, 
in certain cases, to take place in definite molecular proportions, 
but in other cases in empirical, although quantitative, amount. 
The absorption takes place most readily in the case of compounds 
with pronounced phenolic properties, and is, in some vases, entirely 
prevented by the presence of other groups in the benzene nucleus. 
The method described is, however, available for the quantitative 
determination of tannic acid and other substances, and involves no 
complicated or lengthy process or the observation of an indefinite 
end-point. It appears, therefore, to be of practical importance. 
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CCIII.—Reactivity of the Halogens in Organic Com- 
pounds. Part III. Interaction of Bromoacetic, 
a-Bromopropionic, and a-Bromobutyric Acids and 
their Sodium Salts with Water and with Alkali. 


By GrorGe SENTER. 


In previous papers (Trans., 1907, 91, 460; Proc., 1908, 24, 89; 
Arrhenius Festschrift, 1909, Vol. 11) the results of an experimental 
investigation of the rate of displacement of the halogens in chloro- 
acetates and bromoacetates have been given, and the mechanism of 
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the respective reactions was discussed. Reasons have been adduced 
for the opinion that in the hydrolytic decomposition of chloro- and 
bromo-acetic acids by water, according to the equation : 
CH,X-CO,H + H,O=OH-CH,:CO,H + HX 

(X=Cl or Br), the reaction takes place mainly between the non- 
ionised acid and non-ionised water. This view as tothe mechanism of 
these reactions is further discussed in the present paper in connexion 
with the corresponding measurements with the higher and substituted 
fatty acids, 

The decomposition of the sodium salts of the halogenaeetic acids by 
water and by alkali, represented by the general equations 

CH,X:CO,Na + H,O = OH:CH,°CO,H + NaX (1) 
and 

CH,X:CO,Na + NaOH = OH-CH,°CO,Na + NaX (2), 
appears to be rather complicated. The experimental results are most 
readily accounted for on the view that in case (1) the main reaction 
in dilute solution takes place between CH,X*COO’ ions and non-ionised 
water, but in more concentrated solutions the reaction of the sodium 
salt, CH,X°CO,Na, with water becomes of importance. For reactions 
of type (2) the mechanism in dilute solution is represented by the 
equation : 

CH,X*COO’ + OH’ = OH:CH,*COO’ + X’, 
but in moderately concentrated solutions the reaction 
CH,X:CO,Na+ OH’ = OH:’CH,°CO,Na + X’ 

also comes into account. 

The present paper deals with the displacement of the bromine in the 
first three members of the series of a-bromo-fatty acids and their sodium 
salts, the results obtained with bromoacetic acid having been partly 
repeated for the sake of comparison. As the mechanism of the 
reactions has already been discussed in connexion with the lowest 
members of the series, it has not been considered necessary, in tbe 
case of the higher acids, to vary the experimental conditions so widely, 
and attention has mainly been directed to the influence of substitution 
on the reactivity of the halogen. The results show that even in com- 
pounds so similar in type as the a-bromo-fatty acids, there are remark- 
able differences in the relative reactivity of the halogen according to 
the method by which it is measured. 


EXPERIMENTAL. 


Hydrolytic Decomposition of the Bromo-futty Acids by Water.—The 
results of a typical series of experiments with bromoacetic acid, 
a-bromoprupionic acid, and a-bromobutyric acid at 81° are given in 
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table I. The acids were employed in approximately V/10-solution ; 
quantities of 10 c.c. were sealed up in small tubes of Jena glass, and 
placed in a thermostat at constant temperature. At intervals tubes 
were taken out, rapidly cooled, and the contents titrated with a dilute 
solution of barium hydroxide, using phenolphthalein as indicator. In 
the tables the concentrations, C;, are given in c.c. of the barium 
hydroxide solution required to neutralise the bromo-acid remaining in 
10 c.c. of the solution after heating for the time t. The “ constants,” 
k, are calculated according to the formula for a unimolecular 
reaction, 0°4343k = 1/tlog,,C,/C:, where C, is the initial concentration. 


TasLe I,—Temperature 81°. 


a-Bromopro- a-Bromo- 
Bromoacetic acid, W/10. pionic acid, V/10. butyric acid. 
iN . : 


ia ES oc eee % 


t (min. ). : - ok " k. C 


= . 11°8 

0:0017 : 0°0035 8°9 0°0043 

0:0015 0°0026 7°3 0°0032 

0°0014 5° 0°0023 60 0 0025 
These results illustrate two important points: (1) the initial rate at 
which the bromine is displaced increases somewhat with the com- 
plexity of the acid ; (2) whilst the “constants” for bromoacetic acid 
diminish slowly, those for the remaining acids diminish rapidly as the 
reaction proceeds. As it seemed probable that this diminution in the 
value of the constants might be connected with the presence of the 
hydrobromic acid formed in the course of the reaction, several series 
of experiments were made in the presence of different concentrations 
of hydrobromic acid, added at the commencement of the reaction. The 


results are given in the accompanying table. 


Tasue II. 


a-Bromopropionic Acid, N/10.—Temperature 79°. 
0°10.N-Hydro- 0°20N-Hydro- 


No hydrobromice acid. bromic acid. bromic acid. 
rs ; lee‘, ne 


~ 


0°0024 P 0°00105 ‘ 0:00074 
0°0020 : 0°00095 ; 0°00074 
0°0017 , 0°00082 ; 0°00073 
0:0012 ° 0°00080 , 000069 


0°40N-Hydrobromic acid. 0°80N-Hydrobromic acid. 
A ~ A. 


k. . " k. 


~ 


0°00065 : 0°00053 
000064 5° 0°00053 
0°60061 
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In another series of measurements at the same temperature, in the 
presence of 0:27N-hydrobromic acid, the value of & was 00068, in 
good agreement with the above results. 

The data just given show that in the absence of hydrobromic acid 
the reaction is comparatively rapid, but as the acid accumulates in the 
system, the rate rapidly diminishes. Further, in the presence of 
0:20N-hydrobromic acid, constants agreeing well for a unimolecular 
reaction are obtained, and addition of more acid has comparatively 
little effect on the reaction velocity. The bearing of these results on 
the mechanism of the reaction is discussed in detail later (p. 1836). 

As regards the effect of hydrobromic acid on the rate of decom- 
position of bromobutyric acid by water, it will be sufficient to quote 
the result of one series of experiments. 


Tase III, 
a-Bromobutyric Acid, N/10.—Temperature 79°. 


No hydrobromic acid. 0°27.N-Hydrobromic acid. 


cr mM, - 
. ° k. " Ci. k. 
0 an 11°6 - 

60 “ 0:0033 10°9 (0-00042) 
150 ' 0°0022 10°3 0°00033 
360 , 0°0017 72 000035 

1380 ‘ 0°0010 


These results show that the rate of decomposition of bromobutyric 
acid by water diminishes still more rapidly than that of bromo- 
propionic acid, and, in agreement with this, that hydrobromic acid in 
equivalent concentrations retards the former reaction still more than 
the latter. 

V/4-Hydrobromic acid reduces the constant for bromoacetic acid 
from 0°0062 to 0°0057 at 102°. 

Influence of Neutral Salis.—The effect of neutral salts on the rate 
of hydrolysis of the bromo-fatty acids by water is very slight, as the 
following results show. The constants are calculated from a rather 
advanced stage of the reactions, when the value for bromobutyric acid 
is less than that for bromopropionic acid. 


TaBLE IV.—Temperature 79°. 


a-Bromopropionic acid, 4/10. a-Bromobutyric acid, V/10. 


~ 


Salt added. k. “galt added. 


+M/1-Sodium bromida. 0°0012 +M/1-Sodium bromide.. 
+ M/1-Sodium nitrate ... 0 0012 +M/1-Sodium nitrate ... 
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Reaction between Sodium Salis and Water. 


The sodium salts were prepared in dilute solution by careful 
neutralisation of the acids with sodium hydroxide, free from 
carbonate. The solutions, which were approximately 1/10, were 
heated for definite intervals in sealed tubes at constant temperature, 
and the contents of the tubes titrated with barium hydroxide and 
phenolphthalein. The concentrations, C;, are expressed as the number 
of c.c of the standard barium hydroxide solution which would be 
required to neutralise the acid equivalent to the amount of salt in 
10 c.c. of the solution after the time ¢ has elapsed. The values of & 
are calculated according to the integrated equation, 

0:4343k = 1/tlog,,C./C, 


for a unimolecular reaction. 


TaBLE V.—Temperature 52°4°. 


Sodium a-bromopropionate, 
Sodium bromoacetate, N/10. approx. 1/10. 


k. ¢ (min.), Cn 

— 0 12°4 
0:00010 60 11°4 
0°60010 120 10°7 
0:00010 240 9°5 


Sodium a-bromobutyrate, 1/10. 
t. . k. 
0 ‘ = 
60 t 0°0026 
120 t 0°0023 
240 : 0°0017 


The table shows that sodium bromoacetate and sodium bromo- 
propionate give fairly good constants for a reaction of the first order, 
although in the latter case there is a slight diminution as the reaction 
proceeds. In the case of sodium bromobutyrate the diminution in the 
magnitude of the constants is still greater. As it seemed probable 
that this might be due to the influence of the sodium bromide formed 
in the course of the reaction, some measurements were made in the 
presence of this salt, and the results are given in table VII. 

As the results obtained with sodium chloroacetate described in the 
previous paper appear to show that both the ions CH,Cl-COO’ and 
the non-ionised salt, CH,Cl-CO,Na, react with water, it was considered 
desirable to make some comparative measurements with sodium bromo- 
propionate and butyrate in W/10- and J/!00-solution ; in the latter 
dilution the salts are almost completely ionised. The results are sum- 
marised in table VI, and show that the reactions are rather more 
rapid in the more dilute solutions. 
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Taste VI.—Temperature 52°4°. 


Sodium Sodium Sodium 
bromoacetate. bromopropionate, bromobutyrate. 
A A. A. 


~ ~ 


Dilution. Rk. * Dilution. k. Dilution. k. 
N/10 000010 N/10 00012 N/10 00023 
N/100 0-00010 4/100 0-0014 N/100 0 0026 


The bearing of these important results on the mechanism of the 
reaction is discussed later (p. 1837). 

Influence of Neutral Salis.—As in the case of the free acids, the 
effect of sodium bromide and of sodium nitrate on the reactions has 
been investigated, with the following results : 


TaBLeE VII.—Temperature 52°4°, 


Sodium a-Bromopropionate, N/10. 
No salt added. M/1-Sodium bromide. 4f/1-Sodium nitrate. 
A... + A 


t(min.). Cp k. m k. C;. 
0 13°4 

90 117 0°0015 “ 0-0010 

330 8°6 00014 00009 


_ 3° _ 13°4 
11°9 
8°9 


Sodium a-Bromobutyrate, N/10. 
No salt added. M/1-Sodium bromide, M/1-Sodium nitrate. 


~ ai > 


t (min. ). C:. &. Ch. k. Ci. R. 
C 737 — 11°7 -- 1 

90 9°4 0°0024 9°9 0:0019 
330 6°3 0°0020 78 0°0013 


17 — 
9°6 0°0022 
6°7 0°0017 


These results indicate that, whilst the rate of the reactions is only 


slightly diminished by the addition of sodium nitrate, both reactions 
are considerably retarded by sodium bromide (compare p. 1838). 


Reaction between Sodium Salts and Alkali. 


The chemical changes in this case are expressed by the general 

equation : 
R:CHBr:CO,Na + NaOH = R:CH(OH):-CO,Na + NaBr, 

where R represents hydrogen or an alkyl group. Dilute solutions of 
the sodium salts were mixed with an equivalent amount of alkali, and, 
after heating in sealed tubes for definite intervals, were titrated with 
approximately V/10-sulphuric acid and phenolphthalein. In all cases 
the sodium salt and the alkali were present in equivalent proportions, 
and the concentrations are expressed as the number of c.c. of acid 
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required to neutralise 10 c.c. of the reaction mixture. The values 
of & for the bromoacetate are calculated according to the general 
equation for a bimolecular reaction, 

= OF 

" tC, Co ee Ce 
when the reacting substances are present in equivalent amounts. 


Taste VIII.—Temperature 52°4°. 


Sodium 
Sodium bromoacetate bromopropionate Sodium bromobutyrate 
and hydroxide, 4/10. and hydroxide, V/10. and hydroxide, W/10. 


~ 


™ 


. Ci. k. 


0 Fs — 
60 8° 0°00055 

180 5° 0°00054 

300 4° 000050 


The figures show that in the presence of sodium hydroxide, bromine 
is displaced from sodium bromoacetate more rapidly than from the 
other two salts, and that for the former reaction constants agreeing 
well for a bimolecular change are obtained. On comparing the 
numbers found for sodium bromopropionate and bromobutyrate with 
those obtained for the same salts with water alone, it will be seeu 
that the speed in the latter case is not much less than when alkali is 
present. Hence it is not justifiable to calculate the results on the 
assumption that only the reaction between the salts and alkali is of 
importance (as in the case of sodium bromoacetate) ; we are dealing 
with two simultaneous reactions, in which the salts are acted on by 
water and by alkali. The calculation of the experimental results on 
this basis is dealt with in a later part of the paper. 

Influence of Neutral Salts.—In the former paper it was shown that 
the rate of reaction between sodium bromoacetate and sodium hydroxide 
is greatly accelerated by the action of neutral salts. In the same 
way the effect of neutral salts on the reaction between sodium 
hydroxide and sodium bromopropionate and bromobutyrate respec- 
tively has been investigated ; the results are given in table IX, 


TaBLE 1X.—Temperature 52°4°. 


Sodium Bromopropionate and Hydroxide, N/10. 


No neutral salt. M/1-Sodium M/1-Sodium 
- ~ bromide. nitrate. 
Ci. Ct. C;. 
13°4 1 
11°2 1 
8°3 


3° 13° 
ihe HI? 
8° 7 
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Taste [X.—Temperature 52°4° (continued). 


Sodium a-Bromobutyrate and Hydroxide, N/10. 


No neutral salt. M/1-Sodium M/1-Sodium 
rc ” bromide. nitrate. 
0 11° 117 11°7 
90 10° 10°3 9°8 
240 7° 8°6 7°5 


These results are rather difficult to interpret, as we are dealing 
with two simultaneous reactions which are presumably differently 
influenced by neutral salts. 


Discussion OF RESULTS. 


Reactivity of Bromine in the Different Compounds.—It will be of 
interest before dealing with the individual reactions to represent in 
tabular form the relative velocity with which bromine is displaced 
from the three acids and their salts under equivalent conditions. The 
measurements have not all been made at the same temperature, but by 
means of the temperature-coefficients given in the previous paper 
(Arrhenius Festschrift, loc. cit.), and on the provisional assumption 
that the coefficients for reactions of the same type are equal, the 
results are calculated to a uniform temperature of 52°4°. As regards 
the magnitude of the velocity constants, the reactions between the 
acids and water, and the sodium salts and water respectively, are 
unimolecular, and the constants are therefore independent of the units 
in which the concentrations are expressed. This, however, is not the 
case for the bimolecular reaction between the salts and sodium 
hydroxide. The unit employed was that equivalent to 1 c.c. of 0°085N- 
(or 1/11°8N) sulphuric acid, 10 c.c. of the reaction mixture being 
titrated, and therefore to a concentration of 1/11°8 x 10=1/118 gram- 
molecule per litre. Hence, if referred to 1 gram-mol. per litre, the 
constants in table VIII have to be multiplied by 118, if (as is more 
suitable for our present purpose) the unit is 1/10 gram-molecule per litre, 
they have to be multiplied by 11°8. For the sake of completeness, 
constants representing the rate of the reaction between the bromo-acids 
and silver nitrate are included ; the results of this investigation will be 
given in a subsequent communication. 
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TABLE X.—Temperature 52°4°. 


CH,Br*CO,H + H,0. CHMeBr°CO,H + H,0. :CHEtBr*CO,H + H,0. 
k=0°000085 0°00017 0°00022 
[1] [2] [2°6] 
CH,Br’°CO,Na + H,0. CHMeBr°CO.Na + H,0. CHEtBr*CO,Na + H,0. 
&=0°00010 0°0014 0°0026 
[1-2] [16] [30] 
CH,Br’CO,Na+ NaOH. CHMeBr°CO,Na + NaOH. CHEtBr*CO,Na+ NaOH. 
k=0°0065 0°0009 00008 
[76] [10] [9] 
CH,Br°CO,H + AgNO,. CHMeBr°CO,H + AgNO. CHEtBr*CO,H + AgNO, 
k=0°0064 0°48 1°44 
[76] [5700] [17000] 


The numbers in brackets give the relative initial velocities of the 
reactions in V/10-solution referred to the slowest—the reaction 
between bromoacetic acid and water—as unit, 


Interaction of the a-Bromo-fatiy Acids and Water. 


This type of reaction, which may be represented by the general 
equation R-CHX-CO,H + H,O=R-CH(OH):CO,H+ HX, has been 
fully investigated in the case of chloroacetic acid and water (Trans., 


1907, 91, 460). As the addition of free halogen acid has very 
little effect on the rate of reaction, I have already suggested that 
the main change takes place between the non-ionised acid and 
water, the reaction, unlike most hydrolytic changes, not being 
catalytically accelerated by H* ions. Bodenstein (Zeitsch. Hlektro- 
chem., 1909, 15, 403) has recently suggested an alternative explana- 
tion of these observations—to the effect that it is the CH,Cl-COO’ 
ion which is acted on by water, and that the effect of the hydro- 
chloric acid in diminishing the ionisation of the chloroacetic acid 
(and thus diminishing the CH,Cl-COO’ ion concentration) is just 
balanced by its catalytic effect. In support of this suggestion it 
is stated that with one exception, the hydrolytic decomposition of 
certain sulphonic esters (Wegscheider, Zeitsch. physikal. Chem., 1902, 
41, 52), all hydrolytic actions are accelerated by acids. 

There appear, however, to be certain objections to Bodenstein’s 
view as to the mechanism of these reactions. The effect of acids in 
accelerating hydrolytic changes is by no means general. I have 
recently shown (Proc., loc. cit. ; Arrhenius Festschrift, loc. cit.) that the 
hydrolytic decomposition of a-chlorohydrin by water is only slightly 
affected by hydrochloric acid, and as in this case there is no ionisation, 
we have a reaction, closely analogous to that under discussion, in which 
H’ ions exert no catalytic effect. Further, the remarkable results 
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obtained in the investigation of the hydrolytic decomposition of 
a-bromopropionic acid and a-bromobutyric acid by water, described in 
the present paper, appear very difficult to account for on Bodenstein’s 
theory, but are readily explained on the view as to the mechanism of 
these reactions I have advocated. It has been shown that when the 
acids alone are heated with water, the “constants” calculated for a 
unimolecular reaction diminish fairly rapidly, but in the presence of 
excess of hydrobromic acid constants agreeing well for a unimolecular 
reaction are obtained. The most rational explanation of this observa- 
tion is that both the free CHMeBr-COO’ ions and the non-ionised 
acid are acted on by water. If we call the constant for the first 
reaction k,, and that for the second reaction k,, the rate of the reaction 
is represented by the differential equation : 


_ = k[CHMeBr-COO'[H,0] + &[CHMeBr-CO,H][H,0] (1), 
(a.) (d.) 

where d[HBr]/dé represents the rate at which hydrobromic acid is 
liberated, in other words, the rate of the reaction as a whole. When 
free bromopropionic acid is taken, the factor (a) is of importance 
(it being assumed that the ion reacts more rapidly with water than 
the free acid), but as hydrobromic acid accumulates in the system, (a) 
becomes smaller and smaller, and finally becomes negligible in com- 
parison with (5). This suggestion as to the mechanism of the reaction 
can be tested by calculating the initial concentration of CHMeBr-COO’ 
ions in the free acid solution, and hence the initial velocity of the 
reaction, which is the sum of the rate of hydrolytic decomposition of 
the non-ionised acid and of the ions. The latter factor can be 
determined approximately from the rate of decomposition of sodium 
bromopropionate, and the former by extrapolation from the rate in the 
presence of excess of hydrobromie acid. The constant for sodium 
bromopropionate in JV/10-solution at 52°4° is 00014, and, assuming 
that the temperature-coefficient for 10° is 30, the approximate value 
of the constant at 79° will be 0:°035. At 79° a W/10-solution of 
bromopropionic acid is ionised to the extent of about 10 per cent., and 
the sodium salt to 80 percent. Hence, the ratio of the CHMeBr-COO’ 
ion concentrations in the two solutions is 8:1, and the constant for 
the free acid, as far as the ions are concerned, is 0°035/8 =0:0044. 
To this has to be added the constant for the non-ionised acid, which, in 
the absence of hydrobromic acid, will be approximately 0°0007 
(Table II). Hence, the initial velocity at 79° should be 0°0044+ 
0:0007 =0°0051, and should diminish fairly rapidly, owing to the 
formation of hydrobromic acid and the consequent diminution in the 
concentration of the CHMeBr-COO’ ions. In good agreement with 
this, the observed average value of the constant during the first hour 
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is about 0°0030. It is not practicable in such a case to determine 
with accuracy the initial velocity by titration after heating for a short 
interval of time, as some time elapses before the tubes assume the 
temperature of the bath, and considerable uncertainty is thus 
introduced. 

The view as to the mechanism of the reactions advocated in the 
previous paper not only accounts for the fall in the constants for the 
two higher acids, but also for the fact that fairly well agreeing 
constants are obtained for bromoacetic acid throughout the reaction, 
In the latter case, the reactivity of the CH,Br-COO’ ion with water 
is comparatively so small (compare table V) that the (a) term in 
equation (1) is negligible throughout. 

A very interesting point in connexion with the bromo-fatty acids is 
that the effect of hydrobromic acid in diminishing the rate at which 
bromine is displaced becomes greater as the series is ascended. This 
result is not directly connected with the “strength’’ of the acids, 
The dissociation constants at 25° are as follows: Bromoacetic acid 
0:00138, a-bromopropionic acid 0:00108, a-bromobutyric acid 0°00106. 
Thus the two latter acids are equal in strength, whereas the ratio of the 
rates of displacement of bromine in the presence of WV/5-hydrobromic 
acid is approximately 2:1. Whether these represent the intrinsic rates 
of displacement for the non-ionised acids, or whether the acids are 
affected directly by hydrobromic acid to a different extent, is not easy 
to decide. Experiments are in progress with the object of throwing 
light on this question. 


Interaction of the Sodium Salis and Water. 


The results given on p. 1831, especially the observation that the 
velocity constants are rather greater in V/100-solution than in 4/10- 
solution, show conclusively that, at least in dilute solution, the negative 
ion, and not the non-ionised salt, is the active agent. Hence there 
appear to be only two possible methods of representing the mechanism 
of the reactions : 

(1) The anion R°CHBr-COO’ reacts directly with water according 
to the equation R-CHBr-COO’ + H,O = R-CH(OH)-COO’ + HBr. 

(2) The bromine is displaced along with the negative electron, as 
represented by the typical equation : 

R:CHBr-COO’ —> R:CH:COO+ Br’, 
the residue immediately uniting with water to form the corresponding 
hydroxy-fatty acid, R-CH(OH):CO,H. The first alternative is rather 
difficult to reconcile with the fact that the velocity increases with the 
complexity of the anion, the ratio bromoacetate : bromopropionate : 
bromobutyrate being approximately 1:14:26 (table X). The fact 
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that the methyl group is, in general, more positive than hydrogen can 
scarcely account for the fact that the CHMeBr-COO’ ion is fourteen 
times more reactive than the CH,Br-COO’ ion, more especially as the 
introduction of larger groups might be expected to retard the action 
owing to “steric hindrance.” 

On the alternative view as to the mechanism of the reaction, a 
plausible explanation of the accelerating effect of substitution can 
be given. It is well known (compare Van’t Hoff, Vorlesungen, III, 
p. 131) that the tendency of maleic acid to eliminate water, forming 
the anhydride, is greatly increased by substituting methyl groups for 
hydrogen, for example, dimethylmaleic acid is only known in the form 
of the anhydride, oO and the usual explanation is that 
owing to the greater space occupied by the larger substituting groups 
the two carbonyl groups are urged nearer together, the removal of 
water between the two groups being thus facilitated. On similar 


, , ; ; R:CHBr 
lines it may: be suggested that in the compound 0 b 0’ the 


bromine atom and the negative electron are urged nearer in space 
the larger the group R, thus facilitating the formation of Br’ ions. If 
this reaction is to any extent reversible, the addition of alkali 


bromides ought to retard it, and, in accordance with this, it has 
already been pointed out that reactions of this type are considerably 
retarded by sodium bromide (p. 1832). 


Interaction of the Sodium Salts and Sodium Hydrowide. 


The results given in the present and former papers appear to show 
that, as regards the first member of the series, bromoacetic acid, the 
reaction between its sodium salt and sodium hydroxide in dilute 
solution is best represented by the equation CH,Br-COO’+OH’' = 
CH,(OH)-COO’+ Br’. A remarkable difference between the re- 
action and that of ester saponification, however, is that in the 
former case the CH,Br-COO’ ion is acted on almost as rapidly by 
water as by dilute alkali. 

The results quoted in table VIII show that the sodiu salts of the 
two higher bromo-fatty acids are acted on less rapidly in the presence 
of alkali than is sodium bromoacetate. Comparison with the data in 
table V shows that for the former two salts the action of water 
cannot be neglected in comparison with that of alkali. In the case of 
sodium a-bromopropionate, for example, we are dealing with two 
simultaneous reactions, represented by the equations: 

CHMeBr-COO’ + H,O=OH-CHMe-C00’'+H'+Br’ (1). 
CH MeBr-COO’ + OH’ = OH*CHMe:COO + Br’ (2). 
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If dx/dt represents the rate at which bromine is displaced as the 
result of the simultaneous reactions (1) and (2), the rate of the reaction 
is represented by the differential equation : 
= = k,[{CHMeBr-C00'][H,0] + &,{CHMeBr-COO'[OH’] (3). 

If the salt and sodium hydroxide are taken in equivalent concentra- 
tion, and the latter, at the time ¢, is represented by a -x, equation 
(3) simplifies to 


3 =k,(a-«)+k,(a — x)? =[k, + k,(a — x) |(a - x) (4), 


the concentration of the water being taken as constant. 
On integrating equation (4), putting x =0 when ¢ =0, we obtain 
atin k, +k(a — x) |a 
kt=2 3026log, 4 eer (5). 

These formule must now be applied to the experimental results 
given in table VIII. Perhaps the simplest method of procedure is 
to find an approximate value for &, by substituting in equation (4) 
known values of (a —«) and k, (the latter being obtained at once from 
the results given in table V), and to check these values by means of 
equation (5). In this way, k,=0°00008 has been obtained as the 
average value of the velocity constant for the reaction between 
sodium bromopropionate and sodium hydroxide, and k,=0°00007 as 
the corresponding constant for the reaction between sodium bromo- 
butyrate and sodium hydroxide. In order to reduce these numbers 
to a concentration of 1/10 molecule per litre, they have to be multi- 
plied by 11°8 (compare p. 1834), and thus the values 4,=0°0009 and 
0:0008 quoted in table X are obtained. 

A little difficulty in checking these values by substitution in 
equation (5) arises from the fact that &, diminishes somewhat 
throughout the reaction owing to the retarding influence of the 
products of the reaction. It has therefore not been considered 
necessary to quote the results of the calculations in detail, as the 
numbers given are sufficiently accurate for our present purpose. 

Two interesting results have thus been obtained: (1) that in con- 
trast to ester hydrolysis the action of alkali on the sodium salts of 
the bromo-fatty acids is not much more rapid than the action of water 
alone ; (2) there is a fall in reaction velocity with increasing substitu- 
tion, the ratio bromoacetate:a-bromopropionate: a-bromobutyrate 
being approximately 9:1:1:1. The first observation becomes more 
intelligible when it is borne in mind that, whereas in ester saponifica- 
tion a negatively charged group (the OH’ group) is acting on a neutral 
molecule, in the case now under discussion the reaction takes place 
between two negatively charged groups (compare Meyer, Zettsch. 
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physikal. Chem., 1909, 6'7, 257). In the latter case, the repelling 
effect of the two similar charges may well exert a great retarding 
influence on the reaction velocity. This view becomes still more 
plausible when it is borne in mind that the action of alkali onthe 
electrically neutral a-chlorohydrin is enormously more rapid than that 
of water, just as in ester hydrolysis (Senter, loc. cit.). 

The diminution in the velocity as the series is ascended is perhaps 
most readily accounted for on space considerations, the action of 
OH’ ions on the bromine being the more retarded the greater the 
volume of the substituting group. 


General Conclusions. 


There do not appear to be any previous results with which those 
given in the present paper can be directly compared. Bischoff (Ber., 
1899, 32, 1748) carried out an extensive series of experiments on the 
reaction between sodium alkyloxides and bromo-fatty esters. In the 
case of sodium ethoxide and bromopropionic ester, for example, the 
main reaction may be represented by the equation 

EtONa + CHMeBr°CO,Et = OEt‘-CHMe-CO,Et + NaBr ; 

but secondary reactions, such as hydrolysis of the bromo-fatty ester, 
also occur in this and the corresponding reactions with other esters 
and alkyloxides. For two reasons, Bischoff’s results cannot be regarded 
as giving a very satisfactory picture of the influence of substituting 
groups on the rate of reaction. In the first place, the majority of the 
experiments were made in light petroleum, in which the sodium alkyl- 
oxide was suspended, and accidental circumstances play a great part 
in determining the course of such reactions in heterogeneous systems. 
Further, the reactions were allowed to proceed almost to completion in 
many cases before observations were made, and therefore the results 
throw very little light on the influence of substitution on the reaction 
velocity. One of Bischoff’s main objects was to find what substances 
were formed in the course of the reaction, and this was sufficiently 
secured by his method of experiment. A repetition of some of his 
observations, with due attention to the rate of reaction, would probably 
lead to interesting results. 

Slator (Trans., 1904, 85, 1286; 1905, 8'7, 482; this vol., 93) has 
made an extensive series of measurements on the rate of reaction 
between organic halogen compounds and sodium thiosulphate, and 
shows that for compounds of the same type the rate of the reaction 
generally diminishes with increasing complexity of the substituting 
group. ‘he earlier experiments of Wislicenus, Menschutkin, and Hecht, 
Conrad and Briickner with other reagents alzo show that the activity 
of the halogens is diminished by substitution of alkyl groups for 


- 
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hydrogen, This is evidently the typical behaviour, and corresponds 
with the results with sodium hydroxide described in the present paper. 
Quite a different order of activity is obtained when the rate of reaction 
between halogen compounds and silver nitrate is measured (Burke and 
Donnan, Trans., 1904, 85, 555). This type of reaction will be dis- 
cussed later, when the results of measurements now in progress are 
available, but the provisional results quoted in table X show that the 
order of activity of the bromo-fatty acids with silver nitrate is quite 
different from the typical one. 

The results promise to throw some light on the so-called ‘“‘ Walden 
inversion,’ the investigation of which has recently been again under- 
taken by Fischer (Ber., 1907, 40, 489) and by McKenzie (Trans., 
1908, 93, 811). Walden (Ber., 1899, 32, 1848), in order to account 
for the different action of alkalis and of silver salts on the halogen 
derivatives of fatty acids, has suggested that such compounds as 
bromopropionic acid are dissociated to a considerable extent in solu- 
tion with production of halogen ions, and that in the presence of 
alkalis direct exchange takes place between the halogen ions and 
the OH’ ions. In the reaction between the halogen-fatty acids and 
silver nitrate, on the other hand, it is considered that complex addition 
compounds are formed which, after rearrangement, give rise to the 
final products. 

The results described in the present series of papers, especially the 
fact that sodium bromide has practically no effect on the rate of dis- 
placement of bromine in a-bromopropionic acid by water, appear 
entirely to disprove Walden’s theory that halogen ions are present in 
solutions of the free halogen-fatty acids. Even in the case of 
solutions of the sodium salts, it is very improbable that the anions 
give rise to halogen ions by ionisation, and the fact that the reaction 
between sodium bromoacetate and sodium hydroxide is bimolecular 
shows that in any case the rate at which halogen ions are formed is 
not the sole determining cause of the observed reaction velocity. The 
view of the mechanism of the reaction advocated in the present paper 
does not postulate an ionisation of the ordinary type, in which positive 
and negative ions are formed in equivalent amount, but the slow 
removal of a Br’ ion, leaving a neutral molecule. On the other hand, 
there is no reason to doubt that the mechanism of the displacement 
of halogen by hydroxyl under the influence of alkali and of silver 
salts respectively is essentially different. The matter will be further 
discussed in connexion with the experiments on the reactions of 
silver salts with halogen-fatty acids now in progress. 


In conclusion, I desire to express my thanks to the Directors of the 
Davy-Faraday Research Laboratory of the Royal Institution, where 
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part of the experimental work has been carried out, and also to 
Dr. Fliirscheim, with whom I have had the advantage of discussing 
the subject matter of the paper. 


CHEMICAL DEPARTMENT, 
St. Mary’s HospirAL MEDICAL ScHOOL, W. 


CCIV.—Ethyl Ether. Part I. The Influence of Water 
and Alcohol on its Boiling Povwnt. 


By Joun Wane, D.Sc., and Horace Finnemore, B.Sc. 


Ir is usually assumed that ether is pure when readily recognised 
impurities, such as alcohol, aldehyde, and hydrogen peroxide, have 
been eliminated by washing, and dissolved water has been removed 
by digestion with calcium chloride or quicklime, followed by sodium 
or phosphoric oxide. The boiling points given by modern workers 
are concordant: Schiff (Annalen, 1883, 220, 232), Perkin (Trans., 
1884, 45, 474), and Ramsay and Young (Phil. Trans., 1887, 51, 
57) all agree on 34°6°. The discrepancies between the densities,‘ 
however, are greater than can be attributed to experimental error. 
In the following table, which embodies the principal data, the 
reductions have been made by means of the coeflicients of expansion 
determined by the respective authors, except with Perkin’s number, 
for which a mean coefficient was used; Squibb’s. values have also 
been corrected for expansion of glass and for buoyancy. Squibb 
and Oudemans give values for several specimens, of which the 
extremes have been taken: 
Densities. 
Reduced Reduced 
Authority. Drying agent. Original. to 0°/4°. to 15°/15°. 
Kopp (Ann. Phys. Chem., 

1847, 72, 228) Calcium chloride 0°72895 6°9°/4° 0°73658 0°72058 
Perkin (loc. cit., 1884) Phosphoric oxide 072008 15°/15° 0°73625 (0°72008) 
Squibb (Zphemeris, 1885, 

2, 592) Calcium chloride 0°71928 15°/4° 0°73683 0°72004 

0°71908 15°/4° 0°73612 0°71984 
0°73128 4°/4° 0°73611 0°71982 


Cc 


Oudemans (Ree. trav. chim., 
1885, 4, 269) Limeand sodium 0°73600 0°/4° (0°78600) 0°71983 
0°78586 0°/4° (0°73586) 0°71969 

Pierre (Ann. Chim.-Phys., 
1845, [iii], 15, 260) Calcium chloride 0°73591 0°/4° (0°78591) 0°71975 


Accurate fractionation of various specimens of ether, which 
had been carefully purified by the processes employed above, showed 
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that in no case was a really homogeneous product obtained ; every 
specimen was resolvable into constituents having varying boiling 
points and densities. It was hoped at first that it would be possible 
eventually to isolate the pure substance in this manner in accordance 
with previous experience; and, indeed, in the majority of instances, 
principal fractions were obtained which agreed in boiling point to 
001°. The want of uniformity, however, in the densities of these 
fractions—which, in ordinary circumstances, would certainly have 
been found to be pure—showed that excellent agreement in boiling 
point might exist concurrently with appreciable variations in com- 
position, and that it was doubtful whether finality had been 
reached. 

Indications afforded by the earlier fractionations rendered it 
probable that this curious disagreement between the two constants 
was due to the formation of a physical mixture, or mixtures, 
analogous to the mixtures of constant boiling point isolated by 
Young and Fortey from alcohol (Trans., 1902, 81, 717), and by 
the present authors from chloroform (ibid., 1904, 85, 1938). The 
behaviour of artificial ‘mixtures of ether with water and alcohol 
was therefore investigated. It was eventually found that, on the 
one hand, a small proportion of water appreciably depresses the 
boiling point of ether, owing to the formation of a definite binary 
mixture; and, on the other hand, that a small proportion of 
alcohol, although not forming a definite mixture of this class, clings 
to ether with remarkable persistence, and appreciably raises its 
boiling point. 

Unless, therefore, all the alcohol, and all but a trace of the 
water are first removed, it follows that it is impossible to obtain 
pure ether by any process of fractional distillation; and that 
constancy in its boiling point, especially as determined in the 
course of ordinary rectification, may be due merely to the mutual 
cancelling of these two opposing factors, and cannot, as is usually 
assumed, be accepted as conclusive evidence of the purity of this 
substance. 


I.—F zamination of Ether Purified by Existing Processes. 


The experiments described below were made with commercial 
“pure” ether, prepared from rectified spirit and pure sulphuric 
acid. The sp. grs. of the various specimens (0°7213, 0°7222, 0°7214, 
0°7219 at 15°/15°) fell within the customary limits; water and 
appreciable quantities of alcohol were invariably present. 

The various products, after treatment as described, were frac- 
tionated with the usual precautions through a Young evaporator 
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column having eight sections.* The boiling points, which were 
checked by reference to standard thermometers, are expressed on 
the hydrogen scale, and reduced by means of Ramsay and Young’s 
vapour pressure data (loc. cit.) to 760 mm. at 0° and Lat. 45°. 
The sp. grs. were determined at ¢°/t° in a large (40 c.c.) 
pyknometer of Ostwald-Sprengel pattern, and corrected to vacuum. 
They were reduced to 15°/15° by means of the dilatation constants 
of Pierre and Oudemans, and are correct to one or two units in 
the fifth place. . 

The individuality of a fraction, such as is afforded by a very 
efficient still-head, is indicated by the relative constancy of its 
boiling point, and is conveniently measured by the ratio of its 
weight (Aw) to the increment of temperature (At). This ratio 
rises to a maximum as the boiling point of each individual (whether 
chemical or physical) is reached, after which, except at the end 
of a series, it falls again to a minimum. When maxima are very 
close together, as in the present work, and the member of higher 
boiling point is in large excess, the temperature of the lower 
maximum is invariably raised, sometimes to such an extent as 
altogether to obliterate it. To enable different fractionations to 
be compared, the weight is reduced to a percentage of the 
total quantity (W) treated. In the following tables, the ratio 
100Aw/WAt is indicated by the symbol A. 


(a) Simple Desiccation: Calcium Chloride, Lime, Sodium, 
Phosphoric Oxide, Calcium. 


i. Commercial pure ether (500 grams) was shaken with powdered, 
recently fused calcium chloride (40 grams) at intervals for six 
days, when crystals of the hydrated salt became visible. A portion 
(125 grams) was poured off and fractionated : 


B. p. Weight. A. B. p. Weight. 
33°1 —34°39° 8°4 5 34°45—34°49° 32°7 
34°39 10°5 840 34°49 23°0 
34°39—34°43 20°8 420 Residue 12°2 
34°43—34°45 11°7 470 Loss 5°7 
There were two maxima, and therefore two constituents. The 
head fraction became turbid when mixed with carbon disulphide, 
and therefore contained water. This was confirmed by the densities. 
The sp. gr. of the original ether was 0°72137, which, after the 
desiccation, fell to 0°72036. The sp. gr. of the second, third, and 


* Much trouble was caused at the outset by excessive loss through evaporation, 
even with an efficient condenser the heavy vapour pouring steadily out of the 
mouth of the receiver. It was sufficiently checked ultimately by keeping both 
condenser and receiver nearly at 0°. 
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fourth fractions (which were mixed in order to fill the pyknometer) 
was 0°72024, and that of the fifth and sixth 0°72019. The 
accumulation of water in the head fraction, the formation of two 
maxima, and the progressively falling densities, indicate the 
presence of a binary mixture of ether and water, having a boiling 
point not much below that of pure ether. 

Further drying still further lowered the density. A portion of 
the partly dried product, sp. gr. 0°72036 (150 grams), was kept over 
sodium shavings (2°4 grams) for five days, and then rectified from 
the metal. The sp. gr. fell to 0°72020. To another portion (185 
grams), excess of phosphoric oxide was added (19 grams required). 
After rectification, the sp. gr. fell to 0°72001. These specimens were 
not fractionated at the time, and when examined later had 
deteriorated. 

ii. As the action of calcium chloride is slow, some commercial 
ether (300 grams) was digested with sodium shavings until gas 
ceased to be evolved. Next day it was rectified over phosphoric 
oxide. The sp. gr. was 0°72015. A portion (160 grams) was 
fractionated : 


B. p. Weight. A. 3. p. Weight. A. 
$3°2 —34°35° ¥ 2 34°52—34°56 19°0 300 
34°35—24°42 55 34°56—34°58 16°7 520 
34°42—34°44 240 34°58 16°0 1000 
34°44—34°46 5° 480 34°58—34°60 9°7 300 
34°46—34°50 250 Residue 10°0 — 
34°50—34°52° : 650 Loss 20°0 = 


There were three distinct maxima, and apparently three con- 
stituents. The first and second coincided with those obtained after 
drying with calcium chloride, but the third, and most important, 
was ata higher temperature. The additional maximum seemed to 
indicate a second binary mixture, possibly ether-alcohol. This is 
discussed later (p. 1850). The fractions were too close for accurate 
determination of density, but the separation was obviously inferior 
to that effected with the calcium chloride product (i). 

iii. Metallic calcium was comparatively ineffective as a desiccating 
agent. Some commercial ether (160 grams) was boiled with calcium 
raspings (5 grams) for four hours, and then kept for a week at the 
ordinary temperature. As a slow action was still proceeding, the 
experiment was then stopped. The sp. gr. of the rectified product 
was 0°72024. 


(b) Oxidation and Desiccation. 


i. Some commercial ether (150 grams) was shaken with a 4 per 
cent. solution of chromic acid (50 c.c.) and finally boiled for an 
hour (compare Dunstan and Dymond, Trans., 1890, 57, 574; 
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Lassar-Cohn, Annalen, 1895, 284, 226). Aldehyde having been 
removed by digestion with silver oxide, the product was dried with 
calcium chloride. A portion (92 grams) was fractionated : 


B. p. Weight. . B. p. Weight. A. 
1 y 34°45—34°49° 13°9 380 
5 34°49—34°51 12°5 680 


“¢ 


o 


32°6 —34°25° 3° 
34°25—34°39 9 
34°39—34°43 8 
34°43—34 45 10 


g 34°51—34°53 10°9 590 
1 5 Residue and loss 23°1 — 

The two maxima corresponded fairly with those of the calcium 
chloride product, but were much less definite. There was much 
dissolved water in the head fraction, and an appreciable amount 
of aldehyde. The fractions were not large enough for accurate 
determination of density. 

ii. Slightly alkaline permanganate, under suitable conditions, 
oxidises alcohol directly to acetic acid, or perhaps oxalic acid. It 
avoids the formation of aldehyde, and oxidises this if already 
present; it is thus well adapted for the purification of ether 
(Frangois, J. Pharm. Chim., 1897, [vi], 5, 521). Some commercial 
ether (150 grams) was shaken with aqueous permanganate (2°5 
grams in 50 c.c., with a little alkali hydroxide), with which it was 
finally boiled for half an hour. The rectified product was dried 
with calcium chloride, and fractionated (118 grams): 

B. p. Weight. A. B. p. Weight. 
32°65—34°24° 3°0 2 34°48—34°50° 12°0 
34°24—34°40 11‘1 59 34°50 16° 
34°40—34°42 11°4 480 34°50—84°52 ; 
34°42—34°44 14°4 610 Residue _ 
34°44—34°48 13°9 290 Loss 
The second maximum was sharper than with chromic acid. 

There was no aldehyde in the head fraction, but a considerable 
amount of water. 

ili. The best oxidation process examined was a modification of 
the preceding method, due to Dr. Fierz, which was kindly com- 
municated to the authors by Dr. M. O. Forster, in whose laboratory 
it has been employed for some time past. Commercial ether (200 
grams) was digested with a mixture of powdered potassium per- 
manganate (5 grams) and potassium hydroxide (5 grams) for a 
week at the ordinary temperature, the bottle being occasionally 
shaken. It was then poured off and rectified. The sp. gr. was 
0°72020 ; another specimen subsequently prepared in the same man- 
ner had sp. gr. 0°72021. A portion (181 grams) was fractionated: 


B. p. Weight. " B. p. Weight. A. 
33°2 —34°39° 9'7 384°45-—34°47° 11°4 815 
34°39—34 41 12°4 34°47—34°51 22°0 305 
34°41—34°43 11°8 34°51 88°4 4890 
84°48 —34°45 10°9 Residue and loss 14°4 —_ 
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The first maximum was the least sharp of any yet observed, and 
was evidently on the point of obliteration. The second was much 
the sharpest, and represented nearly half the total product; the 
sp. gr. of this fraction was 0°72006. The head fraction contained 
a little water, but aldehyde was absent. 


(c) Exhaustive Washing and Desiccation. 


Lieben (Annalen, Suppl., 1871, 7, 218) recommends removing 
alcohol by shaking with small quantities of water until the iodoform 
test gives a negative result; he found 20 or 30 washings necessary. 
Ramsay and Young (loc. cit.) found that 50 washings were needed. 
Squibb (loc. cit.) employed relatively large quantities of water, 
with which the ether was agitated mechanically for considerable 
periods; he found 6 washings sufficient, in the course of which, 
however, one-third of the ether was lost. Oudemans (loc. cit.), 
using Lieben’s method, stopped after 15 or 20 washings. To test 
this method, some commercial ether (700 grams) was shaken for 
fifteen minutes at a time with successive small quantities (50 c.c.) 
of water. After the 16th washing, when the weight had been 
reduced to 570 grams, the iodoform test ceased to give a definite 
indication of the presence of alcohol in the wash-water.* 

i. Part of the washed ether (250 grams) was dried by Oudemans’ 
method (loc. cit.). It was first digested with fresh quicklime (50 
grams, from marble) for two days in a well-filled flask, and then 
rectified from the lime. The first and last portions of the distillate 
having been rejected, the remainder was then digested with sodium 
shavings (2°4 grams), with which there was a slight, although 
immediate, action. Next day, the ether (183 grams) was rectified 
from the sodium; as the sp. gr. was then 0°72013, further examina- 
tion was unnecessary. 

ii. The remainder of the washed ether (307 grams) was digested 
with calcium chloride for two days, and then rectified from 
phosphoric oxide (37 grams). The product (240 grams) was frac- 
tionated ; its sp. gr. was 0°71999: 

B. p. Weight. A. B. p. Weight. A. 

33 °58—34°38° 4'2 2 34°48—34°49° 24°0 1000 

34°38—34 42 10°1 105 34°49 173°0 7200 

34°42—34°48 12°3 85 Residue and loss 16°4 — 


The first maximum had now practically disappeared. The second 
indicated a highly purified product, representing nearly three- 
fourths of the whole; its sp. gr. was 0°71994. This was the best 
result obtained with ether purified by existing processes. 


* The ether employed in this work had already been washed to a certain extent 
in the course of manufacture, 


Gr? 
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(d) Summary of Results with Ether Purified by Existing Processes. 


Sp. gr. 
Differential c De ~\ 
of best sest 
Treatment. fractions. B. p. Whole. fraction. 
Chromic acid and calcium chloride... 680 34°51° — a 
Sodium and phosphoric oxide 34°58 _ — 
Aqueous permanganate and calcium 
chloride 1370 34°50 --- - 
Calcium chloride only 1840 34°49 0°72036 0°72019 
Metallic calcium................. ppcesanacd - — 0°72024 “= 
Solid permanganate and alkali 4890 34°51 0°72020 0°72006 
Calcium chloride and sodium 0°72020 
Washing; lime and sodium...... ..... 0°72013 
Calcium chloride and phosphoric 
oxide ... 0°72001 


Washing ; calcium chloride and phos- 
phoric oxide y 0°71999 0°71994 


From these results, it was clear that the boiling point of pure 
ether is very near 34°50°, and its sp. gr. probably below 0°71994. 
As was to be expected, the sp. grs. decreased as the differentials 
increased ; but there was no evidence of finality. A considerably 
lower sp. gr. was, in fact, obtained at a later stage by methods 
which are still under investigation. The influence of water and 
alcohol were obviously very important factors in the purification, 
and needed examination before further progress could be made. 


II.—Zsolation of Binary Mixtures of Ether and Water: Investi- 
gation of Supposed Binary Mixture with Alcohol: Absence of 
Ternary Mixture. 


(a) Binary Aqueous Mixture. 


i. Ether and Excess of Water.—Commercial ether (130 grams) 
was fractionated in presence of water (50 grams): 


B. p. ight. . B. p. Weight. 
33°7 —34°10° 5: 34°19—100° small 
34°10—34°19 4 2 Residue 50°5 

34°19 4 Loss 13°2 


Practically three-fourths formed a homogeneous product of lower 
boiling point than pure ether. This was quite clear when first 
collected (sp. gr. 0°7245), but there were numerous small drops of 
water in the fractionating column, and after a time minute drops 
also appeared in the distillate. When the layer of ether in the 
still had disappeared, the boiling point rose at once to 100°, and 
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the distillation was stopped. The whole distillate was now dried 
roughly with calcium chloride, and fractionated (100 grams) : 


B. p. Weight. 4. | B. p. Weight. A. 
33°9 —34'16° 34 13 | 9436-3440? 18-4 460 
34'16—34°30 14°9 105 34-40—34°46 15°3 255 
34°30—34°36 10°7 180 34°46—34°50 16°2 405 . 

Residue and loss 21°1 — 


The product closely approximated to those previously obtained 
from purified ether. There were two distinct maxima, and the 
head and second fractions showed appreciable amounts of water 
when tested with carbon disulphide. 

In order to define the boiling point accurately, and ascertain 
the composition of the aqueous mixture, purified ether, b. p. 34°49°, 
sp. gr. 0°72002 (50 grams), was fractionated in presence of water 
(50 grams): 

B, p. Weight. A 


33°8—34°15° ’ 44 
34°15 . 7000 
35°0—100 — 


The boiling point was here exceedingly sharp, and became 
constant practically as soon as equilibrium was established. At 
15°, the ether was just about saturated with water, the percentage 
of which, calculated from the sp. gr., was 1°3.* The loss by evapora- 
tion was too uncertain to allow of analysis by distillation. 


* The sp. gr. of highly purified ether, sp. gr. 0°71982, saturated with water at 
various temperatures, was determined hydrostatically by means of a weighted glass 
sinker displacing about 30 c.c. The proportion of water was then calculated, 
allowing for contraction. 

Temperature 18° 16° 15° 14° 12° 10° 
Sp. gr. at ¢”/t° 0°7198 0°7214 0°7234 0°7244 0°7254 0°7272 0°7290 
Weight of water dissolved by 


1 gram of ether 0°013 0°013 0°013 6°013 0°0125 0°011 0:009 


The contraction was determined from the sp. gr. of solutions of known com- 
position, which were prepared by agitating ether in a well-stoppered bottle with 
water introduced in a small bulb. 


I. 0°6057 water in 50°31 ether, sp. gr. 0°71984, gave solution sp. gr. 0°72415. 
Il. 0°4042 ,, 50°92 ,, ,, 0°72000, 5, 55 y» 0°72423, 
I. Sp. gr. calculated 0°72228 ; contraction, 0°26 per cent. 
Il. be yy «0°77 2205 ; wt 030 ~,, 


The values given by various authorities for the solubility of water in ether are 
very <liscordant, possibly owing to the difficulty of purifying the ether—the 
solubility is greatly increased by even a very small quantity of alcohol; it is 
significant, however, that if the important correction for contraction be omitted, the 
values calculated from the above data become 0°023 from 20° to 15°, and 0°019 at 


1850 WADE AND FINNEMORE: ETHYL ETHER. PART I. 


ii. Water and Excess of Ether—The complete separation of two 
constituents, boiling within 0°35° of one another, is impracticable, 
and previous experience had shown that in such cases the con- 
stituent of higher boiling point can only be isolated when present 
in very large excess. Separation of pure ether in this manner was 
eventually effected from an imperfectly dried product, from which 
it is believed that every impurity but water had been removed. 
Some highly purified ether, which, when fully dried with phosphoric 
oxide, had b. p. 34°51°, A 8500, and sp. gr. 0°71982, was treated, 
after roughly drying with calcium chloride, with an amount of 
phosphoric oxide known to be insufficient. It was then fractionated 
(300 grams) : 

B. p. Weight. A. B. p. Weight. A 

34°35—34°42° 8°8 4 34°46—34°48° 11°0 180 

34°42—34°49 21°6 100 34°48—34°51 22°8 250 


34: 44—34:°46 23°6 390 34°51—34°52 194°0 6470 
Residue and loss 18°2 — 


There were two maxima, which corresponded closely with those 
of the ether purified by Fierz’s method (p. 1846). The sp. gr. of 
the third fraction (with part of the second) was 0°72012, and that 
of the fourth and fifth 0°72011. The sp. gr. of the main fraction 
was 0°71986, or very nearly that of the completely dried product. 
Ether, sp. gr. 0°72012, contains 0°14 per cent. of water. The 


elimination even of this small proportion of water as a more 
volatile constituent completes the proof of the formation of a 
binary mixture of ether and water of minimum boiling point. 

Ether therefore forms with water a binary mixture, which boils 
at 34°15°, and contains approximately 1°3 per cent. of water. 


(0) Supposed Binary Mixture with Alcohol. 


i. Ether with much Alcohol.—Some of the ether, sp. gr. 0°72013, 
which had been dried with sodium and phosphoric oxide (p. 1845), 
was fractionated with an equal weight of 99°8 per cent. alcohol 
(50 grams) : 

B. p. Weight. A. B. p. Weight. 
34°62—34°73° ‘ 50 78°05—78°21° 

34°73 ‘ 960 78°21—78 ‘23 
34°73—34°81 g 100 78°23—78°25 

34°81—35'0 : 40 78°25—78 27 


ether at the respective temperatures : 


Klobbie (Zeitsch. physikal. Chem., 1897, 24, 615) ... 0°012—0°0127 at 20° 
Schuncke (ibid., 1894, 14, 334) = = 
Napier (Bull. Soc. chim., 1878, [ii], 29, 122) ‘ 12 
Herz (Ber., 1899, 31, 2671) : 22 


naa mm ne nner as 2 coe oe Ooh lUCUClUC Uae 66 Oe 
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The elevation of boiling point originally noticed with this speci- 
men (34°68°) was now still more decided ; absolutely nothing passed 
over until well above the boiling point of pure ether. The tem- 
perature rose slowly until most of the ether had distilled, and then 
very rapidly to the boiling point of alcohol. The sp. gr. of the 
main ether fraction was 0°7211, corresponding with about 1°6 per 
cent. of alcohol. There was no indication of other maxima, but 
this was possibly due to the large amount of alcohol in the still 
(compare ethyl acetate, Wade, Trans., 1905, 87, 1664). Repetition 
with rather different proportions gave a substantially identical 
result, the main ether fraction boiling at 34°75°, and the alcohol 
fraction at 78°31°. In both cases the head fraction remained 
clear when mixed with excess of carbon disulphide; but water may 
nevertheless have been present, as a very little alcohol greatly 
increases its solubility in this mixture. 

ii. Hther with little Aleohol—Some highly purified ether, sp. gr. 
0°71986 (150 grams), was fractionated with a little nearly anhydrous 
alcohol (1°5 grams): 

B. p. Weight. . B. p. Weight. A. 
34°35—34°53° 10°6 34°65° 23°9 1580 
34°53— 34°59 34°65— 34°67 26°3 870 
34 59-—-34'63 26° 34°67-—-34°69 13°7 450 
34°63—34°65 : g 34 °69—34°77 15°9 130 

Residue and loss 14°9 — 

There were two maxima, both above the boiling point of pure 
ether and corresponding fairly with the two upper maxima of the 
abnormal ether (p. 1845). The sp. gr. of each maximal fraction 
was 0°7201, but after the second maximum the sp. grs. increased 
rapidly; that of the tail fraction was 0°7207. The sp. gr. of the 
residue was 0°7374; evidently little of the alcohol had passed over. 

The collected distillates were refractionated (128°0 grams), 
excluding the residue: 

B. p. Weight. A. | 3. p. Weight. A. 
34:0 —34°47° 9-1 14 34°50—34°52° 9°9 380 
34°47—34°49 10°1 395 | 34 52—-34'53 771 6030 
34°49—34°50 11°2 875 ' Residue and loss 10°8 — 
The maxima, which were now much more definite, had fallen 

very near the boiling point of ether, although the upper one was 
still distinctly high. The sp. gr. of this fraction was 0°72019. The 
sp. gr. of the residue was 0°7235. Most of the alcohol which had 
passed over in the first fractionation had therefore been eliminated. 

Repetition with suitable variations gave substantially the same 
results. There was no sign of a third maximum except on one 
occasion, when a little water was accidentally introduced in pre- 
paring for a refractionation. Highly purified ether, sp. gr. 0°71982 
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(150 grams), on fractionation with a little 99°8 per cent. alcohol 
(15 grams) had given maxima at 34°53° (A 385) and 34°63° 
(4 3510; sp. gr. 0°7202). The sp. gr. of the residue was 0°7323. The 
collected distillates were now refractionated as stated (114°0 grams; 
perhaps 0°2 gram of water): 


B. p. ight. . B. p. Weight. A. 
83°9 —34°47° y 84°52° 34°7 3020 

34°47 | 34°52—34°53 15°6 1370 
34°47—34°49 34°53—34 57 4°0 90 

34°49 ‘ Residue 10°0 — 
34°49—34°52 Loss 3°6 


There were here undoubtedly three maxima. The sp. gr. of the 
two head fractions was 0°7207; of the fourth and fifth (with part 
of the sixth), 0°72047; of the sixth, 0°72049; and of the residue, 
0°7215. The water had evidently passed into the head fractions; 
the alcohol, as before, was in process of elimination. This normal 
differentiation, taken in conjunction with the extreme closeness of 
the three maxima, rendered it probable that the middle maximum 
was a false one—a shadow of the first, as it were—due to elevation 
of boiling point by the alcohol in the still as the concentration 
increased. . 

iii. Lther with very little Alcohol_—It was thus probable that 
the lower maximum, which appears so persistently in the preceding 
fractionations, was merely due to a trace of water, and that ether 
does not form a binary mixture with alcohol. Direct proof of this 
could only be furnished by fractionating anhydrous ether with 
anhydrous alcohol in a dry atmosphere. Practically decisive 
evidence was obtained, however, by fractionating imperfectly dried 
ether, sp. gr. 0°72001 (150 grams), with a very little anhydrous 
alcohol (0°5 gram): 


B. p. Weight. , B. p. Weight. 
33°5 —34°47° 14°0 34°49° 65°1 
34°47—34°49 21°6 720 Residue 39°0 

Loss 10°8 


The sp. gr. of the first two fractions was 0°72018; of the main 
fraction, 0°71996; and of the residue, 0°72106. The boiling point 
and sp. gr. of the main fraction were those of fairly good ether, 
distinctly better than the original. The amount of water required 
to raise the sp. gr. of 35°6 grams of ether from 0°72001 to 0°72018 
is 0°028 gram. The amount which must be withdrawn in order to 
lower the sp. gr. of 65°1 grams of ether from 0°72001 to 0°71996 
is 0°017 gram; the difference is not greater than would be accounted 
for by the residual hygroscopic moisture adhering to the glass of 
the apparatus. The amount of alcohol required to raise the sp. gr. 
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of 39°0 grams of ether from 0°72001 to 0°72106 is approximately 
0°6 gram, and is fairly well accounted for by the 0°5 gram added. 

It may be concluded that ether does not form a binary mixture 
with alcohol, although its boiling point, and that of the binary 
mixture with water, is markedly raised even by small quantities of 
this impurity. 


(c) Absence of a Ternary Mixture. 


So far as the authors are aware, there is no instance of the 
formation of a ternary mixture without the accompanying 
formation, under appropriate conditions, of the three possible 
binary mixtures. This does not seem a priori impossible, however. 
At any rate, the point is doubtful, and, although the occurrence of 
the third maximum in the foregoing fractionations had been fairly 
satisfactorily accounted for, it was still possible that the lowest 
might be due to the formation of a mixture of this class. 

Commercial ether (70 grams) was fractionated with alcohol (20 
grams) and water (10 grams), which formed a clear solution with 
it at ordinary temperatures: 


B. p. Weight. A. B. p. Weight. A. 
34°06—34°16° 5°0 50 34°34" 29°6 2960 
34°16—34 24 14°1 175 Residue 29°0 — 
34 °24—34°34 10°3 100 Loss 12°0 -- 


There were here two maxima. These might conceivably have 
indicated a ternary mixture, followed by the binary aqueous mix- 
ture, but that this was impossible in presence of the very large 
excess of alcohol. The alternative was that the upper maximum 
was a duplicate or shadow (p. 1852) of the lower, due to the rapidly 
increasing concentration of the alcohol in the still. Repetition 
with a larger proportion of.ether (160 grams) gave a much sharper 
lower maximum (b. p. 34°19°, A 1460), and a lower boiling point 
for the upper maximum (34°23°, A 2950); the two maxima were 
evidently verging on coincidence. And on fractionating ether (50 
grams) with much alcohol (36 grams) and little water (0°5 gram), ° 
only two maxima were obtained: ether, b. p. 34°18°, A 1280; and 
alcohol, b. p. 78°12—78°18°, A 212. The two lower maxima had 
coincided. 

As the lowest maximum in each case was above the boiling point 
of the binary aqueous mixture (34°15°), it was now practically 
certain that it was due to the latter, the boiling point being raised, 
as in the case of dry ether, by the excess of alcohol in the still. 
This was finally established by refractionating the collective distil- 
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lates from the first fractionation (58°0 grams) with water (20°0 
grams) : 


B. p. Weight. A. 
34°0—34'14° 5°5 68 
34°15 42°8 7380 
Residue 19°5 -- 
Loss 10°2 os 
There was now only one maximum, identical with that of the 
binary aqueous mixture. A ternary mixture would not have been 
resolved by thus distilling with water. 
Ether therefore does not form a ternary mixture with alcohol 
and water. 


As ether forms a binary mixture with water, which boils with 
characteristic constancy 0°35° lower than the pure substance, and 
contains enough water to saturate it at the ordinary temperature, 
it follows that when moist ether is fractionated it will commence 
to pass over at a rather lower temperature than pure ether; and 
that unless all but a trace of the water is first removed, the pure 
substance cannot be obtained from it by any process of distillation. 
Further, as the boiling points both of ether and of its binary 
mixture are raised by the presence of alcohol, the formation of a 
maximum above the true boiling point from any particular specimen 
- is strong presumptive evidence of the presence of alcohol in that 
specimen. 

It may be concluded that, in order to obtain pure ether, it is 
necessary, first, that the alcohol should be completely eliminated, 
and then all but the merest trace of water; from such a product 
a good yield of anhydrous ether should then be procurable by 
accurate fractionation. From these data, the authors have suc- 
ceeded in devising processes which, as will have been noticed from 
examples mentioned incidentally in the preceding pages, have 
already furnished ether of a higher order of purity than any of 
the specimens which they have treated by the older methods. As in 
the case of chloroform, however, the problem is complicated by the 
peculiar instability of the highly purified substance ; this has necessi- 
‘tated yet further investigation, the results of which it is hoped to 
communicate in the near future. 
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HIBISCUS SABDARIFFA AND THESPASIA LAMPAS. 1855 


CCV.—The Colouring Matters of the Flowers of Hibiscus 


sabdarifia and Thespasia lampas. 


By ArtHur GeEorGE PERKIN. 
Hibiscus sabdariffa. 


Tue Hibiscus sabdariffa (Rozelle or Patwa), or Red Sorrel of the 
West Indies, is a small shrub which grows from three to four feet 
high, and is widely cultivated throughout the hotter parts of India 
and Ceylon. There is a considerable demand for this plant among 
the natives of India, for in the North-West Provinces it is grown 
as a food plant, and similarly in the Punjaub it is cultivated for 
the sake of its succulent acid calyces. The stems yield the Rozelle 
hemp of commerce, and this is obtained by retting the twigs as 
soon as the plant is in flower (Watts, Dict. of Economic Products 
of India, IV, 242). According to Burkill (Agricultural Ledger, 
Calcutta, 1908, No. 2, 13), the Hibiscus sabdariffa has fleshy, 
red calyces and pale yellow flowers. The yellow flowers are 
just capable of dyeing yellow, but are not used at all in India 
for this purpose; on the other hand, the red calyces are employed 
for dyeing in a very obscure degree in two remote parts of the 
country. Their use in Chutid Nagpur was made known by the 
Rev. A. Campbell, and their use among the Shans by Leveson. 

The sample employed in this investigation was kindly sent me 
by the authorities of the Imperial Institute, and these flowers 
included the stalk, epicalyx, calyx, and corolla. Unfortunately, 
however, the material had considerably deteriorated during trans- 
port, for on arrival most of the flowers had suffered decoloration, 
and the red colouring matter was now practically absent. 


EXPERIMENTAL. 


The material was digested with ten times its weight of boiling 
water for six hours, the mixture filtered, and the residue well 
pressed. The deep brown extract was treated with sulphuric acid 
to the extent of 2 per cent., which caused it to become red coloured, 
and the solution digested at the boiling point for two hours in 
order to hydrolyse the glucosides present. As the liquid, on cooling, 
had not deposited any colouring matter, it was extracted with a 
large volume of ether—a very troublesome operation, because the 
mixture emulsified, and the ethereal extract did not completely 
separate until after several hours. The latter was removed, 
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repeatedly washed with water, evaporated to dryness, and the 
small quantity of brownish-yellow residue which thus remained was 
digested with boiling water, and the next day the crude yellow 
colouring matter was collected (the filtrate A being reserved for 
further examination). The yield of this product was poor, as 
500 grams of the flowers gave, on the average, only 1°8 grams of 
the crude substance, and during the operations described below 
this suffered a very considerable diminution. 

For purification, the semi-crystalline substance was dissolved in 
a large volume of boiling absolute alcohol, and the solution partly 
evaporated. A small quantity of crystals thus separated, which 
were collected and washed with alcohol (B), and a further trace 
of this compound was usually deposited on distilling off more of 
the alcohol. The alcoholic solution was now treated while hot 
with a little boiling water, and the yellow product which separated 
on cooling was collected and recrystallised from dilute alcohol. 

As the complete purification of this compound, the main 
colouring matter derived from the flowers, by further crystallisation 
was not feasible, it was acetylated by a short digestion with boiling 
acetic anhydride, to which a few drops of pyridine had been 
added (Proc., 1908, 24, 150), and the product isolated by pre- 
cipitation with water was crystallised from alcohol until colourless. 

As thus obtained, it melted at 222—224°, and on analysis gave 
C=57°25; H=4°23 per cent. To hydrolyse this product, it was 
dissolved in acetic acid, a little sulphuric acid was added, the 
solution boiled, and subsequently treated with water. The pale 
yellow needles which separated gave, on analysis: 

Found, C=57'51; H=3°49. 

CygHj.O, requires C=57°83; H=3°61 per cent. 

It was, however, subsequently observed that when this apparently 
pure acetyl compound was recrystallised twice from acetic acid 
containing a little alcohol, its melting point rose to 229—230°, and 
this, on analysis, gave slightly lower figures: 

Found, C=56°88; H=4°'19. 

C,;H,O,(C,H;0), requires C=56°84; H=3°86 per cent. 

By hydrolysis in the manner above-described, the amount of 
colouring matter thus produced also agreed well with this formula: 

Found, C,;H,jO0,=55°93; 55°85. 

C,,H.50,, requires C,;;H,;,0,;=55°79 per cent. 

The free colouring matter, dried at 160°, gave the following 
result : 

Found, C=56°60, 56°40; H=3°37, 3°28. 

C,;H,,O; requires C=56°60 ; H=3°14 per cent. 
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It consisted of pale yellow needles, which, after some time, 
developed a green tint, and appeared to melt between 295° and 300°, 
but the exact point was obscured by the darkening of the tube. It 
dissolves in concentrated alkalis to form orange-red solutions, and 
these, when diluted with water, become green coloured, and finally 
dull brown. If a suspension of the colouring matter in water is 
treated with one drop of the alkali, the green coloration is at once 
produced, and this, by oxidation with the air, develops on the 
surface a transient blue tint. With alcoholic lead acetate, it gives a 
deep red precipitate, which, on boiling, becomes brown, and alcoholic 
ferric chloride produces a deep olive-green liquid. Mineral acids, 
in the presence of acetic acid, gave in the usual way orange-red, 
crystalline compounds, but owing to the scarcity of material, 
sufficient of these could not be produced for analysis. 

By fusion with alkali, for which but a very small quantity of 
substance was available, a colourless, crystalline product was 
obtained. This melted at 194—196°, gave with aqueous lead 
acetate a colourless precipitate, with ferric chloride a deep green 
coloration, and was thus evidently protocatechuic acid. 

Dyeing experiments with this colouring matter, employing 
mordanted wool, gave the following shades: 

Aluminium. Tin. Chromium. Iron. 

Pale orange-brown. Orange-red. * Dull brown. Deep dull olive. 

In the presence of chalk, the shade obtained with the aluminium 
mordant is olive-yellow, a result which is probably due to a partial 
oxidation either of the free colouring matter in the dye-bath, or of 
the lake which is subsequently produced. 

These results suggested that this colouring matter of the flowers 
of the Hibiscus sabdariffa was gossypetin, a substance which exists 
in the flowers of the Indian cotton plant, Gossypium herbaceum 
(Trans., 1899, 75, 825), and a comparison of the two products 
subsequently showed that this was the case. To gossypetin the 
formula C,,H,,Og was previously assigned, and the melting point 
of its hexa-acetyl derivative was stated to be 222—224°. The 
results given above, however, indicate that the true formula is 
more probably C,;H,,O,, and that the original preparation from 
the cotton flowers, of which very little was available for experiment, 
was most likely contaminated with a trace of an analogous colour- 
ing matter, containing a higher percentage of carbon, and, in fact, 
there is evidence that such a compound also exists in minute 
quantity in these Hibiscus flowers. To determine, if possible, the 
identity of this substance, an examination of the mother liquors 
obtained during the purification of acetylgossypetin was carried 
out, and as a result a trace of a slightly more soluble acetyl 
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derivative was isolated, which melted almost entirely at 190—194°, 
although it was evidently not quite pure. It is thus probable that 
in addition to gossypetin a small quantity of quercetin is also 
present in these flowers, and that the complete separation of these 
substances is only effected when the admixture of their acetyl 
derivatives is frequently crystallised from acetic acid. Finally, 
analyses of gossypetin obtained from Egyptian cotton flowers, the 
examination of which is now in progress, have given results also 
in harmony with the formula C,;H,)Qx. 

Gossypetin is thus apparently isomeric with myricetin (Trans., 
1902, 81, 203), and there is a considerable resemblance between 
these two substances as regards the colorations produced from them 
by means of dilute alkali. On the other hand, hexa-acetylmyricetin 
melts at 211—212°, and by fusion with alkali gives gallic acid. 

The aqueous filtrate A (p. 1856) obtained during the isolation 
of the crude colouring matter from these flowers was extracted 
with ether, which removed a small quantity of a readily soluble 
compound. This, after repeated crystallisation from water, formed 
colourless needles, melting at 194—-196°, which gave, with ferric 
chloride, a green coloration, and consisted of protocatechuic acid. 
It is possible that this compound may not exist in the fresh flowers, 
and may be derived from protocatechualdehyde, for it is known 
that the odour of certain flowers is due to the presence of the 
latter substance. 

As regards the sparingly soluble colouring matter (B) (p. 1856) 
isolated with the gossypetin, and removed from it by fractional 
crystallisation, the very small amount obtained admitted only of 
a very cursory examination of its properties. It consisted of pale 
yellow, glistening leaflets, which melted at about 340° with decom- 
position, but the exact point could not be observed, owing to the 
darkening of the tube. It does not contain a methoxy-group, does 
not appear to form crystalline acid compounds with mineral acids, 
and dissolves in alkalis with a yellow colour. On acetylation, it 
gives a colourless, very sparingly soluble acetyl derivative, melting 
at 238—239°, and it dyes mordanted calico. The analysis of this 
compound, which appears to be an hitherto unknown colouring 
matter, and for which the name hibiscetin is proposed, was carried 
out, but the result is reserved, in the hope that it may be possible 
later to obtain a large quantity of the flowers in a state of good 
preservation, so that sufficient of this compound can be prepared 
for a more thorough examination. 

A search for hibiscetin in the sepals of the better known 
Hibiscus rosa sinensis, for a supply of which I am much indebted 
to Mr. Lawrence Balls, of the Khedivial Agricultural Society at 
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Cairo, was carried out with a negative result. This material 
contained only the merest trace of yellow colouring matter, which 
it was not possible to characterise, and in the flowers’ calyces this 
was, moreover, also practically absent. 


Thespasia lampas. 


The Thespasia lampas is a small bush common to the tropical 
jungles of India, Burma, and Ceylon. In Watt’s Dictionary of the 
Economic Products of India, there is no mention of the use of this 
plant as a dyestuff, but, on the other hand, the capsules and 
flowers of the allied Thespasia populnea are stated to give a yellow 
dye, and this point has been corroborated by the late Sir Thomas 
Wardle (Report on the Dyes and Tans of India). For the material 
employed I am indebted to the authorities of the Imperial Institute: 
this consisted entirely of the yellow sepals of the plant, which 
in general appearance closely resembled those of the Gossypium 
herbaceum. The quantity available for examination was small, and 
had suffered partial decoloration. 

The method employed for the isolation of the yellow colouring 
matter, which is present in these flowers in the form of glucoside, 
was identical with that found serviceable in the case of the 
Hibiscus sabdariffa. Two hundred and fifty grams of the material 
gave 1°5 grams of the crude dyestuff, and this was purified by 
crystallisation from dilute alcohol, followed by conversion into its 
acetyl compound. The latter consisted of long, colourless needles, 
melting at 191—194°: 

Found, C=58°66; H=4'12. 

C,,;H;0,(C,H;0), requires C=58'59; H=3°90 per cent. 

This compound possessed all the properties of acetylquercetin, 
and the reactions of the free colouring matter, obtained as glisten- 
ing, yellow needles, also indicated without doubt that it consisted 
of quercetin. 

Curiously enough, the aqueous filtrate obtained during the 
isolation of the quercetin was found to contain protocatechuic acid, 
which, as shown above, was also obtained from the WHibiscus 
sabdariffa. It was identified by means of its melting point, 
194—-196°, and its characteristic reaction with ferric chloride. 
Dyeing experiments with these flowers, employing mordanted 
woollen cloth, gave fairly good shades, which do not, however, call 
for special comment. They were in no way superior to the better 
known Indian natural yellow dyestufis, although locally they 
might perhaps find useful employment. On the other hand, the 
shades produced by the flowers of the Hibiscus sabdariffa were of a 
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much poorer character, but this may possibly be accounted for by 

the fact already alluded to, that the sample was of inferior quality, 

and in no way equal to the freshly gathered material. 
CLOTHWORKERS RESEARCH LABORATORY, 


THE UNIVERSITY, 
LEEDs. 


CCVI.—Dynamics of the Reaction between Iodine and 
Acetone. 


By Harry MeprortuH Dawson and May Sysit Les.ig, M.Sc. 


In the course of some measurements of the molecular solution 
volume of iodine in various solvents, it was found that widely 
divergent and abnormally low values were obtained in acetone 
solution. For a freshly prepared solution the molecular solution 
volume was much larger than that for a solution of the same 
concentration which had been prepared for some hours. This 
observation relative to the change in the volume of the dissolved 
iodine was evidently connected with certain variations found in 
the conductivity of acetone solutions of iodine. These variations, 
originally observed during some experiments on the formation of 
polyiodides of the alkali metals and substituted ammonium bases 
in acetone, were not only obtained in the case of a pure iodine 
solution, but also in that of solutions containing iodide and iodine. 
In all cases the conductivity increased very considerably, and at 
the ordinary temperature the change was soon completed. The 
actual observations for a 0°1 molar solution of iodine may be 
quoted. The specific conductivity at 18° of a solution made up 
as quickly as possible was 4°5 x 10-* mho; at the end of half an 
hour the conductivity had increased to 57°0x 10-4, and remained 
constant at this value. At 0° the velocity of the change, which 
could be readily followed by the position of the minimum on the 
bridge wire of the conductivity circuit, was much smaller, and 
about four hours were required before the equilibrium condition 
was attained. The change in conductivity and in the volume of 
the dissolved iodine was evidently due to the substituting action 
of the iodine on the acetone, for the final solution was found to be 
strongly acid, and the iodine titre had undergone considerable 
diminution. For a solution of given concentration a definite end- 
point appeared to be reached, indicating that the reaction involved 
is reversible. 
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With the object of elucidating its nature, the reaction between 
jodine and acetone has been investigated dynamically under vary- 
ing conditions. To reduce the velocity the reacting substances were 
dissolved in various solvents, of which water was the one chiefly 
used. In the case of aqueous solutions, the dependence of the 
velocity on the acetone and iodine concentrations and on the 
acidity was determined. For convenience, the data obtained for 
aqueous solutions will be considered first. 

In all the experiments to be referred to, the conditions were 
such that the acetone was in large excess relatively to the iodine, 
so that the concentration of the acetone was practically constant 
throughout the course of the reaction. If hydrogen ions are 
present in moderate concentration, the reaction proceeds with 
conveniently measurable velocity at the ordinary temperature. In 
the absence of added acid, the initial velocity of the reaction is 
very small, but since hydrogen iodide is formed as the reaction 
proceeds, the velocity of the change gradually increases. When 
the conditions are so chosen that the original concentration of 
the hydrogen ions is not appreciably altered in consequence of the 
gradual formation of hydrogen iodide, the experiments show that 
the iodine disappears at a rate which remains constant from the 
commencement until near the end of the change. The velocity 
constant appears to be proportional to the concentration of the 
acetone in the aqueous solution, and also to the concentration of 
the acid. 

The experiments from which these conclusions are drawn were 
made at a temperature of 20°, which was maintained constant to 
about 0°05°. Since iodine is only slightly soluble in dilute aqueous 
solutions of acetone, it was found necessary to add potassium iodide 
in small quantity in order to obtain iodine solutions of sufficiently 
large concentration. A known volume of freshly prepared solution, 
contained in a stoppered flask in the thermostat, was acidified by 
the addition of a definite volume of standard acid, and from time 
to time measured portions of the solution were run into excess of 
a dilute solution of sodium hydrogen carbonate, and the iodine 
determined by means of sodium thiosulphate. If the acid solution 
is not neutralised in this way before titration, the iodine cannot 
be estimated, for the interaction of the added sodium thiosulphate 
with the iodine results in the formation of increasing quantities 
of iodide, and therefore of hydriodic acid, and this leads to a 
reversion of the original reaction and the liberation of iodine. 
In these circumstances, the blue colour of the solution returns 
slowly after it has been discharged, and a definite end-point is 
not reached until an amount of thiosulphate, approximately 
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equivalent to the iodine originally present in the solution, has been 
added. 

In table A, the data are recorded which were obtained in 
experiments in which the acetone concentration was varied 
between wide limits, and, further, those which show the influence 
of the acid concentration on the velocity of the reaction. As 
previously indicated, the iodine disappears at a constant rate in 
accordance with the equation: 

da 

oe 
where z is the concentration of iodine after time ¢. Ifa represents 
the original concentration of the iodine, we obtain for the integral 
equation : 

w=xa-kt . . . « « © « (2), 
Under ¢ are given the time intervals from the commencement of 
the reaction in minutes, whilst z, and 2, represent respectively 
the experimental iodine concentrations (mols. per litre) and those 
calculated from equation (2) by the aid of constants which are 
indicated at the foot of each series of data. In all the solutions 
examined, the concentration of the potassium iodide was 0°02 mol. 


per litre: 
TaBLe A. 


Acetone 15°5 grams per litre; 0°1N-H,S0O,. 
t, 2.104, 2.104. 


Acetone 5 grams per litre ; 0°1N-H,SO,. 
t. x,.104, Xo. 10+, 

90 74°4 75°0 30 70°7 71°4 

180 67°15 67°9 92 56°7 57°2 

285 59°7 59°8 191 34°7 34°7 

360 54°3 53°9 236 24°4 > 24°4 


BPO or sigh eee 261 18-9 18°7 
y= 070082 — 0-0000078¢. 309 "7 7°8 


X_ = 0°00782 —.0 00002287. 


EXPERIMENT 3. EXPERIMENT 4, 
Acetone 60 grams per litre; 0°1N-H,SO,. | Acetone120 grams per litre ;0°1N-H,SO,, 
t. X,.104. Io. 104, | t. 2.104. Xo. 104. 
23 60°6 61°8 13°5 56°5 58°5 
48 40°1 39°8 25°0 38°5 38°5 
77 14°2 14°2 | 44°5 5°8 4°6 
_= 0°0082 — 0°0000882. Xy = 00082 — 0°000174¢. 


EXPERIMENT 1. | EXPERIMENT 2, 


EXPERIMENT 5. EXPERIMENT 6, 
Acetone 5 grams per litre; 1°0N-H,SO,. | Acetone15‘5grams per litre;0°5N-H,SO,. 
t. 2.104, Io. 104, t. x,.104, Hy. 104, 
29 57°5 58°2 10°5 66°0 66°0 
50 41°0 41°0 26°5 47°0 47°5 
81 19°9 15°6 36°5 36°0 35°9 
2 =0°0082 — 0:000082%. 56°5 13° 12°7 
Xy = 0°00782 — 0°0001 16+. 
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From the agreement between the values of z, and %, it is clear 
that the iodine disappears at a constant rate. This is certainly 
true for the major part of the reaction, although experiments in 
which the reaction was followed to near the end indicate that 
the velocity diminishes considerably when the transformation is 
nearly complete. For a given acetone solution this effect appears 
to increase with the concentration of the acid present; it is probably 
connected with the reversibility of the reaction, an increase in 
the acid concentration resulting in the liberation of a larger 
proportion of hydriodic acid from the iodide present. 

A comparison of the values of the velocity constant & in experi- 
ments 1 to 4 shows that these are almost exactly proportional to 
the concentration of the acetone. If the constant for the solution 
containing 15°5 grams of acetone per litre is taken as basis, the 
constants calculated on the assumption of proportionality are, for 
the solutions containing 5, 60, and 120 grams per litre, respectively 
0°00000735, 0°000088, and 0°000176, whereas the corresponding 
experimental values are 0°0000078, 0°000088, and 0°000174. 

In a similar way, a comparison of the values of & for experi- 
ments 1 and 5 and for experiments 2 and 6, shows that the 
velocity of the reaction is almost exactly proportional to the con- 
centration of the sulphuric acid. If the activity of the acid is 
due to the hydrogen ions, it follows from this that the catalytic 
effect of the ions increases more rapidly than corresponds with 
the increase in their concentration. A similar relationship has 
been found in other reactions, in which acids act as catalysts. 

In table B, the data obtained in experiments with hydrochloric 
and acetic acids are recorded; these experiments are comparable 
with experiment 6 of table A, in which a solution containing an 
equivalent amount of sulphuric acid was examined. 


TABLE B. 


Acetone 15°5 grams per litre ; Acetone 15°5 grams per litre ; 
0°5N-HCIl. 0°5.N-CH,°CO,H. 
t. x,.104, Xq. 104. 
120 76°5 76°45 
1100 62°6 62°0 
1530 55°7 55°7 
2640 39°2 89°4 


X_=0°00782 — 0°000131¢. Xy = 0°00782 — 0:00000147¢. 


From these data, it follows that the velocity constants for com- 
parable solutions containing hydrochloric, sulphuric, and acetic 
acids respectively in 0°5N-concentration are in the ratio 1°31, 1°16, 
0°0147. These numbers are approximately in the ratio of the 
degrees of ionisation of the acids, and indicate that the observed 
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catalytic influence is primarily due to the hydrogen ions. If we 
assume that the catalytic effect in dilute acid solutions is propor- 
tional to the concentration of the hydrogen ions, then from the 
value of the constant for 0°5N-hydrochloric acid, which may be 
regarded as ionised to the extent of 82 per cent., we obtain for 
the rate of disappearance of iodine in an acidified aqueous solution 
of acetone at 20°: 

-¢ = k = 0:0012 ac,c, mols. litre/minute, 
c, being the concentration of the acid in equivalents per litre, 
a its degree of ionisation, and c, the concentration of the acetone 
in mols. per litre. 


Action of Iodine on Acetone in Neutral Solution. 


In the absence of acid, the rate at which iodine reacts with 
acetone is very small. Since, however, hydrogen iodide appears 
as one of the products of the reaction, it follows that the reaction 
velocity should increase as the reaction proceeds, in consequence 
of the gradually increasing concentration of the hydrogen ions. 
That this is the case is shown by the following experiment. 

The quantity of potassium iodide required to give a 0°005 molar 
solution was weighed out into a 500 c.c. flask, and in this was 
placed a small quantity of water and excess of iodine. After 
shaking until no more iodine dissolved, the solution was diluted, 
and, after the addition of 25 c.c. of acetone, made up to 500 c.c. 
The clear solution was then syphoned off from the undissolved 
iodine, and placed in a thermostat at 20°. After measured time 
intervals, the iodine concentration was determined by removing 
50 c.c. of the solution to a flask containing about 50 c.c. of water, 
5 c.c. of a 0°2N-sodium hydrogen carbonate solution, and about 
0°5 gram of potassium iodide. Without the addition of potassium 
iodide, a satisfactory end-point could not be obtained on titrating 
with 0°01¥-thiosulphate solution. This phenomenon, which nulli- 
fied the first attempts to determine the progress of the reaction 
in the absence of foreign acid, has not as yet received an explana- 
tion. Table C contains the data for the above experiment. From 
the values of the mean velocity during the successive time intervals, 
it is evident that the velocity increases as the amount of iodine 
in the solution diminishes. This auto-catalytic effect will, of 
course, be also exhibited in solutions to which a foreign acid has 
been added, provided that the ratio of the concentration of the 
acid to that of the iodine at the commencement is not too large: 
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TABLE C. 
Concentration of iodine, Mean velocity, 
Time. mols. per litre. mols. per litre per hour. 
0 0:002088 8-2 x 10-8 


24 hours 0°001892 = 
18°6 x 10-6 
46 0°001482 46°6 x 10-8 


99 


6S ss 0°000596 


Influence of Temperature on the Rate of Change. 


With the object of ascertaining the influence of temperature on 
the rate of the reaction, comparative measurements were made 
at 20° and 30°. For this purpose, a solution was used containing 
8°83 grams of acetone and 0°2 gram-equivalent of sulphuric acid 
per litre. In order to obtain the iodine in a sufficiently large 
concentration, potassium iodide was added to give a 0°02 molar 
solution. The results of these measurements are recorded in exactly 
the same way as in table A: 


TABLE D. 


Temperature = 30°. 
2,104, a 104, 
61°75 61°4 
37°0 37°2 
20°0 20°1 
3) 56 4°1 
X_=0°00801 — 0°000078¢. 


Temperature = 20°. 
t. %,.104, %q.104. 
29 73°5 72°4 
70 60°75 61°55 
92 55°55 55°7 
112 51°25 50°4 
> 138 44°0 43°55 


H 
ag = 0°00801 — 0°0000265¢. | 


| 
| 
| 
| 


OTION oa 
Nop * 


e 


It is evident from this table that the reaction proceeds with 
constant velocity at 30° in the same way as at 20°, and that for 
a rise of 10° the velocity increases in the ratio 78/26°5=2°95. The 
reaction has therefore a temperature-coefficient which may be 
considered to be normal. 


Action of Iodine on Acetone in Non-aqueous Solvents. 


When liquids other than water are used to dilute the acetone, 
with the object of reducing its active mass, and thereby diminish- 
ing the velocity of the change, the phenomena which are met with 
differ very greatly from those observed in the case of aqueous 
solutions of acetone. As the result of preliminary experiments 
with solutions of acetone in carbon tetrachloride, methyl alcohol, 
methyl acetate, benzene, and nitrobenzene, it was found that in 
these cases the action of the iodine on the acetone is much less 
complete as compared with the action in a corresponding aqueous 
solution. 

Equal quantities of iodine (0°50 gram) were weighed out into 
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a series of stoppered bottles, each containing 50 c.c. of one of the 
above solvents. After shaking to bring the iodine into solution, 
5 ¢.c. of acetone were added to each bottle. The solutions were 
titrated at the end of twenty-four hours, in which time, as sub- 
sequent titrations showed, the reaction had reached a limit. The 
extent to which the reaction proceeds in the different solvents is 
shown by the percentage amounts of unchanged iodine, which 
were as follows: Carbon tetrachloride 72, benzene 72, methyl 
acetate 62, nitrobenzene 57, and methyl alcohol 47 per cent. The 
incompleteness of the reaction in these cases is in marked contrast 
to the behaviour of a corresponding aqueous solution. On making 
an exactly similar experiment with an aqueous acetone solution, 
which was made slightly acid so that the end-point would be 
reached more quickly, it was found that the percentage of un- 
changed iodine was only 0°35 per cent. From these results it is 
evident that in aqueous solution the reaction between iodine and 
acetone takes place much more completely than it does when other 
liquids are used as solvent media. 

Another point of difference is presented by the much greater 
velocity with which the reaction appears to take place in the non- 
aqueous solvents as compared with the velocity in neutral aqueous 
solution. With the object of obtaining information relative 
to the influence of the solvent on the velocity of the change, com- 
parative measurements were made in which carbon tetrachloride, 
benzene, nitrobenzene, and methyl alcohol were employed as 
solvents. 

Solutions containing 10 per cent. by volume of acetone and about 
0°04 mol. of iodine per litre were used. In the estimation of the 
unchanged iodine, the pipetted fraction of solution was run into 
a bottle containing about 250 c.c. of water and 10 c.c. of a 
0°1¥-sodium hydrogen carbonate solution, the contents being 
shaken violently after each addition of thiosulphate solution. The 
velocity of the reaction in the different solutions is deducible from 
the data in table E, which gives the number of c.c. of a 0°01N-sodium 


TABLE E. 


Carbon tetrachloride. Benzene. Nitrobenzene. Methyl alcohol. 


C.c. of C.c. of C.c. of C.c. of 
Time. Na,S.03. Time. Na,S,0s. ime. Na,S,Os. Time. Na,S,0,. 
0°0 39°0 0°0 — 36°1 0°0 37°6 
64°5 38°6 4°5 38°9 ‘ 35°6 70 33°29 
81°5 37°8 24°0 38°2 ‘ 32°5 17°5 28°75 
94°5 36°75 44:0 37°2 38° 27°75 25°5 24°0 
107°0 35°65 57°5 35°4 : 23°2 34°5 18°7 
119°0 33°25 68°5 31°6 

128°5 28°65 


"% 


cr 
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thiosulphate solution required by 5 c.c. of the acetone-iodine solu- 
tion after the time intervals indicated in minutes. 

The differences caused by the variation of the solvent are best 
seen from the figure, in which curves are drawn through the 
points obtained by plotting iodine concentrations against the time 
intervals. From the relative positions of the curves, it is evident 
that the velocity of the reaction increases with the solvent in the 
order—carbon tetrachloride, benzene, nitrobenzene, methyl alcohol. 
In all cases, the slope of the curve towards the axis of abscisse 
increases as the reaction progresses, which seems to indicate that 
there is an autocatalytic effect similar to that found in the case 
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of aqueous solutions. On the same diagram the behaviour of an 
aqueous solution containing the same amount of iodine would be 
represented by a straight line parallel to the abscisse; in other 
words, the initial velocity of the reaction in neutral aqueous 
solution is so small that no measurable change in the iodine con- 
centration takes place by the time the reaction in the other solvents 
has come to an end. The position of the water curve on the 
diagram is not what would have been anticipated on the basis 
of the results obtained with the other four solvents. From the 
order in which these arrange themselves, it might indeed be expected 
that the velocity in water would be greater than in methyl] alcohol. 
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That it is so very much smaller is probably due to differences in 
the mechanism of the change in the different solvents. 

The factors which influence the velocity of the reaction in the 
case of non-aqueous solutions have not been ascertained, and it is 
therefore not possible to discuss the mechanism of the reaction 
under these conditions. On the other hand, the experiments on 
aqueous solutions are sufficiently complete to show that the relation- 
ships involved in this case are practically the same as those found 
by Lapworth (Trans., 1904, 85, 30) for the action of bromine on 
acetone in aqueous solution. Furthermore, Lapworth’s view that 
the reaction between halogen and acetone takes place in two stages 
appears to afford a simple explanation of the observed facts. 

Since the rate at which the iodine disappears is independent of 
its concentration, the particular reaction which determines the 
observed velocity of change is one in which iodine is not directly 
involved. This reaction, according to Lapworth, is the trans- 
formation of the ketonic form of acetone into the enolic form, and 
this is accelerated by acids. In the second stage, the iodine reacts 
with the enolic acetone, and the velocity with which this takes 
place is relatively so large that this stage in the complete reaction 
is practically without influence on the rate at which the iodine 
disappears. This theory explains the observed fact that the 
velocity is unaltered by the addition of potassium iodide, even 
when the quantity added reduces the concentration of the free 
iodine, as a consequence of polyiodide formation, to about one- 
fiftieth of the concentration in the iodide free solution. It is also 
consistent with the observed proportionality between the velocity 
of the change and the acetone concentration, for the rate of 
formation of the enolic acetone must be proportional to the con- 
centration of the ketonic form, and this is practically identical with 
the total acetone concentration. 

If the isomeric change in question is the factor which determines 
the rate at which acetone is acted on by all the halogens, then 
the observed velocities should be the same for chlorine, bromine, 
and iodine under comparable conditions. Lapworth has shown that 
this is the case for bromine and chlorine, although chlorine was 
found to act more rapidly at the commencement of the reaction 
when the concentration of the halogen was greatest. To test the 
theory further, we have compared the velocities in the case of 
iodine and bromine. For this purpose, we determined the velocity 
in a solution containing 15°5 grams of acetone, 0°1 gram-equivalent 
of sulphuric acid, 0°02 mol. of potassium bromide, and 0°008 mol. 
of bromine per litre. This solution is strictly comparable with the 
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iodine solution of experiment 2, table A, for which the constant k 
is 0°0000228, whereas that found for the bromine solution is 
0°0000260. Although perhaps a closer agreement between the two 
constants might have been expected, the extent of the deviation— 
. about 6 per cent. from the mean value—cannot be considered large 
enough to invalidate the theory. It is probable that the observed 
difference is due to secondary factors, the nature of which might 
be put in evidence by a detailed comparison of the velocities of 
the two reactions. 

Whilst the experimental data thus indicate that the mechanism 
of the reaction is the same for the different halogens, the behaviour 
of iodine is to some extent different, in that the reaction 
in certain circumstances is reversible. Although no attempt has 
been made in this paper to determine the exact nature of the 
equilibrium relationships, certain observations connected with the 
reversibility of the change may be recorded. 

On passing hydrogen iodide into an acidified aqueous solution, 
from which the iodine originally present had almost completely 
disappeared, iodine was at once set free in considerable quantity. 
The same result was obtained when iodoacetone, prepared by 
the action of potassium iodide on chloroacetone (Scholl and 
Matthaiopoulos, Ber., 1896, 29, 1550), was dissolved in acetone and 
subjected to the action of hydrogen iodide. 

Although these observations demonstrate the reversibility of the 
change, it should be noted that the reaction proceeds practically 
to completion under the conditions of the dynamic experiments in 
tables A to D. If, however, the quantity of iodine which is added 
to a given aqueous solution of acetone is increased, a gradually 
increasing proportion remains unchanged at the end of the reaction. 
In some qualitative experiments, it was found, for instance, that 
when a gram-molecule of acetone dissolved in a litre of water 
is brought in contact with 0°01 or 0°02 gram-molecule of iodine, 
the resulting solution is nearly colourless, whereas with 0°04 gram- 
molecule of iodine an appreciable proportion of the latter 
remains unacted on when the end-point is reached. These facts 
serve to emphasise the difference between aqueous and non- 
aqueous solutions in regard to the extent to which the reaction 
proceeds. In pure acetone the equilibrium relationships are similar 
to those in non-aqueous solutions, as may be seen from the fact 
that in a 0°02 molar solution the reaction comes to an end when 
about 45 per cent. of the iodine has been transformed. Taken in 
conjunction with the observation that the velocity of the reaction 
in neutral aqueous solution appears to be very much smaller than 
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the velocity in non-aqueous solutions, the differences in behaviour 
suggest that the mechanism of the change in the two cases is 
different. It is hoped that further experiments may decide whether 
this is the case or not. 


THE UNIVERSITY, 
LEEDS. 


CCVII.—The Reduction of 4-Hydroxy-o-toluic Acid. 


By Oscar Baupiscu, GILBERT STANLEY HiBBert, and 
Wittiam Henry PERKIN, jun. 


THE experiments on the synthesis of the terpenes which have been 
carried out in these laboratories during the last few years are based 
on the preparation, in the first instance, of an unsaturated acid, the 
ester of which, when treated with magnesium methyl iodide, yields 
the corresponding terpineol, from which, by the action of dehydrating 
agents, the terpene is obtained in the usual manner. Thus, for 
example, terpineol and dipentene were synthesised according to the 


scheme: 


CHMe<Cy CH OH: CO,H —> CHMe<orr. OF 2>CH-CMe,-OH 


1-Methy!- Al. i Terpineol. 
4-carboxylic acid. 


2> CH: -CMe:CH, 


Se 

Several other unsaturated acids have already been synthesised and 
converted successfully into the corresponding terpineols and terpenes 
by a similar series of reactions. In continuing these researches, the 
object which has more particularly been kept in view has been the 
synthesis of unknown members of the ortho- and meta-series of the 
terpene group, but the great difficulty throughout has been the 
problem of discovering methods for the preparation of the requisite 
unsaturated acids, especially in quantities sufficient for subsequent 
investigation. The three communications now submitted contain an 
account of the first portion of an investigation undertaken with the 
object of preparing a new series of methyleyclohexenecarboxylic acids 
(tetrahydrotoluic acids) for the purpose of subsequent use in the 
synthesis of terpenes and their derivatives. The processes employed 
in all the cases are similar, and may therefore be well illustrated by a 
single example. 

In the present communication, the starting point is 4-hydroxy-o- 
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toluic acid (I), which is reduced by sodium and alcohol to 1-methyleyclo- 
hexan-4-ol-2-carboxylic acid (II). The next step is to convert this 
into the corresponding bromo-acid (III), and from this, by elimination 
of hydrogen bromide, to obtain two 1-methylcyclohexenecarboxylic acids 
(IV and V): 


CHMe<6G0, nH): H): cL” OH —> CHMe<oirico, H): Hyon? > CH: OH 
(I.) (II.) 


A CHMe< oi (00,1) H): OH, 1 >CH 
tv.) 
CHMe<ChtCo He 100,11 OH E2>CHBr “ ’ 


(III.) \ 
N cHMe<CH 


cnico, 0,H): a) -cHaCE 
(Vv. 


from each of which, by the action of magnesium soadia iodide and 
then of dehydrating agents, the corresponding ortho-terpineols and 
ortho-terpenes should result in the usual manner. 

This method of synthesis has, however, its limitations, because not 
all hydroxytoluic acids can be reduced to the corresponding hexahydro- 
acids by sodium and alcohol. In a previous communication (Trans., 
1907, 91, 482), it is shown that m-hydroxybenzoic acid readily yields 
the corresponding hexahydro-derivative when it is reduced by sodium 
and alcohol (compare Einhorn, Annalen, 1896, 291, 298), but 
repeated experiments which we have made under a variety of conditions 
have convinced us that p-hydroxybenzoic acid is not appreciably 
changed when it is boiled either in ethyl- or amyl-alcoholic solution 
with sodium, and we have found that 6-hydroxy-m-toluic acid, 


is also not reduced under these conditions (compare p. 1893). 

It seems therefore probable that other hydroxy-acids which contain 
the hydroxyl group in the para-position with respect to the carboxyl 
group will, in general, be found to exhibit similar resistance to this 
reducing agent. Some years ago, Einhorn and Lumsden (Annalen, 
1894, 280, 260) showed that, when salicylic acid is reduced by 
sodium and alcohol, fission of the ring takes place with formation of 
n-pimelic acid, a change which is probably represented thus : 

CHC HOH COOH > CH,<oi oy > CHCO,H —> 
CH,°CO,H- 
H, alll H,~ _7CH,CO,H, 


and a similar behaviour is exhibited by other o-hydroxy-acids of the 


CH, 


1872 BAUDISCH, HIBBERT, AND PERKIN: 


aromatic series. There is thus reason to believe that the only 
aromatic hydroxy-acids which can be reduced to the corresponding 
hexahydro-derivatives by sodium and alcohol are those in which the 
hydroxy-group and carboxy-group occupy the . meta-position with 
respect to one another. 

If this be true, it is easily seen that in the toluic acid series only 
four acids are available for reduction, namely : 

I. From o-toluic acid, the two acids, 


HO Me 


‘Sco,H and 
< _00,H and ¢ —>CO,H. 
HO 


II, From m-toluic acid, the acid of the formula 


III. From p-toluic acid, the acid 
HO 
ZN 
ma pr 
and the reduction of this acid by alcohol and sodium has already 
been the subject of a careful investigation (Meldrum and Perkin, 
Trans., 1908, 93, 1417). 

The experiments described in this and the two following communi- 
cations show that, as was to be expected, all the above m-hydroxy- 
acids may be reduced with comparative ease by sodium and alcohol, 
and a detailed description is given of the various hydroxy-acids 
which are obtained in this way. Experiments on the conversion of 
these hydroxy-acids into the corresponding unsaturated acids and into 
the terpineols and terpenes have been commenced, and will form the 
subject of future communications. 

The present communication deals with the reduction of 4-hydroxy- 
o-toluic acid, 


This acid seems to have been first prepared by Jacobsen (Ber., 1881, 
14, 41), who obtained it from 4-sulphamino-o-toluic acid by fusion 
with potassium hydroxide, and subsequently (Ber., 1884, 17, 163) by 
treating 4-amino-o-toluic acid with nitrous acid, and he states that it 
melts at 172°. More recently a number of patents have been taken out 
which show that this acid may be obtained from certain derivatives of 
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naphthalene by a remarkable decomposition due to the action of fused 
alkali. Kalle & Co. (D.R.-P. 91201, Friedlander, Fortschritte der 
Teerfarbenfabrikation, IV, 148) show that it is formed from naphthalene- 
1:3: 7-trisulphonic acid, 1-naphthylamine-3 : 7-disulphonic acid, and 
8-amino-2-naphthol-6-sulphonic acid by fusion with potassium 
hydroxide at 260°. The Farbwerke vorm. Meister, Lucius & Brining 
(D.R.-P. 81281 and 81333, Friedlinder, ibid., IV, 149—150) 
obtained the same acid from 2-naphthylamine 6: 8-disulphoniec acid 
or 2-naphthol-6 ;: 8-disulphonic acid (G-acid) by fusion with sodium 
hydroxide at 260—320°. All these naphthalene derivatives contain 
the substituent groups in the positions marked by asterisks in the 
formula, 


> 

oe; 

* 2 

Wwe 
and the remarkable process of reduction and oxidation caused by the 
fusion with alkali hydroxide at the high temperature employed may 
be illustrated in the case of G-acid : 

SO,H 
(Yon co,H/ \oH 


i | | pas i ° 
OB A OB / 


The yield obtained from G-acid is remarkably good, and most of the 
4-hydroxy-o-toluic acid required for this investigation was prepared 
from G-acid by fusion with sodium hydroxide under the conditions 
described on p. 1875. When quite pure it melts at 183°, and not at 
172° as stated by Jacobsen (Joc. cit.). 

4-Hydroxy-o-toluic acid is reduced by sodium and alcohol with 
some difficulty, and is converted into a mixture of hydroxy-acids, 
from which all the four possible isomerides (two cis- and two trans-) 
have been isolated in a pure condition. 

The two cis-1-methylcyclohexan-4-ol-2-carboxylic acids, 


melt at 191° and 126—128° respectively, and, as it has not been 
found possible to determine with which of the above formule each of 
these acids corresponds, they have been named cis-(A) (m. p. 191°) and 
cis-(B) (m. p. 126—128°). The cis-(A) acid decomposes at its melting 
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point into steam and an oil, but, unfortunately, owing to the small 
amount of material available, we have not been able to determine the 
nature of the lactone or unsaturated acid which is produced as the 
result of this decomposition. The cis-(B) acid decomposes at about 160° 
into steam and a lactone, which distils at 130—135°/20 mm., and is 
converted into the cis-(B) acid on dissolution in alkali hydroxide. 

Both the cis-(A) and the cis-(B) acids. yield the corresponding bromo- 
acids when treated with fuming hydrobromic acid, but whereas 
cis-(A)-bromo-1-methylcyclohexane-2-carboxylic acid is crystalline and 
melts at 103—105°, the corresponding cis-(B)-bromo-acid is a syrup. 

The two trans-1-methylcyclohewan-4-ol-2-carboxylic acids, 


H Me 


melt at 163—165° and 122—123° respectively, and differ from the 
cis-acids in the fact that they do not decompose with elimination of 
steam until about 220°. In this case, also, we have no evidence to show 
with which of the above formule each of these trans-acids corresponds, 
and we have therefore named the acid of melting point 163—165° 
trans-(A), and the acid of melting point 122—123°, trans-(B). 

These two acids are converted into the corresponding bromo-acids 
when they are heated with hydrobromic acid, and the esters of these 
acids, as also the esters of the cis-bromo-acids, yield, on heating 
with diethylaniline, unsaturated esters, which are at present under 
investigation. 


During the reduction of 4-hydroxy-o-toluic acid with sodium and 
alcohol, there is always formed, sometimes in considerable quantities, 
an unsaturated acid, C,H,.0,, which readily yields a beautifully 
crystalline lactone (m. p. 44°) at the ordinary temperature, and this 
passes over when the product of reduction is distilled in a current of 
steam. 

There can be little doubt that this unsaturated acid is an inter- 
mediate step in the reduction of 4-hydroxy-o-toluic acid, and is 
converted, by the further action of the sodium and alcohol, into the 
1-methylcyclohexan-4-ol-2-carboxylic acids. 

The behaviour of the acid towards permanganate shows that it is 
unsaturated, and this is confirmed by the fact that the lactone reacts 
with fuming hydrobromic acid with formation of a dibromo-acid, 
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C,H,,0,Br,, a crystalline substance (m. p. 158—160°), which is decom- 
posed by cold sodium carbonate with elimination of carbon dioxide 
and separation of a heavy neutral oil containing bromine. 

The ease with which the hydroxy-acid, C,H,,0,, is converted into 
the lactone seems to indicate clearly that it is a y-hydroxy-acid 
possessing one of the formule : 

-CH—-—CMe CH——CHMe 
CHy< GH OH): OH, > CH-CO,H or CH< GH (OH): CH,>CH:CO,H, 
1-Methy1-A°-cyclohexen-4-ol- 1-Methyl-A°-cyclohexen-4-ol- 
2-carboxylic Acid. 2-carboxylic Acid. 
and, of these, the former is to be preferred. 
+ The fact that the dibromo-derivative, C,H,,0,Br,, readily loses 
carbon dioxide and yields a neutral brominated oil when it is treated 
with sodium carbonate at the ordinary temperature, recalls the similar 
behaviour observed in the case of the B-halogen derivatives of phenyl- 
propionic acid, C,H,-CHX:-CH,°CO,H, which are decomposed by cold 
sodium carbonate with elimination of carbon dioxide and formation of 
styrene. It is therefore probable: that one of the bromine atoms 
in the bromo-derivative, C,H,,0,Br,, occupies the B-position in rela- 
tion to the carboxyl group, and, as the second bromine atom, owing to 
the acid, C,H,,0,, being derived from 4-hydroxy-o-toluic acid, must 
occupy the 4-position, the constitution of the dibromo-derivative is, in 
all probability, 


CH,°CBrMe 
CHy< on pr—CH,7 OH OOH. 
We assume, therefore, that the hydroxy-acid, C,H,,0,, and its 
lactone have the constitutions represented by the formule : 


CH —— OMes, oH. CH:CMey, 7, 
CH<CH(0H):CH,- CH CO,H and CH,<on-cH,-7 C8 CO 
| 


respectively. 


Preparation and Reduction of 4-Hydroxy-o-toluic Acid. 


In preparing this acid, sodium 2-naphthol-6 : 8-disulphonate,* in 
quantities of 1°5 kilos., was fused with sodium hydroxide (3 kilos.) 
and water (3 kilos.) in an autoclave of 6 litres capacity at 260—280° 
for twelve hours. The product was diluted with half its volume of 
water, acidified with hydrochloric acid, and the crude 4-hydroxy-o- 
toluic acid collected and washed with a little water. The mass was 
then dissolved in a slight excess of hot sodium carbonate, filtered, and 
again acidified, when the acid separated in almost colourless crystals, 


* We wish to express our thanks to Messrs. Cassella & Co. for kindly supplying 
us with a large quantity of this salt. 
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and, after once crystallising from water, it was quite pure and melted 
at 183°. The yield obtained was about 380 grams. 

The reduction was carried out under the following conditions: The 
pure acid (100 grams) was dissolved in pure ethyl alcohol * (2 litres) 
in a 10-litre flask connected with a very long and very efficient reflux 
condenser, to the end of which a condenser sloping downwards was 
attached. The sodium (300 grams), in pieces as large as could con- 
veniently be put into the flask, was introduced all at once, when the 
alcohol soon began to boil and was carried over in quantities by the 
vigorous evolution of hydrogen. Most of it condensed and ran back 
into the flask, and the remainder was condensed by the downward 
condenser and collected in a large flask kept cool by running water. 
When the action had moderated, the distilled alcohol was poured 
back, and, as soon as the sodium showed signs of solidifying, the flask 
was shaken vigorously and the action allowed to proceed, if necessary 
with the addition of small quantities of hot alcohol, until the sodium 
had almost disappeared. 

A mixture of alcohol and water was then cautiously added, and then 
enough water to dissolve the sodium salt; the solution was then 
allowed to cool, nearly neutralised by the addition of hydrochloric 
acid, and the alcohol distilled off from a salt-solution bath. The 
residue was acidified with excess of hydrochloric acid, when a syrup 
separated, which was extracted three times with ether, the ethereal 
solution washed with a little water, very thoroughly dried, the ether 
distilled off, and the residue again reduced under the same conditions 
as before. The acid from the second reduction was now distilled in 
steam, in order to remove as much as possible of an unsaturated 
lactone (A, p. 1881). The residue was again extracted, and the crude 
mixture of hydroxy-acids esterified by digesting, in quantities of 
100 grams, with absolute alcohol (306 c.c.) and sulphuric acid (20 c.c.) 
on a reflux apparatus for six hours. The product was diluted with 
water, extracted with ether, the ethereal solution well washed with 
water and dilute sodium carbonate, evaporated, and the residue 
fractionated under 15 mm. pressure, when a large quantity of a viscid 
oil (60—70 grams) passed over below 180°, leaving a dark residue in 
the flask, which was not further examined. After two further 
fractionations, the bulk of the oil (55 grams) distilled at 150—160°/ 
15 mm., and this was mixed with a moderately concentrated solution 
of potassium hydroxide (35 grams) in methyl alcohol and left at the 


* Experience has shown that it is a matter of great importance, in reductions of 
this kind, that the alcohol shall be as anhydrous as possible, as even the presence of 
half a per cent. of water retards reduction in a quite unexpected manner and some- 
times entirely prevents it. The ‘‘absolute” alcohol employed in these experiments 
was distilled over calcium before use. 
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ordinary temperature overnight. The product was diluted with 
water, unhydrolysed ester (A, 8 grams) extracted with ether, the 
aqueous solution saturated with carbon dioxide, evaporated until free 
from methyl alcohol, acidified, and extracted four times with pure 
ether (2B) and then a further eight times on the machine (C). 

The extract, B, was evaporated and the viscid oil placed over 
sulphuric acid for some weeks; the semi-solid mass was then left 
in contact with porous porcelain until the oily impurity had been 
completely removed. When the colourless mass was systematically 
crystallised from water, it was separated with some considerable 
difficulty into two acids, namely, trans(A)- and cis(A)-1-methyleyelo- 
hexan-4-ol-2-carboxylic acids, melting at 163—165° and 190—191° 
respectively. 

The ethereal extract (C’) yielded, on evaporation, a syrup (5 grams), 
which rapidly crystallised, and, after contact with porous porcelain, 
the colourless mass separated from water in bunches of colourless 
prisms, melting at 190—191°, and consisting of pure cis(A)-1-methyl- 
cyclohexan-4-ol-2-carboxylic acid. The ester (A), which had escaped 
hydrolysis in the cold, was hydrolysed by digesting with excess of 
methyl-alcoholic potassium hydroxide on the water-bath, and yielded 
a viscid syrup, which gradually crystallised. After remaining in 
contact with porous porcelain, the residue was several times recrystal- 
lised from ether, when a small quantity of an acid was obtained, 
which melted at 190—191° and proved to be cis(A)-acid. 

The mother liquors were evaporated, and the semi-solid mass again 
transferred to porous porcelain until quite dry and free from oil. 

When the residue was systematically crystallised from ether, it 
yielded, besides a little cis(A)-acid, a relatively large quantity of an 
acid, which separated from ether in thin crusts, like paper, and from 
water in hard, chalky crusts. This acid melts at 122—123°, and has 
been named trans(B)-1-methyleyclohexan-4-ol-2-carboxylic acid. This 
partial hydrolysis experiment, which has been several times repeated, 
indicates that of the three acids mentioned, the ester of the trans(A)- 
acid is the most readily hydrolysed in the cold, and that of the esters 
of the cis(A)- and trans(B)-acids, the latter is hydrolysed with more 
difficulty than the former. 

trans(A)-1-Methylcyclohexan-4-ol-2-carboxylic acid melts at 163—165° 
without decomposition, and its decomposing point appears to be 
approximately 220—225°. It is sparingly soluble in ether, but 
apparently more readily so than the cis(A)-acid, and separates from 
this solvent in hard, glistening crusts : 

0°1386 gave 0°3080 CO, and 0°1140 H,O. C=60°8; H=9'l. 

01518 ,, 0°3388 CO, ,, 0°1232 H,O. C=60°8; H=9-0. 

C,H,,0, requires C=60°8 ; H=8°8 per cent. 

VOL. XCV. 6H 
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The basicity, determined by titration with 1/10-sodium hydroxide, 
gave the following result: 0°2062 neutralised 0°0521 NaOH, whereas 
this amount of a monobasic acid, O,H,,0,, should neutralise 
0°0522 NaOH. 

This acid dissolves in hydrobromic acid (saturated at 0°), and the 
solution remains clear for many hours, but, when heated on the water- 
bath, it clouds, and in a short time an oily layer separates on the 
surface of the hydrobromic acid. After the addition of water, the 
heavy oil was extracted with ether, the ethereal solution washed, well 
dried, and carefully evaporated, and, after remaining for two hours 
over sulphuric acid in a vacuum desiccator, the syrup yielded, on 
analysis, numbers which showed that it was nearly pure trans(A)-4- 
bromo-1-methylcyclohexane-2-carboxylic acid : 

0°1787 gave 0°1482 AgBr. Br= 35:2. 

C,H,,0,Br requires Br = 36-2 per cent. 

When the trans(A)-hydroxy-acid (4:3 grams) was oxidised by 
potassium dichromate (2°8 grams), sulphuric acid (5 grams), and 
water (50 c.c.), a considerable quantity of unchanged acid was 
recovered, but no trace of keto-acid could be isolated. 

trans(B) - 1 - Methyleyclohewan -4- ol -2-carboxylic acid melts at 
122—123°: 

0°1216 gave 0:2712 CO, and 0:0984 H,O. C=608; H=8°9. 

C,H, ,0, requires C= 60°8 ; H =8'8 per cent. 

It is rather sparingly soluble in ether, from which it separates in 
curious, characteristic, brittle crusts, like paper or egg shell. 

From water, in which it is readily soluble, it separates in hard, 
chalky crusts. When heated in a capillary tube, no decomposition is 
observed until about 195°, when gas is very slowly disengaged, and 
even at 215° the decomposition is not rapid. The melting point of 
this acid (123°) is practically the same as that of the cis-B-acid (p. 1880), 
but when equal quantities of the two acids are mixed, the mixture 
softens at 90° and is almost melted at 105°. 

cis(A-)-1-Methyleyclohexan-4-ol-2-carboxylic acid melis at 190—121° 
with decomposition, and, if rather slowly heated, it decomposes below 
this temperature : 

0°1140 gave 0°2530 CO, and 0°0930 H,O. C=605; H=9-0. 

C,H,,0, requires C = 60°8 ; H=8°8 per cent. 

On titration with V/10-sodium hydroxide, 0°2071 neutralised 0°0524 
NaOH, whereas this amount of a monobasic acid, C,H,,0,, should 
neutralise 0°0524 NaOH. This acid is very sparingly soluble in cold 
dry ether, but dissolves much more readily in the boiling solvent, and, 
if the solution ‘is concentrated, the acid separates after some time as a 
crust of small, glistening prisms. It dissolves moderately readily 


THE REDUCTION OF 4-HYDROXY-O-TOLUIC ACID. 1879 


in hot water, and crystallises, on cooling, in beautiful, glistening 
bunches of prisms. The finely powdered acid dissolves readily in 
hydrobromic acid (saturated at 0°), and, after several hours, stellate 
groups of crystals appear. These were collected, drained on porous 
porcelain, and left over solid potassium hydroxide in a vacuum 
desiccator until dry, but, owing to its being rather unstable, no 
attempt was made to recrystallise the small amount of substance at 
our disposal ; 

0:0890 gave 0°0765 AgBr. Br=36°5. 

C,H,,0,Br requires Br = 36°2 per cent. 

cis(A)-4-Bromo-1-methylcyclohexane-2-carboxylic acid melts at about 
103—105°, and dissolves readily in dilute sodium carbonate; when 
warmed with silver nitrate and nitric acid, it gives an immediate 
precipitate of silver bromide. 


cis(B)-1-Methyleyclohewan-4-ol-2-carboxylic Acid and its Lactone. 


The porous plates which had beeen used in the purification of the 
acids described in the last section were broken up, extracted with 
ether in a Soxhlet apparatus, the ethereal solution evaporated, and 
the residue distilled under 15 mm. pressure, when a considerable 
quantity of oil passed over at 135—145° and most of the remainder at 
185—195° (A). 

On refractionating the lower boiling portion, most of it distilled at 
126°/15 mm., and this was found on analysis and examination to 
consist of the lactone of cis(B)-1-methyleyclohexan-4-ol-2-carboxylic acid 
mixed with a large proportion of the lactone of 1-methyl-A®-cyclohexen- 
4-ol-2-carboxylie acid (p. 1881). 

In order to separate these two lactones, advantage was taken of 
the fact that the latter acid is slowly converted into the lactone 
at the ordinary temperature, whereas the former acid is stable under 
these conditions. The mixed lactones were dissolved in warm 
dilute potassium hydroxide, cooled well, acidified, and left for seven 
days, during which time the oily precipitate gradually became less 
viscid and ultimately comparatively mobile. The whole was several 
times extracted with ether, the ethereal solution well washed 
with sodium carbonate, dried and evaporated, and the residue 
distilled, when almost the entire quantity passed over at 128°/ 
10 mm., and soon crystallised. After draining on porous porcelain 
and crystallising from light petroleum mixed with a little benzene, 
the substance melted at 44° and gave the following analytical 
results : 

01780 gave 0°4510 CO, and 0:1200 H,O. C=69:1; H=7°'5. 

C,H,,0, requires C=69°5 ; H=7:2 per cent. 
6 H 2 
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This substance is the lactone of 1-methyl-A®%-cyclohexen-4-ol-2-carb- 
oxylic acid, and identical with the lactone the properties of which 
are described in detail on p. 1881. The sodium carbonate extract was 
acidified, and extracted at least five times with ether, when a colourless 
syrup was obtained which soon solidified. In contact with porous 
porcelain, the trace of oily impurity was soon removed, and the 
colourless residue was then crystallised from water, in which it is very 
readily soluble and from which it separates in glistening crystals: 


0°1065 gave 0°2370 CO, and 0°088 H,O. C=607; H=9°0. 
C,H,,0, requires C=60°8; H=8°8 per cent. 

0:2150 required for neutralisation 0°0546 NaOH, whereas this 
amount of a monobasic acid, C,H,,0,, should neutralise 0°0544 
NaOH. 

cis(B)-1-Methyleyclohexan-4-ol-2-carboxylic acid melts at about 

126—128° without decomposition, but at 155° decomposition sets in 
with elimination of steam and formation of the lactone, and at 160—162° 
the disengagement of gas is very rapid. In order to prepare the 
lactone, the pure acid was distilled under a pressure of 20 mm., when 
a quantity of oil passed over at 130—135°, and, on again distilling, 
almost the whole quantity passed over at 130°/20 mm. : 


0:1772 gave 0°4475 CO, and 071356 H,O. C=68°8; H=8°5. 
C,H,,0, requires C=68°6 ; H=8°6 per cent. 


This lactone is a rather mobile liquid possessing a faint odour of 
coumarin ; it is insoluble in cold dilute sodium carbonate or potassium 
hydroxide, but dissolves readily in the latter on warming, with 
formation of the salt of the hydroxy-acid. 

The oil A (p. 1879), distilling at 185—195°/15 mm., and obtained in 
considerable quantity during the preparation of the mixed lactones, 
was refractionated, and, as it distilled remarkably constantly at 
184—185°/13 mm., it was thought that it was possibly a pure 
substance. 

The analysis gave the following results: 


0°1991 gave 0:4960 CO, and 0:1419 H,O. C=67-:9; H=8-0, 


and, as this agrees approximately with the formula (C,H,,0.),, which 
requires C=686; H=8-6 per cent., it seems probable that the 
substance is a double lactone of this formula. When this oil was 
dissolved in dilute potassium hydroxide, the solution acidified, 
extracted with ether, and the ethereal solution, after thoroughly 
drying, evaporated to a small bulk, a crystalline acid gradually 
separated in quantity. This was collected and repeatedly recrystallised 
from ether, in which it is very sparingly soluble, and from which it 
separated in crusts melting at 163—165°: 
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0°1254 gave 02788 CO, and 0:1017 H,O. C=606; H=90. 
C,H,,0, requires C =60°8 ; H =8°8 per cent. 
Examination showed that this acid is trans(A)-1-methyleyclohexan- 
4-0l-3-carboxylic acid (compare p. 1877), and it appears therefore that 
this acid may be distilled under diminished pressure without under- 
going intramolecular change into one of the cis-modifications. 


The Lactone of 1-Methyl-A®-cyclohexen-4-ol-2-carboxylic Acid, 
CH:CMe 
<n, OO 
: -0 

This lactone was first obtained from the crude product vf the 
reduction of 4-hydroxy-o-toluic acid by distillation in a current of 
steam as explained on p. 1876. The steam distillate (A) was extracted 
with ether, the ethereal solution dried and evaporated, and the 
residual viscid syrup left exposed to the air, when it gradually 
solidified. 

Subsequently, a considerable quantity of the same lactone was 
obtained, mixed with the lactone of cis(B)-1-methyleyclohexan-4-ol- 
2-carboxylic acid, by the process explained on p. 1879. 

The crystals were drained on porous porcelain, and crystallised from 
a mixture of light petroleum and a little benzene, from which the 
lactone separates in magnificent, glistening prisms, often more than 
an inch in length: 

0°1775 gave 04513 CO, and 0:1189 H,O. C=69'3; H=7°5. 

0°1953 ,, 04961 CO, ,, 01291 H,O. C=69:2; H=7°5. 

C,H,,0, requires C=69°5 ; H =7:2 per cent. 

The lactone of 1-methyl-A°-cyclohexen-4-ol-2-carboxylic acid melts at 
44°, and distils at 128°/10 mm. and at 178—180°/100 mm. 

It is readily soluble in benzene, methy] and ethyl] alcohols, acetone, 
and most of the usual organic solvents, with the exception of light 
petroleum, in which it is rather sparingly soluble. 

It is insoluble in cold dilute sodium carbonate, but dissolves 
gradually on warming, and the solution gives no precipitate on 
acidifying, but, when boiled, an oil separates, which is doubtless the 
lactone. It dissolves readily in warm dilute sodium hydroxide, and a 
quantitative determination of the basicity of the acid produced gave 
the following result: 1:1264 of the lactone, dissolved in a little methyl 
alcohol, neutralised 0°356 NaOH on-boiling, whereas this amount of a 
lactone, C,H, ,0,, should neutralise 0°352 NaOH on conversion into the 
hydroxy-acid. In order, if possible, to obtain the hydroxy-acid, the 
lactone was dissolved in excess of dilute potassium hydroxide, acidified, 
and extracted with pure ether, when a very viscid syrup was obtained, 
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which, after remaining a short time over sulphuric acid, yielded 
numbers agreeing as closely as could be expected with those required 
for the hydroxy-acid : 

02002 gave 0°4545 CO, and 0°135 H,O. C=61:°9; H=7°5. 

C,H,.,0, requires C=61°5; H=7°7 per cent. 

When this hydroxy-acid is kept over sulphuric acid, or simply left 
exposed to the air, it gradually becomes less viscid, and ultimately 
comparatively mobile, and, after about a week, the oil is almost com- 
pletely insoluble in cold dilute sodium carbonate, a change which 
indicates that the hydroxy-acid has been converted into the lactone. 
The unsaturated nature of the hydroxy-acid is shown by the fact that 
its solution in dilute sodium carbonate instantly decolorises perman- 
ganate, but, in spite of several attempts, a crystalline product of this 
oxidation could not be isolated. 


1 : 4-Dibromo-1-methyleyclohexane-2-carboxylic Acid (Formula, p. 1875). 


When the lactone of 1-methyl-A°-cyclohexen-4-ol-2-carboxylic acid 
(5 grams) is just melted and mixed with fuming hydrobromic acid 
(saturated at 0°, 15 ¢.c.) it dissolves, and, if the solution is left in the 
ice-chest, crystals gradually begin to separate. 

After six days a considerable crust had formed, which was collected, 
left in contact with porous porcelain over solid potassium hydroxide 
until quite dry, and the nearly colourless residue crystallised from a 
mixture of benzene and light petroleum, from which it separated in 
colourless crusts : 

0°2715 gave 0°3335 AgBr. Br=52°3. 

02173 ,, 02691 AgBr. Br=53-0 per cent. 

This dibromo-acid softens at 148° and melts at about 158—160° with 
evolution of gas. It is readily soluble in methyl alcohol, ether, 
benzene, or chloroform, but sparingly so in cold light petroleum. 
The finely-powdered dibromo-acid dissolves in cold dilute sodium 
carbonate, but decomposition immediately sets in, with the gradual 
separation of a heavy oil which has the odour of a bromo-hydrocarbon, 
and this decomposition is much hastened by warming. Heating with 
pyridine or diethylaniline appears to produce a similar change. 


The authors wish to state that much of the heavy expense of this 
investigation was defrayed by a grant from the Government Grant 
Fund of the Royal Society. 
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CCVIII.—The Reduction of 6-Hydroxy-o-toluic Acid. 
By Oscak BaupiscH AND WiLLtIAM Henry PERKIN, jun. 


Oscar JACOBSEN describes two methods for the preparation of 6-hydr- 
oxy-o-toluic aeid (“ B-orthohomometaoxybenzoic acid’’), namely, from 
6-sulpho-o-toluic acid by fusion with potassium hydroxide (Ber., 1883, 
16, 1963) and from 6-amino-o-toluic acid (‘“ 8-amino-o-toluic acid”) by 
treatment with nitrous acid (Ber., 1884, 17, 163), and states that it 
crystallises from water in long, glistening needles of melting point 
183°. We have carefully repeated these experiments, and find that the 
acid of melting point 183° is not 6-hydroxy-o-toluic acid (I) as Jacobsen 
supposed, but 4-hydroxy-o-toluic acid (II), 
HO Me 
f YY 
7 oe Po 
(I.) 

that is to say, it is identical with the acid of this constitution described 
in the preceding paper (p. 1875). 

There can, therefore, be little doubt that the sulpho-o-toluic acid and 
the amino-o-toluic acid employed by Jacobsen in the preparation of 
this acid of melting point 183° are in both cases the 4- and not the 
6-derivatives of o-toluic acid. 

6-Hydroxy-o-toluic acid appears to have been first prepared by 
Kalle & Co. (D.R.-P. 91201; Friedlinder, Fortschritte der Teerfarben- 
fabrikation, TV, 148) from naphthalene-1 : 3 : 5-trisulphonic acid, 2- 
naphthylamine-4 ; 8-disulphonic acid, 1-naphthylamine-3 : 5-disulphonic 
acid, or 5-amino-]-naphthol-3-sulphonic acid by heating with sodium 
hydroxide at 250°. 

All these derivatives'of naphthalene contain the substituting groups 
in the positions marked by asterisks in the formula 


and the decomposition of the molecule by the fused alkali leads to the 
disruption of the right-hand ring in all cases. Thus, in the case of 
naphthalene-1 : 3 : 5-trisulphonic acid, the change may be represented 
in the following manner : 


/\oo,H 
Fn 
OH 
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Kalle & Co. state that 6-hydroxy-o-toluic acid melts at 
141°5—142°, but according to Einhorn and Pfyl (Annalen, 1900, 
311, 52) this acid melts at 145—146°, The large quantities of 
6-hydroxy-o-toluic acid which were employed in the present investiga- 
tion were prepared by heating the sodium salt of 2-naphthylamine- 
4 : 8-disulphonic acid, 

SO,H 
" + \ 
ot 
SU,H 


NH,’ 


with sodium hydroxide, and we can confirm the statement of Kalle 
& Co. that the pure acid melts at 141°5—142°. 

When 6-hydroxy-o-toluic acid is reduced by sodium and alcohol, it 
yields a mixture of hydroxyhexahydro-acids, from which we have 
isolated one t¢rans- and one cis-modification, and, although there was 
evidence of the presence of a third acid (compare p. 1886), we were 
unsuccessful in our attempts to obtain it in a pure condition. 

trans-1 -Methyleyclohexan-2-ol-6-carboxylic acid (1) melts at 170—172°, 
and, when rapidly heated under diminished pressure, distils for the 
most part unchanged at about 180°/15 mm. It is converted by 
treatment with hydrobromic acid into the corresponding syrupy 
bromo-acid. 

cis-1-Methyleyclohexan-2-ol-6-carboxylic acid (II) melts at 150°, 


CHMe 
i? 
9 
H-C-OH H-C-CO,H 
CH, 
hy 


al 
bed 
CH 
(II.) 


and, when heated, is converted into the syrupy lactone, which 
distils at 128—130°/15 mm., and both the acid and the lactone 
react with hydrobromic acid with formation of the syrupy cis-bromo- 
acid. 

The investigation of the unsaturated esters produced by the action 
of diethylaniline on the esters of the érans- and cis-bromo-1-methyl- 
cyclohexane-2-carboxylic acids will form the subject of a future 
communication. 
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The Reduction of 6-Hydroxy-o-toluic Acid. 


The 6-hydroxy-o-toluic acid required for these experiments was 
obtained by heating sodium 2-naphthylamine-4 : 8-disulphonate * 
(1 kilo.) with sodium hydroxide (4 kilos. of 50 per cent.) in an 
autoclave for ten hours at 250—260°, when decomposition took place 
slowly with the development of great pressure, due principally to the 
formation of large quantities of ammonia. The product was mixed 
with a little water, nearly neutralised with hydrochloric acid, filtered, 
and then acidified with excess of hydrochloric acid. After remaining 
overnight, the precipitate was collected, washed with water, and 
crystallised from water with the aid of animal charcoal. 

The acid obtained in this way melts at 141°5—142°, and is pure 
6-hydroxy-o-toluic acid, but the yield obtained is unfortunately not 
more than 10 per cent. of that theoretically possible, so that the 
preparation of the large quantities of this acid which were required 
for this investigation was very laborious, and, indeed, necessitated the 
fusion of 14 kilos. of the sodium salt of 2-naphthylaminedisul phonic 
acid with sodium hydroxide. A small quantity of the pure hydroxy- 
acid was converted, by treatment with alcohol and sulphuric acid in 
the usual manner, into ethyl 6-hydroxy-o-toluate, which melted at 69°, 
as stated by Kalle & Co. (loc. cit.), and yielded on analysis : 

01614 gave 0°3935 CO, and 0:°0980 H,O. C=665; H=6°7. 

C,,H,,0, requires C=66°'7 ; H=6°7 per cent. 

The reduction of 6-hydroxy-o-toluic acid by means of sodium and 
alcohol was carried out under the conditions described in detail in the 
case of the reduction of 4-hydroxy-o-toluic acid (p. 1876) and in the 
same apparatus. The product of the reduction, after the removal of 
the alcohol, was acidified with excess of hydrochloric acid, extracted 
four times with ether, the ethereal solution carefully dried, evaporated, 
the residual syrupy mixture of hydroxy-acids? esterified, and the esters 
fractionated under diminished pressure, when a large quantity of a 
pale yellow, viscid oil passed over at 140—180°/15 mm., leaving a 
considerable amount of a brown resin in the distilling flask. On 
refractionating, a small quantity of an unsaturated ester passed over 
below 130°/15 mm., and then the mixed hydroxy-esters distilled at about 
145—147°/15 mm. This ester (60 grams) was mixed with potassium 

* We are greatly indebted to Messrs. Cassella & Co. for a large supply of this 
valuable salt. 

+ It is stated on p. 1876 that the crude product of the reduction of 4-hydroxy- 
o-toluic acid yields an unsaturated lactone in considerable quantity when it is 
distilled in a current of steam, but only traces of an unsaturated lactone were 


obtained when the crude product of the reduction of the 6-hydroxy-acid was 
similarly treated. 
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hydroxide (30 grams) in methyl alcohol, and, after remaining over- 
night, the product was heated for one hour on the water-bath, water 
was then added, the alkaline solution saturated with carbon dioxide, 
evaporated until free from methyl alcohol, acidified, and extracted 
eight times with ether. After drying over anhydrous sodium 
sulphate, the ethereal solution was evaporated, and the amber syrup 
left for several days exposed to the air and until crystallisation 
appeared to be complete, a process which was much hastened by 
stirring from time to time. The mass was left in contact with 
porous porcelain until free from oily impurity, and the colourless 
residue systematically crystallised from dry ether and then from 
water, when it gradually separated into trans-1-methyleyclohexan-2- 
ol-6-carboxylic acid, melting at 170—172°, and the corresponding cis- 
acid, melting at 150—151°, the former being the less soluble, but 
there was also present a considerable quantity of a more soluble 
acid, which melted at about 128—133°, and gave the following 
results on analysis : 

0°1704 gave 0°3795 CO, and 0°1396 H,O. C=60°'7; H=9°2. 

C,H, ,0, requires C=60°8; H=8'8 per cent. 

This acid appears to be a second cis-modification, but we were 
unable, in spite of many crystallisations from different solvents, to 
obtain it quite free from the other modifications. 


1-Methylcyclohexan-2-one-6-carboxylic Acid, 


CO-CHMe 
CHy<on,—cH,- OH CO,H. 


A quantity of the acid just described, melting at 128—133° (15 
grams), dissolved in water (200 c.c.) was gradually oxidised on the 
water-bath with potassium dichromate (11 grams) dissolved in water 
(100 ¢.c.) and sulphuric acid (15 grams). The product was saturated 
with ammonium sulphate, extracted, the viscid syrup mixed with 
excess of semicarbazide hydrochloride and sodium acetate, and the 
semicarbazone, which gradually separated, collected, washed well, 
decomposed with dilute hydrochloric acid, and the keto-acid extracted 
with ether. 

The syrup, obtained on distilling off the ether, crystallised, and, 
after washing with small quantities of dry ether on porous 
porcelain, the colourless residue gave numbers agreeing approxi- 
mately with those required for 1-methyleyclohexan-2-one-6-carboxylic 
acid : 
0°1425 gave 0°3172 CO, and 0°1081 H,O. C=60°'7; H=8°4. 

C,H,,0, requires C=61'5; H=7°7 per cent. 
This acid melted at about 97°, but, since it was not found possible 
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to recrystallise it satisfactorily, this melting point can only be approxi- 
mate. The keto-acid is very soluble in water, and its behaviour seemed 
to indicate that it was a mixture of cis- and trans-isomerides. The 
solution of the acid gives no immediate precipitate with semicarb- 
azide hydrochloride and sodium acetate, but the semicarbazone 
soon begins to separate in flakes, and melts at about 200—205° with 
decomposition : 
0°1320 gave 22 c.c. N, at 18° and 762 mm. N=19°5. 
C,H,,0,N, requires N = 19°7 per cent. 


trans-1-Methylcyclohexan-2-ol-6-carboxylic Acid. 


This acid melts at about 170—172°, is sparingly soluble in cold 
ether, and separates, when the solution is concentrated and rapidly 
cooled, in colourless, crystalline crusts. If, however, the solution is 
allowed to cool very slowly or to evaporate spontaneously, the acid 
separates in well defined, glistening prisms, like sugar crystals. It is 
readily soluble in water, and separates from this solvent in characteristic 
woolly balls. Two different specimens crystallised from ether and 
water respectively gave the following results on analysis : 

01420 gave 0°3160 CO, and 0°1160 H,O. C=60°'7; H=9°0. 

01706 ,, 03788 CO, ,, 0°:1397 H,O. C=605; H=9°1. 

C,H, ,0, requires C= 60°8 ; H=8'8 per cent. 

On titration with V/10-sodium hydroxide, 0°3011 neutralised 0:0761 
NaOH, whereas this amount of a monobasic acid, C,H,,0,, should 
neutralise 0°0762 NaOH. The trans-hydroxy-acid dissolves readily in 
hydrobromic acid (saturated at 0°), and there is no apparent change at 
the ordinary temperature even after several days, but, when heated on 
the water-bath, the solution clouds, and a syrup separates which 
analysis showed to consist of almost pure trans-6-bromo-1-methylcyclo- 
hexane-2-carboxylic acid. Several attempts were made to obtain the 
corresponding keto-acid by oxidising the trans-hydroxy-acid with 
dichromate, but without success. When the theoretical amount of oxi- 
dising agent was employed, a good deal of unchanged hydroxy-acid 
was always recovered, and excess of oxidising agent apparently 
caused profound decomposition, since only a trace of a keto-acid could 
be isolated, and that in an impure state. 


cis-1-Methyleyclohexan-2-ol-6-carboxylic Acid and its Lactone. 


The porous plates which had been used in the purification of the 
cis- and trans-acids (p. 1886) were broken up, extracted with ether in a 
Soxhlet apparatus, the extract mixed with the residue obtained when 
the various mother liquors from the purification of the cis- and trans- 
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acids was evaporated, and the whole (80 grams) distilled under 15 mm. 
pressure. A considerable quantity passed over below 155° and most of the 
remainder distilled at 180—195°, and when the oil of lower boiling 
point was redistilled, a considerable quantity of a rather mobile oil 
was obtained, which distilled constantly at 128—130°/15 mm. : 


0°1670 gave 0-4180 CO, and 071330 H,O. C=682; H=8'8. 
01665 ,, 04192 CO, ,, 01310 H,O. C=686; H=8-7. 
C,H,,0, requires C= 68°6 ; H=8°6. 


This substance is the lactone of cis-l-methyleyclohexan-2-ol-6-carb- 
oxylic acid, and is a colourless oil possessing the peculiar odour 
characteristic of cyclic lactones. It is insoluble in sodium carbonate 
and cold dilute potassium hydroxide, but dissolves readily in the latter 
on warming, with formation of the salt of the cis-hydroxy-acid. In 
order to obtain the free acid, the well cooled alkaline solution was 
acidified, extracted several times with ether, the ethereal solution 
dried, and evaporated at a low temperature, when a colourless syrup 
was obtained which rapidly crystallised. 

After remaining in contact with porous porcelain until quite dry, 
the colourless residue separated from ether in glistening crusts, 
melted at 149—150°, and was identical with the cis-acid obtained 
directly from the product of the reduction of 6-hydroxy-o-toluic 
acid (p. 1886). Of the following analyses, the first was made with 
material obtained directly from the reduction, and the second with a 
specimen of the acid which had been prepared from the lactone : 


0°1565 gave 0°3476 CO, and 0:1289 H,O. C=606; H=9-2. 
02088 , 04645 CO, ,, 01720 H,O. C=60°'7; H=9°1. 
C,H,,0, requires C= 60°8 ; H=8'8 per cent. 


0:3117 neutralised 0:0784 NaOH, whereas the theory for this 
quantity of a monobasic acid, C,H,,0,, is 0°0788 NaOH. 


cis-1-Methylcyclohexan-2-ol-6-carboxylic acid melts at 150—151°, and 
decomposes slowly at 165°, but much more rapidly at 180° into steam 
and the lactone. It is readily soluble in water, but sparingly so 
in cold dry ether. The powdered acid dissolves readily in fuming 
hydrobromic acid (saturated at 0°), but, even after several days, 
no separation of the bromo-acid takes place at the ordinary tempera- 
ture. When, however, the solution is heated on the water-bath, the 
cis-bromo-acid separates as a viscid layer on the surface of the hydro- 
bromic acid. The lactone of the cis-hydroxy-acid dissolves at once in 
fuming hydrobromic acid with slight evolution of heat, and, when left 
overnight, the liquid clouds and a viscid syrup separates, a change 
which takes place rapidly on warming. 

The product was diluted with water, extracted with ether, the 


THE REDUCTION OF 5-HYDROXY-M-TOLUIC ACID. 1889 


ethereal solution well washed, dried, evaporated, and the residue 
left for a short time over sulphuric acid in an evacuated desiccator. 

Analysis then yielded the following numbers, which agree well 
with those required for cis-6-bromo-1-methylcyclohexane-2-carboaylic 
acid : 

0°1798 gave 0°1528 AgBr. Br=36'1. 

C,H,,0,Br requires Br = 36'2 per cent. 

The viscid oil, described at the beginning of this section, which 
distilled at 180—195°/15 mm., was again fractionated, when it 
distilled remarkably constantly at 185°/15 mm., and gave, on analysis, 
C=63°6 and H=8°5 per cent. When this syrup was stirred well 
with dry ether (2 vols.) and left, for several days, a crust separated, 
which, after crystallising from ether, melted at 169—170°, and gave 
on analysis the following result: 


0°1173 gave 0°2065 CO, and 0°0971 H,O. C=60°7; H=9°2. 
C,H,,0, requires C=60°8 ; H=8°9 per cent. 

That this acid was trans-1-methyleyclohexan-2-ol-6-carboxylic acid 
was proved by mixing it with a specimen of this acid which had been 
obtained by the method described on p. 1886, when the mixture melted 
at 168—170°. The above experiment clearly demonstrates that the 
acid of melting point 169—170° distils without the formation of a 
lactone, and confirms the view adopted in this communication that 
it is trans-1-methyleyclohexan-2-0l-6-carboxylic acid. 


Tur UNIVERSITY, 
MANCHESTER. 


CCIX.—The Reduction of 5-Hydroxy-m-toluic Acid. 


By Anprew Norman ME.tprum (Carnegie Research Fellow) and 
Wituiam Henry Perxin, jun. 


TuE present investigation was undertaken with the object of preparing 
unsaturated acids of the constitution 


~CHMe:CH. 


CHMe-CH 
CH<6 4 — CH CHO, H wi Clk cal 


OH——C0h: 
in order, with their aid, to attempt the synthesis of the two terpenes : 
oH<CHMeCHoH-CMe!CH, and 


CH—CH, 
OHO oep > CH-CMe:CH,. 


>CH:CO,H, 
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These terpenes are of considerable interest, not only because they are 
unknown members of the meta-series, but also because it is possible 
that one of them may be the inactive modification of sylvestrene, the 
constitution of which is still doubtful. 

In order to synthesise the unsaturated acids figured above, it was 
necessary to prepare large quantities of 5-hydroxy-m-toluic acid, 

Me 

4 No 
K. pri: 
HO 


and this proved to be a task of considerable difficulty. This acid 
appears to have been first prepared by Jacobsen (Ber., 1881, 14, 
2357) from m-toluic acid by sulphonation and subsequent fusion with 
potassium hydroxide. Jacobsen showed that m-toluic acid is converted 
by treatment with fuming sulphuric acid at 160° into a mixture of 
sulphonic acids which, on fusion, yields, besides small quantities of 
tsophthalic acid and a-hydroxyisophthalic acid, the following hydroxy- 
m-toluic acids : 


4-Hydroxy-m-toluic Acid. M. p. 149°. 5-Hydroxy-m-toluic Acid. M. p. 208°. 


and these, he states, are produced in approximately equal quantities, 
At a later date, Claisen and Stylos (Ber., 1887, 20, 2188 ; compare 
Claisen, Ber., 1889, 22, 3271, and Tingle, “ Ueber die Einwirking von 
Oxalither auf aliphatische Ketone,” Jnaug. Diss., Munich, 1889) 
showed that 5-hydroxy-m-toluic acid may be synthesised from ethyl 
acetoneoxalate by the following interesting series of reactions. The 
sodium derivative of ethyl acetoneoxalate is decomposed by water and 
dilute acids with formation of an acid, C,,H,,O; (m. p. 91°), a 
decomposition which Claisen formulates thus : 
CH,Ac*CO-CO, Et CH,Ac*C(OH):CO,H 
CH,AcCO-CO,Et +129 = GHAc-co-co,E¢ * EtOH. 
When this acid is digested with barium hydroxide, it is decomposed 
with elimination of oxalic acid and formation of 5-hydroxytoluic acid, 
diacetoneoxalic acid being evidently an intermediate stage : 


CH,Ac:C(OH)-CO,H CH,Ac 
I - 2 ‘ _ 
GHAc‘CO-CO,Et ~> CH Ac? OOH) CO, —> 
_7CMe—CHa, a, 
CH C(OH):CH>° CO,H. 
It seemed at first likely that this elegant synthesis might prove to 


be the most convenient method for obtaining the 5-hydroxy-m-toluic 
acid required for this research, but careful investigation, under a 
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variety of conditions, showed that, whilst it is an excellent method 
for the rapid preparation of small quantities, it is unsuitable, 
principally owing to the large volumes of liquid involved, 
for the preparation of large quantities. We therefore returned to 
Jacobsen’s method and investigated, in considerable detail, the 
sulphonation of m-toluic acid. We found that m-toluic acid is readily 
sulphonated at 160° by pure sulphuric acid and, under these conditions, 
the principal product is 5-sulpho-m-toluic acid, 


but considerable quantities of the 4- and 6-sulphonic acids, 
Me Me 
<  00,H S0,H¢ 00,H, 
SO,H 
are always produced at the same time. When these sulphonic acids 


are fused with potassium hydroxide, they yield the three hydroxy-m- 
toluic acids, 


Me Me 


4 \co.H —— 
< Pow On, 
OH 

5-Hydroxy-m-toluic 4-Hydroxy-m-toluic 6-Hydroxy-m-toluic 

Acid. M. p. 208° Acid. M. p. 150°. Acid. M. p. 172°. 
and as the yield of the 5-hydroxy-acid is satisfactory, this method was 
adopted for the preparation of almost the whole of the acid required for 
the present investigation. 5-Hydroxy-m-toluic acid is not so readily 
reduced by sodium and alcohol as m-hydroxybenzoic acid (Trans., 1907, 
91, 486), but reduction takes place quickly and almost completely in 
boiling isoamyl-alcoholic solution. 

It israther remarkable, in view of our experience in othersimilarcases 
(compare Trans., 1908, 93, 1417, and the two preceding communica- 
tions), that, although four stereoisomeric 1-methylcyclohexan-3-ol-5- 
carboxylic acids might result from this reduction, we have only been 
able to isolate one acid of melting point 138—139°, and, if any of the 
other possible acids are produced at all, it must be in very small 
quantities. The careful investigation of its properties has shown that 
the acid of melting point 138—139° is trans-1-methylcyclohexan-3-ol-5- 
carboxylic acid (I). 

When the crude trans-acid is distilled, it is converted partly into the 
lactone of the cis-acid (b. p. 130—132°/13 mm.), and this, on hydrolysis, 
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yields pure cis-1l-methylcyclohexan-3-ol-5-carboxylic acid (II), which, 
like the ¢trans-modification, melts at 138—139°, but the careful 
investigation of their properties clearly proves that the two acids are 
CHMe 
Sten 
‘OH, 
H H-C-C0,H 


¢ 
O: 


OH: ‘or H H- C CO, H H- 
2 k 

OH, ‘ou, 

(I.) (II.). 
distinct. Both the cis- and trans-hydroxy-acids are converted by 
fuming hydrobromic acid into the corresponding bromo-acids, and these, 
on treatment with diethylaniline, yield unsaturated acids, the investiga- 

tion of which is in progress. 

When ethyl trans-1-methyleyclohexan-3-ol-5-carboxylate is oxidised 
with chromic acid, it is converted into ethyl-1-methylcyclohexan-3-one-5- 
carboxylate, which distills at 138—140°/15 mm., and, on hydrolysis, 
yields the corresponding acid, 

CHMe:’CH, ‘ 
CH,< 69 — -CH.> OH: CO,H. 

This syrupy keto-acid distils at 192°/15 mm., and yields a crystalline 
oxime (m. p. 142°), but does not appear to combine readily with semi- 
carbazide. 

It has already been stated that one of the acids resulting from the 
sulphonation of m-toluic acid is 6-sulpho-m-toluic acid, and that this, 
on fusion with potassium hydroxide, yields 6-hydroxy-m-toluic acid, 

Me 


i. 
OHK —_ >CO;H. 


This acid is of special interest in connexion with the experiments on 
the synthesis of the terpenes, because if it could be reduced by sodium 
and alcohol, it would yield 1-methyleyclohexan-2-ol-5-carboxylic acid, 
from which, by elimination of water and subsequent treatment with 
magnesium methyl! iodide, csocarvestrene should result : 


OH- on<CHMe cH >CH-00,H —> aca CH 


a_7CMe'CH :, 
CH<oy a HICH: OMe: CH, 


pans, Ty 


HOH CO,H 


The actual process employed in the synthesis of isocarvestrene and 
its derivatives (Fisher and Perkin, Trans., 1908, 93, 1877) is a com- 
plicated and very laborious one, and, as the method indicated above 
would be much more direct and considerable quantities of 6-hydroxy- 
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m-toluic acid had accumulated, a series of experiments was made with 
the object of reducing it to the corresponding hexahydro-derivative. 

The acid was treated with ethyl alcohol and sodium and with iso- 
amyl alcohol and sodium under a variety of conditions, but in no case 
could any indication of reduction be observed, a result in harmony 
with a series of unsuccessful experiments which had previously been 
made in the hope of reducing p-hydroxybenzoic acid under similar 
circumstances. 


Sulphonation ef m-Toluic Acid. 


After a series of comparative experiments, the following process 
was adopted for the sulphonation of the large quantities of m-toluic 
acid which were required for this investigation. The pure acid 
(250 grams) and pure sulphuric acid (750 c.c.) are heated in a bolt- 
head at 180° for eight hours, the temperature being carefully 
regulated by a gas regulator, and the whole being stirred or agitated 
from time to time in order to ensure perfect mixture. The product 
is allowed to cool, mixed with water (900 c.c.), and left overnight, 
when a mass of small crystals gradually forms, and when the 
separation is complete, the whole is filtered through flannel by the aid 
of the pump and drained on porous porcelain. The filtrate (A) was 
kept for further examination (p. 1894). The crude 5-swlpho-m-toluic 
acid thus obtained is crystallised either from water or by adding 
hydrochloric acid to the concentrated aqueous solution,* and a specimen 
which had been repeatedly recrystallised melted at 110° and gave the 
following results on analysis : 


0°2506 neutralised 0:0794 NaOH, whereas this amount of a dibasic 
acid, C,H,0,8,2H,0, should neutralise 0°0795 NaOH, and this 
result was confirmed by the titration of several different 
specimens. 


5-Sulpho-m-toluic acid yields two very characteristic salts. 

The Sodium Hydrogen Salt, C,H,O,SNa,2H,0.—This beautifully 
crystalline salt separates when hydrochloric acid is added to the 
concentrated solution of the neutral sodium salt, and is readily 
purified by crystallisation from water, from which it separates in 
glistening plates : 

0°2401 gave 0:°0614 Na,SO,, Na=8:29. 

02813, heated at 140° until constant, lost 00372. H,O=13°22. 

C,H,O,SNa,2H,O requires Na=8'4 ; H,O=13:14 per cent. 

The titration of this salt with 4/10-sodium hydroxide gave the 
following results : 

* The mother liquors (B) from these crystallisations were carefully investigated 
(p. 1895). 
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0:4386 neutralised 0°064 NaOH, whereas this amount of the sodium 
hydrogen salt should neutralise 0°064 NaOH. 


The Barium Hydrogen Salt, (C,H,0,8),Ba,7H,O.—This salt was 
prepared by taking a measured quantity of the aqueous solution of the 
pure sulphonic acid, neutralising one half with barium carbonate, 
filtering, and adding the other half. It is readily soluble in hot water, 
and separates, when the hot concentrated solution is cooled, in slender, 
flexible needles : 


0°1124 gave 0°0384 BaSO,. Ba=20°11. 
C,,H,,0,,.S,Ba,7H,O requires Ba = 19°82 per cent. 


The composition of this salt was controlled by titration with 1/10- 
sodium hydroxide, when 0°1678 neutralised 0:0194 NaOH, whereas 
this amount of a salt of the above composition should neutralise 
0°0193 NaOH. 

The yield of 5-sulpho-m-toluic acid varies considerably in different 
experiments, but we have several times obtained as much as 400 grams 
of the pure acid from 500 grams of m-toluic acid. 

The conversion of 5-sulpho-m-toluic acid into 5-hydroxy-m-toluic 
acid by fusion with potassium hydroxide is described on p. 1895. 


The original mother liquors (A, p. 1893), from which the crystals 
of crude 5-sulpho-m-toluic acid had separated, were diluted with 
water and neutralised with chalk. The filtrate and washings from 
the calcium sulphate were converted into potassium salt by the 
addition of potassium carbonate, and, after filtering, several crops of 
potassium salt were obtained by repeatedly concentrating the aqueous 
solution. The first crop of potassium salt yielded, on fusion with 
potassium hydroxide, an acid which, after repeated crystallisation from 
water, separated in long needles of melting point 149—150°, and gave, 
with ferric chloride, a bluish-violet coloration. 

This acid was easily recognised as 4-hydroxy-m-toluic acid 
(a-cresotinic acid), 

Me 
< co,H, 


"ek 
OH 


and its formation shows that one of the products of the sulphonation 
of m-toluic acid is 4-sulpho-m-toluic acid. 

The second and third crops of potassium salt yielded, on fusion 
with potassium hydroxide, some 4-hydroxy-m-toluic acid, but prin- 
cipally an acid which, after repeated fractional crystallisation, separated 
from water in slender needles melted at 172—173°, gave no colora- 


THE REDUCTION OF 5-HYDROXY-M-TOLUIC ACID. 1895 


tion with ferric chloride, and proved to be 6-hydroxy-m-toluic 
acid, 
Me 
oy 
ean, Pe 
Evidently, then, one of the products of the sulphonation of m-toluic 
acid is 6-sulpho-m-toluic acid. 


The mother-liquors (B, p. 1893) from the crystallisation of the crude 
sulphonic acid, and which had accumulated in cohsiderable quantity, 
were freed from sulphuric acid by treatment with the exact quantity 
of barium hydroxide in the usual manner. The filtrate from the 
barium sulphate was divided into halves, one of which was neutralised 
with barium carbonate, the other was then added and the liquid con- 
centrated. The first crop which separated consisted of the hydrogen 
barium salt of 5-sulpho-m-toluic acid, since, after conversion into the 
potassium salt and fusion with potassium hydroxide, it yielded 
5-hydroxy-m-toluic acid m. p. 208°). 

The more soluble salt consisted essentially of the hydrogen barium 
salt of 6-sulpho-m-toluic acid, and yielded, after conversion into the 
potassium salt and fusion with potassium hydroxide, 6-hydroxy-m- 
toluic acid (m. p. 173°). During this series of experiments, although 
careful search was made, there was no indication of the presence of 
2-sulpho-m-toluic acid, 


and it seems probable that this isomeride is not formed during the 
sulphonation of m-toluic acid. 


5-Hydroxy-m-toluic Acid 


This acid was prepared in large quantities (about 1500 grams) for 
the purposes of this research, and every effort was made to obtain it in 
as pure a condition as possible. The sulphonic acid employed was 
twice recrystallised from water, and then added, in quantities of 50 
grams, to potassium hydroxide (150 grams), and the whole gradually 
heated (during about half an hour), with constant stirring, until the 
temperature reached 260°. 

The product was dissolved in water, nearly neutralised with hydro- 
chlorie acid, mixed with a little animal charcoal, concentrated, and, 
after remaining overnight, the filtrate from the animal charcoal and 
potassium chloride was acidified and the crystalline acid collected and 
well washed. In order to purify the acid further, it was converted 
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into the characteristic calcium salt, (C,;H,O,),Ca,2H,O, described by 
Jacobsen (Ber., 1881, 14, 2358), and for this purpose the acid was 
ground to a paste with water, digested with precipitated calcium 
carbonate, and the filtrate concentrated, when the salt separated in 
magnificent, glistening prisms. This salt was recrystallised until quite 
pure, and a specimen yielded, on analysis, numbers confirming the com- 
position assigned to it by Jacobsen. 

0°3058, heated at 100° until constant, lost 0°0296 H,O, and gave on 

ignition 0°0448 CaO. H,O=9°68 ; Ca=10°47. 
C,,H,,0,Ca,2H,0 requires H,O = 9°52 ; Ca = 10°58 per cent. 

Finally, the pure salt was dissolved in boiling water, acidified with 
hydrochloric acid, the acid collected, and crystallised once from water ; 
it then melted at 208°, and consisted of pure 5-hydroxy-m-toluic acid. 
The yield obtained from m-toluic acid varied considerably in different 
preparations, but was usually about 40 per cent. 

During the earlier stages of this research, we attempted to prepare 
the 5-hydroxy-m-toluic acid required from ethy] oxalate and acetone by 
the method described by Claisen and Miller (Ber., 1899, 22, 3271), 
but, at first, without success. Subsequently, Dr. J. B. Tingle was kind 
enough to send us a copy of his dissertation which deals with this 
series of reactions, but does not appear to have been published, 
and, by modifying the process in some of its details, we ultimately 
prepared considerable quantities of 5-hydroxy-m-toluic acid in this way, 
but the method was found to be more laborious than that based on the 
sulphonation of m-toluic acid. 

Sodium (23 grams) was dissolved in absolute alcohol (350 e.c.), and 
the solution added toa mixture of acetone (58 grams) and ethyl oxalate 
(146 grams), when, after some time, the whole became semi-solid, owing 
to the separation of the sodium derivative of ethyl acetoneoxalate, 
CHAcNa:CO-CO,Et. This was collected, transferred to a bottle, and 
shaken mechanically with glacial acetic acid (300 c.c.) for two hours. 
The crystalline precipitate which had separated, and contained about 
6°7 per cent. of sodium, was collected, washed with ether, ground up 
with water and excess of dilute sulphuric acid, and the colourless, 
crystalline precipitate melting at 89°, and consisting of the substance 

CH,Ac*C(OH)-CO,H 
CHAc:’CO-CO,Et 
(see p. 1890), collected and digested in quantities of 100 grams with a 
solution of barium hydroxide (155 grams) in water (1 litre) on the 
water-bath. After about thirty minutes, the barium oxalate was 
removed by filtration, the filtrate neutralised, concentrated, and 
acidified, when crude 5-hydroxy-m-toluic acid (28 grams) separated, and, 
after one crystallisation from water, melted at 208°, and was quite pure. 
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The Reduction of 5-Hydroxy-m-toluic Acid. 


Since preliminary experiments showed that this acid is not readily 
reduced by sodium and alcohol, we decided, in the first place, to 
investigate its behaviour on reduction with sodium and isoamy] alcohol. 
The pure acid (35 grams) was dissolved in isoamy! alcohol (1300 c.c.), 
the solution heated to boiling, and then sodium (130 grams) added as 
rapidly as possible. When all the sodium had dissolved, the mass was 
mixed with water, the tsoamyl] alcohol layer separated, washed several 
times with water, and the combined aqueous layers neutralised and 
evaporated to a small bulk. 

The sodium chloride which crystallised out was removed, and the 
filtrate acidified, when a syrup separated which soon began to crystal- 
lise. After remaining for several days in the ice-chest, the crystalline 
mass was collected, and left in contact with porous porcelain until 
quite free from oil, when the almost colourless residue weighed 17 
grams, This was ground with a little ether, washed with ether, and 
repeatedly crystallised from water : 

0°1347 gave 0:2996 CO, and 0°1058 H,O. C=60:'7; H=8°7. 

C,H, ,0, requires C=60°8 ; H=8'8 per cent. 
0°3420, dissolved in water and titrated with /10-sodium hydroxide, 
required 0:0862 NaOH for neutralisation, whereas the theoretical 
amount is 0°0865 NaOH. 
trans-1-Methylcyclohexan-3-ol-5-carboxylic acid melts at 138—139°, 
and, unlike the cis-acid, shows no signs of decomposing at 150°; 
when, however, it is heated at 180°, slow decomposition sets in, and 
becomes rapid at 200°. It is readily soluble in hot water, and 
separates on cooling in crystalline crusts. 

In ether it is very sparingly soluble, and when the warm saturated 
solution is concentrated, the acid separates after some time in 
crystalline crusts, which are bright while under the ether, but, when 
exposed to the air, rapidly become chalky. The salts of the acid do not 
crystallise well. The ammonium, potassium, and sodium salts are very 
soluble in water, and the solutions of the calcium and barium salts, 
when concentrated, set to jellies. 

The trans-acid dissolves readily in fuming hydrobromic acid 
(saturated at 0°), and separation of crystals does not occur when the 
solution is left for forty-eight hours (compare the behaviour of the 
cis-acid under the same conditions). If the solution is allowed to 
evaporate over potassium hydroxide and sulphuric acid in a vacuum 
desiccator, a gummy acid containing bromine remains. The clear 
solution of the érans-acid in hydrobromic acid gradually clouded on 
the water-bath and, in a few minutes, an oily layer separated on the 
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surface, and when separation was complete, the whole was diluted with 
water, extracted with ether, the ethereal solution washed, dried, 
evaporated and left exposed over sulphuric acid in a vacuum 
desiccator for several hours. The nearly colourless syrup yielded the 
the following results on analysis : 

0°2857 gave 0°2346 AgBr. Br=35'1. 

C,H,,0,Br requires Br = 36°2 per cent. 

This substance is evidently nearly pure trans-5-bromo-l-methyl 

cyclohexane-3-carboxylic acid. 


cis-1-Methylcyclohexan-3-ol-5-carboxylic Acid. 


The porous plates used in the purification of the trans-acid were 
extracted with ether in a Soxhlet apparatus, and the crude syrup re- 
maining after the removal of the ether slowly distilled under 12 mm. 
pressure. At first much water was given off, and then an oil distilled 
at 120—160°, followed bya censiderable quantity of a pale yellow oil 
distilling at 210—220°. The oil of lower boiling point yielded, on 
repeated fractionation, a lactone distilling at 130—132°/13 mm. : 

0:2081 gave 0:°5226 CO, and 0:1655 H,O. C=685; H=8'8. 

C,H,,0, requires C= 68°6 ; H =8°6 per cent. 

This lactone of cis-1-methylcyclohexan-3-ol-5-carboxylic acid has the 
odour characteristic of lactones of this nature; it is insoluble in 
sodium carbonate and dilute potassium hydroxide in the cold, but 
dissolves readily in the latter on warming. In order to prepare the 
corresponding hydroxy-acid, the lactone was dissolved in hot dilute 
potassium hydroxide, the solution cooled, acidified, and extracted 
several times with pure ether. The ethereal solution was carefully 
dried and concentrated, when it was noticed that, at a certain con- 
centration, a crystalline acid commenced to separate from the boiling 
ethereal solution, and the amount increased considerably on standing. 
After recrystallising twice from ether, the acid was quite pure, and 
yielded the following results on analysis : 

0°1212 gave 02700 CO, and 0:0959 H,O. C=60°'7; H=88. 

C,H,,0, requires C= 60°8 ; H =8°8 per cent. 

The basicity of the acid was determined by titration with W/10- 
sodium hydroxide, when 0°2221 neutralised 0:0556 NaOH, whereas 
this amount of a monobasic acid, O,H,,0,, should neutralise 
0:0562 NaOH. 

cis-1-Methylcyclohexan-3-ol-5-carboxylic acid melts at 138—139° and 
decomposes slowly at 140°, but much more rapidly at 150°. 

It is very readily soluble in water, but sparingly so in ether, and 
separates from its solution in the latter solvent, on concentrating, as 
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a soft, crystalline mass consisting of pearly plates, which do not lose 
their lustre on exposure to air. In this respect it shows a marked 
difference from the behaviour of the ¢trans-acid in the same 
circumstances. Both the trans- and the cis-acids melt at the same 
temperature (139°), but an intimate mixture of equal amounts 
of the two isomerides shrinks at 115°, and is almost melted at 
120°. Again, the two acids exhibit a striking difference in their 
behaviour towards hydrobromic acid, by the action. of which the trans- 
acid, as already explained, is converted into a syrupy bromo-acid. 
The czs-acid dissolves readily in fuming hydrobromic acid (saturated at 
0°), and the solution soon begins to deposit crystals. After remaining 
overnight, the whole was transferred to porous porcelain, and left 
until the hydrobromic acid had been completely absorbed ; the residue 
was then dried over sulphuric acid and solid potassium hydroxide in 
a vacuum desiccator. 

The colourless bromo-acid was purified by crystallisation from light 
petroleum (b. p. 50—60°), and two different specimens gave the 
following results on analysis : 


0°2878 gave 0°2499 AgBr. Br=36'8. 
0:2869 ,, 0:2448 AgBr. Br=36°4. 
C,H,,0,Br requires Br = 36°2 per cent. 

cis-5- Bromo-1-methylcyclohexane-3-carboxylic acid melts at 90—9 2°, 
and decomposes, with effervescence but with little change in colour, at 
about 170°. It is very readily soluble in alcohol, ether, or benzene, 
but somewhat less so in light petroleum, from which it separates in 
brilliant prisms or, if the hot concentrated solution is rapidly cooled, 
in glistening, needle-shaped leaflets. 

It is a comparatively stable substance, and is only gradually de- 
composed on boiling with water. 


1-Methylcyclohexan-3-one-5-carboxylic Actd, 


CHMe:CH.~ 4,7. 
CH,<o9-—cH. > O# CO,H. 


In preparing this acid, chromic acid (5 grams), dissolved in a little 
water, was gradually added to ethyl 1-methyleyclohexan-3-ol-5- 
carboxylate (10 grams) dissolved in acetic acid (10 c.c.), care being 
taken that the temperature did not rise above 40°. 

After about three hours, the product was mixed with very dilute 
sulphuric acid, extracted with ether, the ethereal solution washed 
well with water and then with sodium carbonate, dried, and 
evaporated. 

The residue yielded, on repeated fractionation, ethyl 1-methylcyclo- 
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heaan-3-one-5-carboaylate as a colourless oil distilling at 138—140°/15 
mm. : 
0°1411 gave 0°3366 CO, and 0°1128 H,O. C=64:9; H=8°9, 
C,,H,,0, requires C= 65-2 ; H=8°7 per cent. 

In order to obtain the free acid, this ester (15 grams) was digested 
with dilute hydrochloric acid (150 c.c. of 5 per cent.) in a reflux 
apparatus, the condenser of which was removed from time to time to 
allow the alcohol to escape. The clear solution was saturated with 
ammonium suiphate, when an oil separated which was extracted several 
times with ether, the ethereal solution was then dried, evaporated, 
and the colourless syrup distilled : 

0°1651 gave 0°3737 CO, and 0:1173 H,O. C=61'7; H=7°9. 

01320 ,, 0:2980 CO, ,, 0°0931H,0. C=616; H=7'8. 

C,H,,0, requires C=61:5; H=7-7 per cent. 
1-Methyleyclohexan-3-one-5-carboxylic acid is a viscid syrup, which 
distils at 192°/15 mm., and a strong solution of which in water clouds 
on cooling. The titration of the acid with V/10-sodium hydroxide 
yielded the following results : 

0-2064 neutralised 0:°052 NaOH. whereas this amount of a monobasic 

acid, C,H,,0,, should neutralise 0°53 NaOH. 

The aqueous solution of the acid did not yield a crystalline semi- 
carbazone on the addition of sodium acetate and semicarbazide hydro- 
chloride even on standing for several hours, but, on the other hand, a 
crystalline oxime was readily obtained. 

In order to prepare this, the acid (2 grams), dissolved in a 
little water, was mixed with a strong solution of hydroxylamine 
hydrochloride (4 grams) and potassium hydroxide (6 grams) and 
left for several hours. The alkaline solution was acidified, repeatedly 
extracted with ether, the ethereal solution dried and evaporated, when 
a colourless syrup remained which gradually crystallised. 

The mass was left in contact with porous porcelain until quite free 
from oil, and then recrystallised from ether : 

0°1755 gave 118 c.c. N, at 15° and 764mm. N=7°9. 

C,H,,0,N requires N = 8:2 per cent. 
3-Oximino-1-methyleyclohexan-5-carboxylic acid is readily soluble 
in warm, but much less so in cold, ether, and separates from this 
solvent in minute prisms, melting at 142°. 


The authors are indebted to the Carnegie Trust and to the 
Chemical Society for grants which have largely defrayed the cost of 
this investigation. 
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CCOX.—The Formation and Reactions of Imino-com- 
pounds. Part XI. The Formation of 1-Imino-2- 


cyanocyclopentane from Adiponitrile. 


By Jocetyn Fietp THorpPe. 


Ir has been already shown that open-chain compounds containing 
two nitrile groups separated by four carbon atoms tend readily to 
pass into derivatives of the five-membered ring when they are treated 
in alcoholic solution with a trace of sodium ethoxide or of a sodium 
compound which dissociates in alcohol, the two instances illustrating 
this generalisation being the transformation of ethyl ad-dicyanovalerate 
into ethyl 2-imino-3-cyanocyclopentane-1-carboxylate (this vol., 685), 
CH,*CH,"ON = CH, BPs ge 
CH,*CH(CN):00,Et OH, ‘CH(CO,Et)~ ~* 
and the production of B-imino-a-cyanohydrindene from o-phenylene- 
diacetonitrile (Trans., 1908, 93, 176), 
CH. oH ON wt OM ‘<onaln >o:NH. 

In order, therefore, to show that this reaction is of general applica- 
tion when applied to the formation of the cyclopentane ring, it remained 
to prove that adiponitrile passed with equal readiness into 1l-imino- 
2-cyanocyclopentane, 

CH,°CH, CN is CH, —CH . >CNH 
CH,°CH,°CN CH, ‘CH(CN) 

Experiment showed that this reaction took place with great ease, 
and that it was only necessary to heat an alcoholic solution of the 
dinitrile containing a trace of sodium ethoxide for a short time on the 
water-bath in order to transform it completely into the cyclic imino- 
nitrile. 

The adiponitrile used in these experiments was prepared according 
to ‘the directions of Henry (Bull. Acad. roy. Belg., 1901, 7, 367) by 
the action of alcoholic potaassium cyanide on aé-di-iodobutane, 

CH,I-CH,-CH,°CH,I. 
After several methods had been tried for the preparation of this iodo- 
compound in a pure condition, the process recommended by von Braun 
(Ber., 1906, 39, 4357) was ultimately found to give the best results. 
This process starts with ay-dibromopropane, CH, Br:CH,°CH,Br, which 
is converted into a-bromo-y-phenoxypropane, CH,Br*CH,-CH,-OPh, 
by the action of sodium phenoxide. This compound is then converted 
into y-phenoxybutyronitrile, CN-CH,°CH,°CH,-OPh, by the action of 
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potassium cyanide, and reduced by means of alcohol and sodium to 
5-phenoxybutylamine, NH,-CH,-CH,°CH,°CH,°OPh. The amine is 
then converted by means of benzoyl chloride into its benzoyl deriv- 
ative, which, on distillation with phosphorus pentachloride, is 
transformed into a-chloro-8-phenoxy butane, 
CH,Cl-CH,°CH,°CH,°OPh. 

Sodium iodide in alcohol then converts this chloro-ether into 
a-iodo-5-phenoxybutane, CH,[°CH,°CH,°CH,-OPh, which is trans- 
formed into aé-di-iodobutane on heating with hydriodic acid at 100° 
for six hours. 


a8-Dieyanobutane (Adiponitrile), CN-CH,*CH,*CH,*CH,-CN. 


This substance was prepared by the action of alcoholic potassium 
cyanide on aé-di-iodobutane, the process adopted being as follows. 
Twenty-six grams of pure potassium cyanide were dissolved in as little 
water as possible, and the solution, after being mixed with three times 
its volume of alcohol, heated to boiling. Fifty grams of aé-di-iodo- 
butane were then diluted with an equal volume of alcohol, heated to 
boiling, and gradually added to the hot alcoholic potassium cyanide. 
The reaction was fairly vigorous, and was completed by heating the 
mixture on the water-bath for one hour, when water was added to the 
cool solution and the precipitated oil extracted by ether. The ethereal 
extract was washed with water to remove alcohol, and then thoroughly 
shaken with dilute hydrochloric acid, being finally dried and evaporated. 
The residual oil was then carefully fractionated under 20 mm. pressure, 
and the fraction boiling at 180—182° collected : 

01863 gave 0°4563 CO, and 0°1258 H,O. C=6678; H=7-49. 

C,H,N, requires C=66°7 ; H=7°4 per cent. 

The washing with hydrochloric acid in the above preparation was 
found to be necessary, owing to the production of a certain proportion 
of 1l-imino-2-cyanocyclopentane by the alcoholic potassium cyanide. 
The action of hydrochloric acid converts the imino-compound into the 
corresponding ketone, which for the most part remains dissolved in 
the dilute hydrochloric acid, and can be recovered by saturating the 
solution with ammonium sulphate and extracting with ether. The 
amount of imino-compound formed in the reaction depends on the 
quantity of water used to dissolve the potassium cyanide. If no water 
is used and the interaction of the di-iodide and potassium cyanide is 
carried out in absolute alcohol, the formation of the imino-compound 
cannot be detected. The process under these conditions takes, how- 
ever, a considerable time for completion, and it is advisable to employ 
the conditions given above and remove any imino-compound formed in 
the manner stated. The observation is, however, of importance, since 
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it shows that when potassium cyanide is used in a solvent in which it 
does not dissociate, the production of the imino-nitrile does not take 
place. 


CH,°CH(CN 
1-Imino-2-cyanocyclopentane, | oa) 


oo 

The conversion of a6-dicyanobutane into 1-imino-2-cyanocyclopentane 
is readily effected by boiling an alcoholic solution of the dinitrile con- 
taining a trace of sodium ethoxide. The conditions found to give the 
best result were as follows. Five grams of the dinitrile were mixed 
with 20 c.c. of absolute alcohol in a flask fitted with a reflux con- 
denser, and a piece of clean sodium about the size of a grain of wheat 
added. The sodium rapidly dissolved, and the solution, which became 
pale yellow, was then heated on the water-bath for one hour. The 
imino-nitrile, which separated from the solution on cooling, was collected 
and purified by recrystallisation from benzene, when it was obtained 
in long, flattened needles, melting at 147° (compare Best and Thorpe, 
this vol., 709) : 

01897 gave 0°4648 CO, and 0:1288 H,O. C=66°81; H=7°54. 

C,H,N, requires C=66°7 ; H=7-4 per cent. 

The above method was found more convenient than using a solution 
of sodium ethoxide in the manner described in the conversion of 
o-phenylenediacetonitrile into -imino-a-cyanohydrindene (loc. cit.), 
although the change can be effected equally well by that means. The 
small amount of reduction caused by the nascent hydrogen does not 
apparently affect the yield of the imino-compound, which was found 
to be practically the same by both methods. From the 5 grams of 
ad-dicyanobutane used in the experiment, 4°2 grams of crude 1-imino- 
2-cyanocyclopentane were obtained. 

The identity of the imino-compound was established by converting 
it, by the action of dilute hydrochloric acid, into 2-cyanocyclopentanone, 
and preparing the characteristic semicarbazone of this substance, which 
melts and decomposes at 190° (compare this vol., 709). 


Much of the expense entailed by this research has been met by 
grants from the Government Grant Committee of the Royal Society, 
and from the Research Fund of the Chemical Society, for which I 
desire to express my indebtedness. 


THE UNIVERSITY, 
MANCHESTER. 
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CCXI.—The Action of Mercaptans on Acid Chlorides. 
Part I. Oxalyl Chloride; the Mono- and D- 


thio-oxalates.* 


By Humpurey Owen Jones and Hupert Sanperson Tasker. 


Tue alkyl mercaptans and their derivatives react in general with acid 
acid chlorides to form esters of the corresponding thio-acids ; thus, for 


instance : 
3RSH + PCI, = P(SR), + 3HCl. 


The final products of the reaction depend on the stability or in- 
stability of the ester formed, and if it is unstable, on its manner of 
decomposition. From the stable esters it is possible to obtain 
potassium salts by the action on them of alcoholic potassium hydro- 
sulphide, and these potassium salts have in some cases properties of 
special interest. 

The simplest method of decomposition of phenyl thio-esters is by 
the elimination of phenyl disulphide, and this gives rise to the possi- 
bility of obtaining new oxides of common elements. Those salts, how- 
ever, which are of this nature appear to avoid decomposition in the 
simple and normal manner. 

Oxalyl chloride was prepared at first by a modification of the method 
used by Fauconnier (Compt. rend., 1892, 114, 122). Two gram- 
molecules of phosphorus pentachloride and one gram-molecule of ethyl 
oxalate were heated to 150—160° in sealed tubes and the product was 
distilled. The fraction boiling at 70—75° contained the largest 
percentage of oxalyl chloride, but contained also phosphorus trichloride 
and phosphoryl chloride, as well as as-dichloroethane. Further 
purification, however, by distillation or precipitation of the oxalyl 
chloride with dry pyridine was found to be impracticable. 

The action of sodium phenylmercaptide on oxalyl chloride was 
at first investigated in the hope of obtaining a new oxide of carbon, 
C,0,. No definite gaseous product, however, was obtained from the 
reaction, and the only solid products, apart from sodium chloride, were 
phenyl] disulphide , triphenyl trithiophosphite, and triphenyl trithio- 
phosphate. 

Later, oxalyl chloride was obtained pure by Staudinger’s method 
(Ber., 1908, 41, 3558), and these experiments were repeated. A 


* Preliminary notes on portions of this work have already appeared (Proc. Camb. 
Phil. Soc., 1909, 15, 94; Proc., 1908, 24, 271). 
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small quantity of carbon monoxide was produced together with sodium 
chloride, phenyl disulphide in small quantity, and a substance which 
erystallised from alcohol in small, yellow needles. 

If lead phenylmercaptide in ether suspension was used instead of 
the sodium salt, the reaction was less vigorous, and there was no pro- 
duction of gas or of phenyl] disulphide, the only products being lead 
chloride and the yellow compound ; this was presumed to be phenyl- 
dithio-oxalate, the reaction taking place thus : 

(COCI), + Pb(S:C,H;). = (CO°S:C,H;), + PbCl,. 

Phenyl dithio-oxalate is best prepared by the action of one gram- 
molecule of oxalyl chloride on two of phenyl mercaptan. The reaction 
starts in the cold, anda brisk evolution of hydrogen chloride takes 
place. A yellow colour is produced on mixing the liquids, which 
eventually solidify to a crystalline, yellow mass. 

On crystallisation from alcohol, sulphur-yellow, prismatic needles, 
melting at 119—120°, are obtained, which are readily soluble in ether 
or light petroleum : 

0°2857 gave 0°6402 CO, and 0:0951 H,O. C=61:1; H=3°7. 

C,,H,,0,8, requires C= 61°31 ; H = 3-65 per cent. 

Treatment with hot potassium hydroxide solution converts the ester 
into potassium phenylmercaptide and potassium oxalate. 

The ester distils unchanged under the atmospheric pressure, but is 
decomposed by concentrated sulphuric acid, giving carbon monoxide 
and a brownish-purple colour, which is a characteristic test for phenyl 
disulphide. 

On being heated with sodium to a temperature of 200—300°, the 
substance chars and yields carbon monoxide. 

The yellow colour of phenyl dithio-oxalate persists after repeated 
recrystallisation and treatment in solution with animal charcoal. 

Ethyl dithio-oxalate is prepared by mixing one gram-molecule of 
oxalyl chloride with two of ethyl mercaptan in the cold. The liquid 
becomes yellow, and hydrogen chloride is evolved. The mixture is 
heated gently to expel any excess of either of the reacting substances, 
and, on cooling, sets to a yellow, crystalline mass with a characteristic 
and, to some, a nauseating odour. On crystallisation from ether, 
yellow needles are obtained, which melt at 27—275°, and distil 

unchanged at 235°; the spontaneous solidification of the crude mass 
thus evidences the remarkable purity of the substance. Its colour, 
although its existence is undeniable, is not so intense as that of the 
phenyl ester : 

0°1826 gave 0°2694 CO, and 0:0883 H,O. C=403; H=5°3. 

(CO'S:C,H,), requires C= 40°45 ; H=5°6 per cent. 
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Methyl Dithio-oxalate.—Methyl mercaptan was passed into oxaly]l 
chloride, when a yellow colour was produced and hydrogen chloride 
was evolved. On shaking the liquid with water, pale yellow crystals 
of methyl dithio-oxalate, melting at 81—82°, separated. In a later 
preparation, crystals were actually deposited from the reaction liquid, 
and, when crystallised from light petroleum, separated in small rhombs, 
melting at 82‘5—83°5°. The odour of this ester is very objection- 
able. 

Treatment with aqueous potassium hydroxide gave potassium 
oxalate and methyl mercaptan : 

03211 gave 0°3755 CO, and 0°1179,H,O. C=31:°9; H=4:08. 

(CO-S-CH,), requires C= 32:0 ; H=4:00 per cent. 

Propyl Dithio-oxzalate.—This substance was prepared from oxalyl 
chloride and propyl mercaptan precisely in the same manner as the 
ethyl ester. At the ordinary temperature it is a yellow liquid 
boiling at 158°/15 mm. : 

02121 gave 0°4755 BaSO,. S=30°8. 

(CO-S:C,H,), requires S = 31°6 per cent. 

isoAmyl dithio-oxalate was prepared similarly from oxalyl chloride 
and isoamyl mercaptan. Itis a yellow liquid, boiling at 206°/19 mm. : 

0°2565 gave 0°4510 BaSO,. S= 24°15. 

(CO-S:C,H,,). requires S = 24°4 per cent. 

Potassium Dithio-oxalate.—By the action of an equivalent quantity 
of alcoholic potassium hydrosulphide on phenyl or ethyl dithio-oxalate, 
also in alcoholic solution, the alkyl mercaptan is formed, and a white, 
crystalline precipitate of potassium dithio-oxalate is obtained, which 
may be collected and washed free of potassium hydrosulphide with 
alcohol : 

0°2195 gave 0:0950 CO,. C=11'8. 

0°1185 ,, 0°2833 BaSO,. S=32°7. 

0:2063 ,, 01795 K,SO,. K=39-01. 

C,0,8,K, requires C= 12°1 ; S=32°3; K=39°4 per cent. 


This salt is very soluble in water to a yellow solution, which on 
evaporation on a water-bath deposits large, colourless prisms. After 
recrystallisation, the salt appears to become less stable, and, on keep- 


ing, turns brown with, however, no formation of sulphide. 
If dilute sulphuric acid is added to a solution of potassium dithio- 
oxalate, hydrogen sulphide is evolved, and a yellow, amorphous solid 
is precipitated, which is not sulphur. The identity and properties of 
this substance are now under investigation. 
The solution also gives the following characteristic reactions with 
various metallic salts : 
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Silver nitrate 

Lead acetate ........0.0. 20.006 
Mercurous nitrate 

Mercuric chloride 
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Orange precipitate, quickly turning black. 


Orange precipitate, turning black on standing. 
Black precipitate. 
Pale yellow precipitate, stable on boiling. 


Bismuth nitrate Light yellow precipitate, turning dark brown on 
boiling. 

Pale yellow precipitate. 

Dark brown precipitate, soluble in excess of the 
reagent to a dark green solution. This de- 
posits a black precipitate on boiling. 

Yellow precipitate, turning brick-red on boiling. 

Light yellow colour in the coid. On boiling, a 
precipitate, which turns from white to dark 
brown. 

Reddish-brown colour, giving a dark brown 
precipitate on boiling. 

A brownish-pink coloration, giving on long 
standing a brown precipitate. 

Pale yellow coloration. 

Deep magenta coloration which is stable on 
boiling. This most characteristic reaction is 
dealt with more fully below. 

Deep reddish-brown coloration. 

Yellowish-brown coloration. 

No precipitate in neutral solution. On addition 
of ammonia there is precipitation of calcium 
oxalate, sulphide remaining in solution. 

Deep brown coloration. Brown precipitate on 
standing. 

Reddish-brown coloration. 


Cadmium chloride 
Copper sulphate 


Antimony chloride 
Stannic 


Stannous 


Ferrous sulphate 
Ferric chloride 
Zinc sulphate 
Nickel ,, 


Cobalt nitrate 
Manganese sulphate 
Calcium chloride 


Palladium chloride 


Platinous aig 
Platinic chloride and sodium 
carbonate Reddish-brown coloration, deepening on 


standing. 


It is probable that the sulphide of the heavy metal is produced in 
all cases where decomposition occurs on boiling. 


Potassium Nickelodithio-oxalate——Equal weights of potassium 
dithio-oxalate and nickel sulphate crystals were mixed in concentrated 
solutions. There was a copious separation of small, almost black 
needles, which exhibited an iridescence like that of potassium per- 
manganate crystals. On recrystallisation from water, another form is 
at times obtained in dark red octahedra, the composition of which has 
been proved to be identical with that of the needles. The conditions 
necessary to the formation of the octahedra have not, however, been 
thoroughly determined. 

A solution of these crystals does not give at once the usual tests for 
nickel in solution. Sodium hydroxide solution changes the colour toa 
greyish-brown, and nickel hydroxide precipitates only after some time. 
Nickel sulphide also is precipitated very slowly on addition of potassium 
hydrosulphide. Mercuric chloride gives a yellow precipitate, which 
appears to be mercuric dithio-oxalate, leaving nickel in solution. 

These facts suggest that the substance is potassium nickelodithio- 
oxalate, and the structural formula KS:CO-CO-S-Ni:S:CO-CO-SK 
is suggested : 
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0°2097 gave 0:0979 CO,. C=12°78. 

0°1974 ‘|, 0°4960 BaSO, S=34-4. 

C,0,8,K,Ni requires C=12°74; S=34°0 per cent. 

It is probable that those metals (iron and cobalt) which give similar 
colorations with potassium dithio-oxalate form compounds of the 
same type. ‘These, however, are very soluble, and do not crystallise so 
well as does the nickel compound. 

The sensitiveness of these colours as tests for the presence in solution 
of iron, nickel, cobalt, or dithio-oxalate was determined. 

The colour effect can be used to detect nickel at a dilution of one 
part of nickel in 40,000,000 of water if sufficient of the solution is 
used to fill a large beaker, and one part in 8,000,000 can be 
detected readily in a test-tube. The colour is about three times as 
intense as that of potassium permanganate, and half as intense as that 
of rosaniline, if the concentrations are calculated weight for weight. 

The cobalt coloration is just as intense as that of nickel, and at a 
dilution of one part of cobalt in 4,000,000 is about identical with the 
colour produced by the addition of potassium thiocyanate to a solution 
of ferric chloride containing one part of iron in 400,000. It will 
therefore be seen that the formation of these colorations constitutes a 
test remarkably delicate in consideration of the fact that they depend 
on the formation of a complex ion in dilute solution. 

The iron coloration was just perceptible at a strength of 1 in 100,000 
of iron, 

The nickel coloration could be detected in a solution of potassium 
dithio-oxalate of the strength of 1 in 100,000. 

The cobalt salt is much more stable than that of nickel. It decom- 
poses on standing in solution much more slowly, and the coloration is 
comparatively little destroyed by the addition of hydrochloric acid or 
potassium cyanide. The nickel coloration, on the other hand, is 
destroyed slowly by dilute hydrochloric acid, but at once by excess of 
concentrated acid. Potassium cyanide also quickly discharges it. 

This fact makes it possible to detect cobalt in a mixture 
containing 10 per cent. of cobalt and 90 per cent. of nickel. On 
adding potassium dithio-oxalate to the solution, a deep purple colora- 
tion is obtained, but on addition of excess of potassium cyanide the 
purple coloration disappears and the solution remains brown. 

It will be seen from statements made above that the presence of 
iron does not interfere with the detection of niekel and cobalt in 
dilute solutions. 

Ammonium dithio-oxalate is prepared by the action of alcoholic 
ammonium hydrosulphide on phenyl dithio-oxalate. It is a crystalline 
solid, which gives the characteristic tests for dithio-oxalates, but is 
decomposed by heating its solution on the water-bath. 
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It may be conveniently mentioned here that, with the preparation 
of the compound C,0, as object, the action of nickel carbonyl on 
oxalyl chloride was examined. When the substances react in the 
liquid state, the evolution of gas is very rapid, and the reaction 
mixture falls in temperature. 

The gas evolved appears to be carbon monoxide, and nickel 
chloride is deposited. This was confirmed by allowing the substances 
to react in the gaseous state. Two bulbs of equal volume, each 
surrounded by a bath and each connected with a mercury manometer, 
were respectively filled with the vapours of nickel carbonyl and oxalyl 
chloride. The bulbs were connected by a tube fitted with a tap, 
which was closed before the bulbs were filled. The pressure in each 
bulb having been noted, the tap was opened, and the gases thus 
allowed to mix. The pressure was read from time to time, until it 
ceased to increase.* 

If the reaction takes place in accordance with the equation 

Ni(CO), + (COCI), = NiCl, + 6CO, 
the final pressure will be three times as great as the initial pressure. 
Two experiments, in which the following results were obtained, may 
be quoted as typical : 
Pressure of Pressure of 
vapour of Ni(CO);. vapour of (COC]),. Final pressure. 
34 mm. 39 mm. 109 mm. 
52; oe 158 ,, 

Thus it seems that the above equation represents the course of the 
reaction, and hence it may be concluded that the C,0, formed 
momentarily is so unstable that it at once decomposes to give two 
molecules of carbon monoxide in the cold. 

The colour and other optical properties of the compounds here 
described and of other sulphur compounds are being investigated. 


The expenses of this investigation were partly defrayed by a grant 
from the Government Grant Committee of the Royal Society, for 
which the authors are glad to make this grateful acknowledgment. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. 


* This apparatus is convenient for the investigation of reactions between vapours, 
and will be described more fully in another communication. 


VOL, XCV. 
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CCXII.—The Action of Mercaptans on Acid Chlorides. 
Part II. The Acid Chlorides of Phosphorus, 
Sulphur, and Nitrogen. 


By Husert Sanperson Tasker and Humpurey Owen JoNEs. 


Tue presence of phosphorus trichloride and phosphoryl chloride in 
crude oxalyl chloride resulted, as has been shown in the preceding 
paper, in the formation of triphenyl trithiophosphite and triphenyl 
trithiophosphate when the liquid was allowed to react with sodium 
phenylmercaptide. 

Schwarze (J. pr. Chem., 1874, [ii], 10, 222) claimed that he 
obtained triphenyl trithiophosphate by the action of phosphoryl 
chloride on phenyl mercaptan, ascribing to it the melting point 72°. 

Michaelis (Ber., 1907, 40, 3419) has investigated the properties 
of triphenyl trithiophosphite and triphenyl trithiophosphate, and 
finds that their melting points are 77° and 115° respectively. He 
suggests that Schwarze’s product was merely phenyl disulphide. 
If this be so, as is improbable, for the melting point of phenyl 
disulphide is 61°, it becomes likely that the reaction may give an 
interesting reduction product of phosphoryl chloride, thus: 

POCI, + 2C,H;-SH = POC1+ (C,H;°S).+ 2HCI. 

This point has been investigated, and results seem to show that 
Michaelis’s surmise was incorrect, although his general results were 
confirmed. Incidentally, it was found that triphenyl trithiophosphite 
can be oxidised to triphenyl trithiophosphate by potassium di- 
chromate and sulphuric acid, or by nitric acid. It forms no 
additive product with methyl iodide or hydrogen chloride. The 
interaction of phenyl mercaptan and phosphoryl chloride in mole- 
cular proportions at 100° resulted in the production of a mixture 
of triphenyl trithiophosphate and phenyl disulphide. The two 
products could be completely separated by crystallisation from 
alcohol. All attempts to isolate the hypothetical compound POC] 
failed, and it is probable that phenyl disulphide is formed in the 
reduction of phosphoryl chloride to phosphorus trichloride, thus: 

POC], + 2C,H;*SH = H,O + PCl,; + (CgH;°S)>. 

The water would then form phosphoric acid with the excess of 
phosphoryl chloride, and the phosphorus trichloride would probably 
be carried off at the temperature of the reaction in the streams of 
hydrogen chloride which are evolved. 

It thus seems probable that Schwarze’s compound was tripheny] 
trithiophosphate, as his analyses go to prove, the low melting point 
being accounted for by the contamination with phenyl disulphide. 
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The Acid Chlorides of Sulphur. 


Holmberg (Annalen, 1908, 359, 81) has stated that sulphuryl 
chloride reacts with alkyl mercaptans to give the corresponding 
alkyl disulphide, sulphur dioxide, and hydrogen chloride, thus: 


This result has been confirmed for phenyl mercaptan. By using 
lead phenylmercaptide, however, or phenyl mercaptan in ethereal 
solution, evidence was obtained for the transitory existence of an 
unstable phenyl dithiosulphate. 

Sulphuryl] chloride in ethereal solution was added to lead phenyl- 
mercaptide at the ordinary temperature. Sulphur dioxide was 
evolved at once, and the residue was found to consist of lead 
chloride and phenyl disulphide. 

When, however, the reaction was carried out in a freezing 
mixture, the formation of lead chloride was detected by the change 
in colour of the lead phenylmercaptide, but the solution became 
reddish-yellow, and no gas was evolved. On warming the solution, 
however, or allowing it to evaporate, the colour disappeared, sulphur 
dioxide and phenyl disulphide being obtained. 

There seems little doubt that phenyl dithiosulphate is formed 
in solution, but it was found impossible to isolate it. The reaction 
could then be represented thus: 

SO,Cl, + Pb(S°C,H;). = PbCl, + SO,(S°C,H;)o. 
S0,(S°C,H;)2= SO, + (S°C,H;)o. 

The behaviour was similar when an ethereal solution of phenyl 
mercaptan reacted with sulphuryl chloride at low temperatures. 

These considerations made the study of the behaviour of thionyl 
chloride with phenyl mercaptan and its derivatives one of especial 
interest, for an analogous reaction might be expected to give rise 
to a new oxide of sulphur, SO, thus: 

SOCI, + 2C,H,;"SH = SO(S-C,H;). + 2HCI. 
$0(S°C,H;),=SO + (S°C,H;)o. 

The expectation, too, was strengthened by the fact that a similar 
but paler transient colour was noticed when phenyl mercaptan or 
lead phenylmercaptide was allowed to react with thionyl chloride 
in ethereal solution at a low temperature. 

The gaseous products of the reaction were therefore subjected 
to examination. 

One gram-molecule of thionyl chloride was allowed to react with 
two of phenyl mercaptan at 0° or at other temperatures down to 
—70°, and the gases evolved were swept by means of a stream of 

6 K 2 
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dry hydrogen through (J-tubes cooled to —70°, so that the gases 
might be liquefied. 

Hydrogen chloride was obtained, and sulphur dioxide was 
detected in large quantity, both by its odour and by its boiling 
point. This indicated that the decomposition of thionyl chloride 
involves the participation of more than one molecule, and the 
simplest hypotheses for the reaction become : 

(1) 4C,H;"SH + 2SOCl, = 4HCl1+ 2(C,H;°S),+S0,+8 
and 
(2) 6C,H;*SH + 38OCl, = 6HCl1+ 3(C,H;°S). + SO, + 8,0. 

The latter hypothesis would involve the formation of another new 
oxide of sulphur, §,0. 

The reduction of thionyl chloride by nickel carbonyl was found 
to throw light on the problem by analogy. These substances 
interact vigorously in the cold; sulphur dioxide and carbon 
monoxide are evolved, and a brown mass remains which consists 
of nickel chloride and sulphur—it being possible to extract the 
latter by solution in carbon disulphide. The reaction, although 
so vigorous, lowered, the temperature of the reaction mixture. 

It was found impossible, however, in the case of the reaction with 
phenyl mercaptan to extract sulphur from the residue. 

It was therefore decided to collect the gases evolved, and to 
determine their total acidity, and also the extent to which they 
could reduce iodine. 

4°1 Grams of thionyl chloride were allowed to react with 7°3 
grams of phenyl mercaptan in a distilling flask at a low tem- 
perature. The gases evolved were swept by means of a stream 
of dry hydrogen through an empty wash-bottle and two U-tubes 
into 200 c.c. of V-sodium hydroxide solution. 

It was possible, by surrounding the U-tubes with freezing 
mixtures, to estimate approximately the boiling points of the gases 
evolved. 

When violent reaction had ceased, the temperature of the reaction 
flask was raised until the residue melted and ceased to evolve gas. 
The residue at 60° was a clear, yellow liquid, which deposited 
phenyl disulphide on cooling. This could be collected, and the 
viscous liquid so obtained continued for some time to deposit small 
quantities of phenyl disulphide. 

In addition to this yellow oil and phenyl disulphide, there 
appeared drops of a less dense and more mobile liquid, which 
was identified as water by the coloration of anhydrous copper 
sulphate and by its action on sodium. It seemed to be a product 
of the reaction, for it invariably appeared in spite of special 
precautions which were taken to dry the hydrogen used. Its 
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amount could not be estimated, owing to the small quantity formed, 
and the large excess of the other residual products. 

By cooling the UJ-tubes, hydrogen chloride and sulphur dioxide 
were identified by their boiling points, but there was no evidence 
of any other volatile product boiling above —70°. 

The sodium hydroxide solution was titrated first with V /10-sul- 
phuric acid, and then with /10-silver nitrate, to determine the 
amount of hydrogen chloride evolved. Sulphur dioxide was 
estimated by titration of the neutral solution with standard iodine 
solution. 

Two experiments were made, and the quantity of hydrogen 
chloride estimated differed by only 2 per cent., showing that the 
gases were thoroughly swept out of the apparatus. As a mean 
of the two experiments, 2°55 grams of hydrogen chloride and 0°777 
gram of sulphur dioxide were produced by the interaction of 4°1 
grams of thionyl chloride and 7°3 grams of phenyl mercaptan. 

The first hypothetical equation demands 2°45 grams of hydrogen 
chloride and 1°06 grams of sulphur dioxide, whilst the second 
requires 2°45 grams of hydrogen chloride and 0°71 gram of sulphur 
dioxide. 

Low, rather than high, readings would be expected, and the fact 
that the sulphur dioxide results are relatively high tends to dis- 
countenance the validity of the second equation. 

In these equations, too, the possible presence and volatility of 
the compound 8,0 has been ignored. Its presence would be 
expected at least to double the power of the products to reduce 
iodine, so that the observed reading would fall very far short of 
that required. 

Nor did the solution on qualitative examination show any 
evidence for the existence in it of a salt corresponding with a new 
oxide of sulphur. 

Examination of the residual mass gave further evidence in 
support of the first equation. 

The liquid obtained after collecting the phenyl disulphide which 
separated was distilled under diminished pressure. Between 180° 
and 220°/10 mm. phenyl disulphide distilled over, and an amor- 
phous, sticky, brown mass remained behind. Phenyl disulphide, 
when distilled alone, does not decompose, and leaves no residue. 

Analyses of two specimens of the liquid gave the following 
results : 

0°2203 gave 0°4005 CO, and 0°0710 H,O. C=49°57; H=3°3. 

0°2112 ,, 0°3890 CO, ,, 0°0650 H,O. C=50°0; H=3°42. 

(CgH;).S, requires C=51'1; H=3°55 per cent. 
(CoH;).83  ,, C=576; H=4°0 i 
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It seemed probable that the liquid is either phenyl tetra- 
sulphide which still holds a little phenyl disulphide in solution, or 
else a difficultly crystallisable solution of sulphur in phenyl di- 
sulphide. 

Phenyl tetrasulphide is described as a viscid, yellow oi], which 
decomposes on distillation into sulphur and phenyl disulphide. 
The properties of the oil obtained closely correspond with these. 

A solution of sulphur in phenyl disulphide in the proportions 
corresponding with (C,H;).S, was prepared. It solidified, on 
cooling, to a hard, cream-coloured mass, the appearance of which 
had nothing in common with that of the liquid obtained from the 
reaction. 

Thus an equation can be written to include the phenyl tetra- 
sulphide which seems to be formed: 

8C,H;*SH + 4SOCI, = 8HC1+ 280, + 3(C,H;°S). + (CgH;)o8,. 

In support of this, it was found that 14°6 grams of phenyl 
mercaptan and 8 grams of thionyl chloride produced 10°65 grams 
of phenyl disulphide, whilst the above equation requires 11°27 
grams. 

Thus the equation represents the reaction fairly well, except for 
the water, a small quantity of which is invariably formed. 

At this point our attention was drawn to a statement by 
Holmberg (/oc. cit.), to the effect that alkyl mercaptans react with 
thionyl chloride in accordance with the general equation: 

4RSH + SOCI, = R,S, + R,8,+ HO + 2HCl. 


This hypothesis accounts for the formation of water, but takes 
no account of the evolution of sulphur dioxide, and since phenyl 
trisulphide is a solid, it would demand that the residual mass 
should become completely solid at the ordinary temperature. 
Reference to the experiments already quoted suggested that the 
two reactions might proceed simultaneously, for sulphur dioxide 
was always produced in quantity smaller than that required by 
the equation proposed. 

Further experiments were devised to ascertain whether either 
of the two hypotheses correctly represents the reaction under any 
special conditions. 

It will be convenient if the two equations be henceforth referred 
to as A and B, thus: 

(A) 8C,H;°SH + 4S8O0Cl, = 8HCl + 280, + 3(C,H;"S). + (CgH;)o8,. 

(B) 4C,H;°SH + SOCI, = (C,H;°S). + (CsH;)283 + H,O + 2HCL. 

A weighed quantity of thionyl chloride was allowed to react 
with an excess of lead phenylmercaptide in a U-tube. A continual 
stream of dry air, freed from carbon dioxide, swept the gases 


ee a OL lll CU 


MERCAPTANS ON ACID CHLORIDES. PART II. 1915 


evolved into a measured volume of standard sodium hydroxide 
solution. After sweeping with air for eight hours, it was found that 
no more gas was absorbed by the alkali. The sodium hydroxide 
solution was neutralised and titrated with standard iodine to 
estimate the sulphur dioxide, when it was found that 1°955 grams 
of thionyl chloride gave 0°473 gram of sulphur dioxide. If thionyl 
chloride is decomposed in accordance with equation A, 0°526 gram 
of sulphur dioxide should be evolved. In this case, by the use 
of a metallic derivative of phenyl mercaptan, the formation of 
water as demanded by equation B was prevented.. The satisfactory 
agreement obtained (considering the nature of the experiment) 
indicates that in this case a modification of equation A would 
adequately represent the reaction. 

Unfortunately, an experiment of similar nature with phenyl 
mercaptan itself, in place of the lead derivative, was found to be 
impracticable, for the stream of air carries over into the sodium 
hydroxide considerable quantities of that one of the reactive 
liquids which happens to be present in excess. Another method 
was therefore devised. 

The hydrogen chloride and sulphur dioxide produced were 
estimated by heating the total products of the reaction with a 
measured excess of standard alkali and by titration of the solution 
obtained. The two liquids were weighed, and the effect of an 
excess of either on the titrations was allowed for. 

The suitability of the method for discrimination between 
equations A and B depends on the proportions of the reacting 
substances used. The proportion of 8 gram-molecules of pheny! 
mercaptan to 4 gram-molecules of thionyl chloride demands, 
according to A, 12 equivalents of alkali and 4 equivalents of 
iodine, and exactly the same quantities are required according 
to B. Thus, if the substances are used in this proportion, no 
discriminative result will be obtained. A more decisive result 
can be obtained by using 16 gram-molecules of phenyl mercaptan 
to 4 of thionyl chloride. Equation A will then require 20 equi- 
valents of alkali and 12 of iodine (one gram-molecule of phenyl 
mercaptan neutralises one gram-molecule of sodium hydroxide, 
and reduces one gram-atom of iodine), whilst B will require 8 
equivalents of alkali and no iodine. 

This was the proportion used in the experiments. Standard 
solutions of phenyl mercaptan and of thionyl chloride in dry ether 
were made. The required volume of each was measured into a 
stoppered bottle, and the bottle was shaken from time to time. A 
measured excess of V-sodium hydroxide solution was then added, and, 
after further shaking, the whole was titrated, first with acid, and then 
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with iodine. Preliminary experiments proved that the titrations 
were sufficiently accurate under these conditions. Two experiments 
may be quoted to illustrate the results obtained. 
Thionyl Phenyl 
chloride, mercaptan, Equation A Equation B 
gram. gram. Readings. requires requires 


0°178 0°664 ‘lc.e, N-alkali 75 Ge. 3°0 ce. 
*477 gram iodine 0°573 gram — 


7 
0°4 

0171 0°632 5°8 c.c. N-alkali 7°15 c.c. 2°85 c.c. 
0°395 gram iodine 0°545 gram 


These results seem to indicate that both reactions, represented 
by equations A and B, take place simultaneously. 

In order to carry out the same type of experiment, using the 
pure substances instead of the ethereal solutions, a special device 
was adopted. 

One of the substances was weighed into a large flask fitted with 
two tap funnels, one small and the other large. The small funnel, 
containing about the right amount of the other substance, was 
weighed before the reaction, and weighed again when the reaction 
was over and the liquid had been allowed to enter the flask. The 
large funnel contained 100 c.c. of V-sodium hydroxide solution. 
The liquid in the small funnel was allowed to run by small 
instalments into the flask, the evolved gases being allowed to 
escape through the alkali in the large funnel so as to absorb all 
the hydrogen chloride and sulphur dioxide. 

The pressure in the flask was easily regulated by heating and 
cooling. The reaction being quite finished, the sodium hydroxide 
solution was allowed to run into the flask, and the contents were 
shaken. The solution was then filtered through glass wool, made 
up to 200 or 250 c.c., and titrated with acid and iodine. 

The results obtained are expressed, as before, in grams of iodine 
required to oxidise the sulphur dioxide and phenyl mercaptan 
and in c.c. of V-acid required to neutralise the sulphur dioxide, 
phenyl mercaptan, and hydrogen chloride produced. The 
theoretical amounts are calculated by finding the amount of alkali 

Thionyl Phenyl 
chloride, mercaptan, Equation 4 Equation B 
grams. grams. Readings. requires requires 


1°984 1°742 4°8 c.c. N-alkali 59°0 c.c. 58°8 c.c. 
‘51 grams iodine 3°652 grams 3°23 grams 


‘4 c.c. N-alkali 38°4 c.c. 16°3 ¢.c. 


5 
2 
0'878 : 2 
1°13 grams iodine 2°99 grams  0°205 gram 


2°75 grams iodine 3°6 grams 1°5 grams 
25°0 c.c. N-alkali 41°5 c.e. 17°1 e.e. 
0°85 gram iodine 3‘ll grams 0°04 gram 


2 

7 
59°5 c.c. N-alkali 68°2 c.c. 48°6 c.c. 
7 

5 
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or iodine required by the reaction products (the reaction is assumed 
to use up the substance not present in excess), and by adding to 
these values the amounts required by the excess of the other 
reacting substance. 

The first experiment serves to show the limited accuracy of the 
method, the calculated results being about the same for each 
equation. 

In the other cases, the observed value is always intermediate 
between the two calculated values, and if a rough correction be 
made for the losses as observed in experiment 1, the experimental 
values are found to give the balance of evidence in favour of 
equation A. 

In experiments 2 and 4, the proportions taken are about those 
demanded for equation B, and in these cases the reaction seems 
to follow this equation to a greater extent than in 3, where there 
is a larger proportional amount of thionyl chloride. 

It is unfortunate that the addition of a further amount of 
thionyl chloride renders the method no longer discriminative. 

It must be concluded that the two different reactions take place 
simultaneously. The proportions in which the reacting substances 
are present may be one of the factors which determine the ratio 
of the extents to which the two reactions proceed. 


Nitrosyl Chloride. 


The behaviour of nitrosyl chloride with mercaptans is apparently 
analogous to that of sulphuryl chloride. 

When nitrosyl chloride is passed into phenyl mercaptan, the 
liquid turns port-wine red, and hydrogen chloride is evolved. The 
nitrosyl chloride is completely absorbed by the mercaptan, but the 
coloured liquid rapidly evolves nitric oxide. If the introduction 
of nitrosyl chloride is stopped, the colour gradually disappears with 
slower and slower evolution of nitric oxide, and phenyl disulphide 
finally separates out. 

It would thus appear that the coloured and unstable phenyl 
thionitrite is formed in solution, and that this decomposes to give 
the’ final products of the reaction, thus: 


C,H, SH + NOCI=HCl+C,H,SNO (unstable). 


It is, however, possible that the colour may be due to a direct 
additive product of phenyl mercaptan and nitrosyl chloride. To 
test this, nitrosyl chloride was allowed to react with an ethereal 
suspension of lead phenylmercaptide. The red colour was again 
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produced, and lead chloride was left in suspension. Thus, a 
compound such as 

H 

C,H,*S:N:0 

Cl 

cannot be responsible for the colour of the solution. 
The unstable, intermediate product may be preserved some time 

if the solution is kept at a low temperature, but all attempts to 


isolate it failed. 
The corresponding ethyl and methyl compounds were obtained 


in solution. 

On passing nitrosyl chloride into an ethereal suspension of 
mercury methylmercaptide, Hg(S:CH;),, the liquid became 
brownish-pink, and mercuric chloride was formed. The colour 
rapidly disappeared on standing and nitric oxide was evolved. 

This behaviour is quite analogous to that observed in the case 
of lead phenylmercaptide. 

The action of ethyl mercaptan on nitrosyl chloride at a low 
temperature resulted at first quite normally in the formation of a 
magnificent cherry-red colour, and in the evolution of hydrogen 
chloride. The red colour eventually disappeared with evolution of 
nitric oxide. In a freezing mixture of solid carbon dioxide dis- 
solved in ether, however, a white, crystalline solid was deposited in 
small quantity. This was separated from the solution and re- 
crystallised from alcohol. It was eventually identified as hydroxy]l- 
amine hydrochloride, and must be the product of a side-reaction 
involving the reduction of the nitrosyl chloride. 

The unstable, coloured thionitrites show two absorption bands, 
one sharply defined and broad in the yellowish-green, and the other 
narrower and diffuse in the green portion of the spectrum. The 
substitution of an alkyl group of high molecular weight for one of 
low molecular weight shifts the bands towards the red end of the 


spectrum. 
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CCXIIL.—Contributions to the Theory of Solutions. 


By Joun Howmes and Puiiip JoHn SAGEMAN. 


Tue nature of the forces operative in solution, and more particularly 
in aqueous solution, has, in recent years, been the subject of much 
experimental investigation on the part of both chemists and 
physicists. A critical survey of the theories which have from 
time to time been put forward to explain the property of solution 
leaves, however, much to be desired, and leads to the conclusion 
that they severally afford only plausible explanations for a narrow 
circle of phenomena, and are incapable of general application. 

Of these theories, the two which are by far the most important 
are the ‘“ Hydrate theory,” first promulgated by Mendeléeff, and 
the “ Dissociation theory” of Arrhenius. 

Mendeléeff attempted to explain the phenomena peculiar to 
aqueous solutions by the production and subsequent dissociation of 
hydrates at different concentrations. With the advent of cryoscopic 
methods of determining molecular weights, and the interpretation of 
the results of electrical conductivity experiments by Arrhenius, 
the “ Hydrate theory ” fell for a time into disrepute, but recently 
it has in a modified form received such support that Findlay 
(Ann. Reports, 1907, 4, 21) states that “ hydrate formation is now 
accepted probably by the majority of physical chemists.” 

Solution in water, therefore, which almost invariably results in 
a marked contraction in volume, is generally regarded as being of 
the nature of combination, and hydration of the molecules of the 
dissolved substance increases with the dilution (Jones and Uhler, 
Amer. Chem. J., 1907, 37, 126, 244). 

The endeavours of the many investigators in this field are far 
from conclusive, however, regarding the existence of such complexes, 
and much contradictory evidence from widely different sources is 
forthcoming in this connexion. For instance, Morse, Frazer, and 
Lovelace (Amer. Chem. J., 1907, 3'7, 360) conclude, from cryoscopic 
work on aqueous dextrose solutions, that, even at the freezing point, 
dextrose exists in the anhydrous condition, and does not combine 
with the solvent. Kremann and Kerschbaum (Monatsh., 1907, 28, 
911), from a consideration of the specific heat of the mixture 
H,SO,—H,O on cooling through a wide range of temperature, 
conclude that the heat developed on mixing must be ascribed to 
other causes than to the formation of a hydrate of sulphuric acid. 
Similar conclusions are drawn in the case of sodium sulphate in 
aqueous solution by Marie and Marquis (Compt. rend., 1903, 186, 
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684) from the continuous solubility curves given by solutions of 
sodium chloride in aqueous sodium stlphate at temperatures 
including the transition temperatures of crystallised sodium sulphate 
in water and in sodium chloride solutions. Perman also deduces 
the non-existence of hydrated complexes in aqueous solutions of 
sodium sulphate and potassium sulphate from the results of 
experiments on the influence of these salts on the vapour pressure 
of aqueous ammonia solutions (Trans., 1902, 81, 489). 

Apart from such anomalies, however, a hydrate theory affords 
but little assistance in explaining the varied properties of other 
than aqueous mixtures, which represent only one branch of the 
problem of solution, and in order to arrive at a better under- 
standing of these forces, it is necessary to seek other explanations 
of the same phenomena. 

According to Arrhenius (Zeitsch. physikal. Chem., 1887, 1, 631), 
the molecular condition of a dissolved salt must be regarded as 
that of a more or less dissociated substance, and the properties of 
salt solutions are considered to be consistent with the presence of 
free ions. The molecular conductivity of such solutions increases 
with the dilution, and, according to this theory, the degree of 
dissociation can be calculated from the electrical conductivity or 
the results of cryoscopic molecular weight determinations. 
Arrhenius’s theory has been subjected to; much adverse criticism 
in recent years, and many experimental results are deemed 
irreconcilable with the theory of ionic dissociation (see Kahlenberg, 
J. Physical Chem., 1901, 5, 339, and Trans. Faraday Soc., 1905, 1, 
42; Armstrong, Proc. Roy. Soc., 1907, A, 79, 586; 1908, A, 81, 80; 
Lincoln, J. Physical Chem., 1899, 3, 457; and others). The most 
important objection to the theory is its failure to interpret the 
case of concentrated solutions, together with the fact that it is 
untenable in the case of non-aqueous mixtures. 

It may not be permissible to apply the laws which are valid for 
gases to non-gaseous substances, but there is no reason for assuming 
that the forces which determine the coherence of the molecule in 
the several states of aggregation differ otherwise than in degree. 
Under constant conditions of temperature and pressure, and in 
the absence of chemical change, the gaseous molecule retains its 
individuality when mixed with other gaseous molecules, and the 
breaking down of molecular complexes and ionic dissociation on 
admixture in this the simplest state of aggregation are equally 
unnecessary for the explanation of gaseous phenomena. 

According to the electrical theory of the constitution of matter, 
the atom is never electrically neutral, and the phenomena apper- 
taining to electrically charged bodies may be expected to occur 
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between the nuclei of different atoms. In these circumstances, the 
molecule, which is a congeries of such atoms, must also be elec- 
trically active, and may be regarded as consisting of a nucleus of 
great density, in which the atoms composing the molecule are 
swayed and controlled with mathematical precision in their several 
orbits according to the intensity of their respective electrical 
charges; the resultant of these several interacting forces would, in 
the case of similar molecules, create an atmosphere or sphere of 
influence (the molecular co-volume of Traube, Ber., 1907, 40, 723, 
736), the extent of which will depend on the magnitude of the 
resultant, and the consequent repulsive force operative between 
adjacent envelopes. It is reasonable to suppose that the equilibrium 
thus determined would remain constant under similar conditions, 
but at once be disturbed by admixture with molecules of different 
electrical constitution, and possessing maybe a greater or less 
sphere of influence. If the attractive force between different 
molecules in a mixture is so great as to cause the rupture of the 
intervening envelopes, a molecule with wholly different properties 
will be formed, whose sphere of activity will be dependent on the 
latent resultant force of the new atomic arrangement, but so long 
as no chemical change occurs, the molecules in a mixture may be 
expected to retain their respective individualities—the only change 
consequent on mixing being an increase or decrease in the initial 
volumes resulting from the new conditions of equilibrium neces- 
sitated by the interaction of differently electrified bodies, and a 
readjustment of the dimensions of the interspaces. 

In the gaseous state of aggregation, the individual molecules are 
so far removed from the sphere of action of their neighbours that 
they are scarcely influenced by molecular forces, and obey the 
general laws of mechanics. Gases alone, for instance, possess the 
property of unlimited intermiscibility, and the physical properties 
of a gaseous mixture can be deduced within a near approach to 
accuracy from the properties of the several ingredients. The 
gaseous laws are, however, only approximate, and the pressure 
exerted by a gaseous mixture does not always rigidly accord with 
the sum of the initial pressures. 

It is common knowledge, however, that in the case of liquids 
and solutions there is associated with the intermingling a change in 
the properties belonging to the constituents of the mixture, and 
not only does the volume of the mixture invariably differ from the 
sum of the initial volumes, but the specific rotation, specific heat, 
refractive index, and other physical properties are not strictly 
additive. The change in volume is perhaps capable of deter- 
mination with greater precision than is the case with other physical 
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properties, and it is from a study of these deviations from simple 
additive relations that we hope to gain information concerning the 
nature of the forces operative in solution, and the correlation of 
physical properties with molecular structure. 

The importance of change in volume in this connexion was noticed 
as long ago as 1865 by Bussy and Buignet (Ann. Chim. Phys., [iv], 
4, 5), and they record the fact that the mixing of liquids results in 
both volumetric and temperature changes, which may be positive 
or negative according to the nature of the constituents of the 
mixture. Various mixtures of liquids have been investigated by 
Brown (Trans., 1881, 39, 202), Guthrie (Phil. Mag., 1884, [v], 18, 
495), Linebarger (Amer. J. Sct., 1896, [iv], 2, 226; see also Amer. 
Chem. J., 1896, 18, 440), Thorpe and Rodger (Trans., 1897, 71, 
367), and others, but apart from the fact that certain forces are 
operative between heterogeneous molecules, no definite conclusions 
have been drawn regarding the nature or magnitude of these forces. 
It is evident, however, from the experimental results that the 
molecules which make up the mass of a substance in the liquid 
state are capable of occupying a different volume, and as regards 
their mean distances from each other are in a position of relative 
equilibrium liable to change when the forces which influence them 
change. 

The behaviour of acetone and m-propyl alcohol in aqueous 
solution affords important evidence in this direction. There is 
reason to believe that these liquids are similarly associated 
(see Trans., 1906, 89, 1781), and have in consequence almost 
identical molecular weights and molecular volumes. In _ these 
circumstances, ‘f the volumetric changes were conditioned only by 
an adjustment of spacing due to differences in the volumes of the 
respective molecules, it would be expected that the change in 
volume occurring in aqueous mixtures of these liquids would be 
of the same magnitude. The fact that acetone yields with water 
a contraction in volume in amount almost twice that obtained in 
corresponding mixtures of n-propyl alcohol proves, if we admit 
similar association, that not only do intermolecular spaces exist, 
but that each molecule contains a fixed amount of electrical energy, 
or is subject to some combination of circumstances which assumes 
all the appearances of electrical energy. 

A theory regarding the condition of substances in solution as a 
regular arrangement of molecules in a comparative state of rest, 
each possessing within its sphere of activity latent positive and 
negative electrical affinities, was first promulgated by Grotthiiss to 
explain the phenomena of electrolysis. The complete abandon- 
ment of this theory, and also of the electrochemical theory of 
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Berzelius, by chemists renders a reintroduction of similar hypotheses 
difficult, and justifiable only in so far as they are capable of 
affording explanations of common phenomena which are not forth- 
coming in the case of existing theories. 

Our present object is to develop, in the direction already 
indicated, the electrical theory of matter as applied to the liquid 
state of aggregation, and endeavour to establish the entity of 
the liquid molecule under normal conditions. 


Volume Changes Accompanying Chemical Change. 


Before proceeding to a consideration of the forces operative in 
mixtures of liquids, it seemed desirable further to investigate (see 
Trans., 1907, 91, 1608) the nature of the volumetric changes 
occurring in aqueous mixtures in which these changes can be 
referred to the action of chemical forces. 

According to the electrical theory of the nature of the molecule, 
the volume change can no longer be attributed to forces inherent 
in the molecules of the initial constituents of the mixture, but 
will be dependent on the physical nature and behaviour of the 
compounds formed. When an alkali is neutralised by an acid, for 
instance, the resulting volume of the mixture is conditioned only 


by the solution volume of the resulting salt, and this change may 


be positive or negative according to the nature of the salt. It 
is found that, although the admixture in aqueous solution of many 
acids, such as sulphuric acid, phosphoric acid, and oxalic acid, 
with their salts, results in a marked change in volume, the corre- 
sponding change occurring when the same salts are mixed with 
the basic hydrates is so small as to be negligible, in comparison 
with the relatively large volumetric changes obtained on 
neutralisation. 

The following mixtures were made with the object of ascer- 
taining the nature of the change in volume resulting from a 
gradual neutralising of basic hydrates with various acids in dilute 
aqueous solution. The densities of the different solutions and 
mixtures were determined at 15°/15° in a pyknometer having a 
capacity of about 70 c.c., and the change in volume is calculated 
from the several weights and densities. 
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(i) Mixtures of Aqueous Sodium Hydroxide and Sulphuric Acid 
(approx. normal). 


Density of sodium hydroxide solution = 1°04376. 
FA sulphuric acid o» =P Osaes. 


Equivalent volumes 100NaQH aq. : 100H.SO, aq. 


Volume of sodium Volume of sulphuric Increase in 
hydroxide solution. acid solution. volume after mixing. 
100 16°50 +0°195 
100 20°22 0°239 
100 33°02 0-390 
100 49°50 0°589 
106 81°12 0°973 
100 99°26 1°198 
100 198 °96 1°518 


(ii) Mirtures of Aqueous Potassium Hydroxide and Hydrochloric 
Acid (approx. normal). 


Density of potassium hydroxide solution = 1°05001. 
me hydrochloric acid < = 1°01793. 


Equivalent volumes 100KOH ay. : 100HCI ag. 


Volume of Volume of 
potassium hydrochloric Increase in 
lhiydroxide solution. acid solution. volume after mixing. 
100 16°75 
100 33°16 
100 66°90 
100 100°46 
100 150°40 


(iii) Aiatures of Aqueous Ammonia and Hydrochloric Acid 
(approx. normal). 


Density of ammonia solution = 0°99270. 
aa hydrochloric acid ,, =1°01794. 


Equivalent volumes 100NH, aq. : 100HCI aq. 


Volume of Volume of hydrochloric Decrease in 
ammonia solution. acid solution. volume after mixing. 
100 19°12 — 6°123 
100 33°44 0°215 
100 66°68 0°431 
100 100°09 0°644 
100 150°40 0°644 


CONTRIBUTIONS TO THE THEORY OF SOLUTIONS. 1925 


(iv) Mixtures of Aqueous Bariwm Hydroxide and Hydrochloric 
Acid (approx. 3/10-normal). 


Density of barium hydroxide solution =1°02840. 
BS hydrochloric acid »» =1°00555. 


Equivalent volumes 100Ba(OH), aq. : 100HC! aq. 


Volume of — Velume of hydrochloric Increase in 
barium hydroxide solution. acid solution. volume after mixing. 
100 16°72 +0°101 
100 33°41 0°204 
100 66°36 0°404 
100 99°97 0°6138 
100 150°24 0°616 


(v) Mixtures of Aqueous Sodium Hydroxide and Acetic Acid 
(approx. normal). 


Density of sodium hydroxide solution = 1°04377. 
a acetic acid » =21°00008. 


Equivalent volumes 100NaOH aq. : 99°2C,H,O, aq. 


Volume of sodium Volume of acetic Increase in 
hydroxide solution. . acid solution. volume after mixing. 
100 17°02 +0°157 
100 33°87 0°329 
100 67°01 0°659 
100 100°95 1°007 
100 150°41 1°601 


(vi) Miztures of Aqueous Sodium Hydroxide and Tartaric Acid 
(approx. normal). 


Deusity of sodium hydroxide solution = 1°04376. 
», _ tartaric acid »»  =1°03391. 


Equivalent volumes 100NaOH ag. : 100°4C,H,O, aq. 


Volume of sodium = Volume of tartaric Increase in 
hydroxide solution. acid solution. volume after mixing. 
100 17°30 +0°160 
100 33°70 0°313 
100 67 ‘56 0°641 
100 101°30 0°974 
100 151°50 1°016 


(vii) Mixtures of Aqueous Sodium Hydroxide and Oxalie Acid. 


Density of sodium hydroxide solution = 1°04376. 
(a. ) 5 oxalic acid 53 = 1°O3621. 


Equivalent volumes 100NaOH aq. : 82°5H,C,0, aq. 


Volume of sodium Volume of oxalic Increase in 
hydroxide solution. acid solution. volume after mixing. 
100 20°74 +0°251 
100 41°08 0°502 
100 81°93 17014 
100 101°25 1°150 
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(vii) Mixtures of Aqueous Sodium Hydroxide and Oxalic Acid 
(continued). | 


(8.) Density of oxalic acid solution=1°01756. 
Equivalent volumes 100NaOH aq. : 125H,C,0, aq. 


Volume of sodium Volume of oxalic Increase in 
hydroxide solution. acid solution. volume after mixing. 
100 21°34 +0°160 
100 42°01 0°324 
100 83°89 0°667 
100 126 °57 1°014 
100 189°69 1°307 


Fie. 1. 


Volume change. 


100 


Volume of acid solution added to 100 volumes of basic solution. 


From the graphical representation of these results (Fig. 1) it is 
evident that the change in volume produced on neutralising a base 
with an acid is directly proportional to the quantity of salt formed. 
The view that this increase or decrease in volume is conditioned 
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by the solution volume of the salt is supported by the fact that, 
within wide limits, the volume change is independent of concen- 
tration. For instance, in the case of mixtures of J-sodium 
hydroxide with oxalic acid solutions of different strengths, prac- 
tically the same increase in volume is obtained in corresponding 
molecular mixtures in the two sets of experiments (see Fig. 1). 
The same applies to other mixtures, and might be deduced from 
the fact that the solution volume of salts in water changes but 
little with the concentration. 

When excess of acid is present, the volume change depends on 
the nature of the acid. Secondary interactions occur, as we know, 
in mixtures of sulphuric acid and oxalic acid with their salts 
in aqueous solution, and these are represented by curves differing 
in slope beyond the point of neutralisation according to the degree 
of physical change. When no physical interaction takes place 
between the acid and its salts, the change in volume beyond the 
point of neutralisation must be represented by a line parallel to 
the base line. This is exemplified in aqueous mixtures of bases 
with hydrochloric acid, and we should expect that mixtures of 
hydrochloric acid with its salts would, under these conditions, give 
no volume change. 

The following mixtures were made in order to verify this 
conclusion : 


Miztures of Sodium Chloride and Hydrochloric Acid in Aqueous 
Solution. 


Density of hydrochloric acid solution = 1°09372. 
(a.) e sodium chloride ee) 


Equimolecular volumes (gaseous) 100NaCl aq. : 60°4HCI aq. 


Volume of 

liydrochloric acid solution mixed with Change 
100 volumes of sodium chloride solution. in volume. 

7°69 +0°02 

14°93 +0°01 

20 18 0°00 

30°36 0:00 

60°70 —0°01 

121°43 — 0°02 


(8.) Density of sodium chloride solution = 1°06874. 
Equimolecular volumes (gaseous) 100NaCl aq. : 30°7HCl aq. 


5°26 0 00 
10°12 0°00 
15°43 0°00 
80°72 —0°01 
61°58 — 0°02 


It is difficult to see how these simple facts of solution are to be 


explained on the assumption of hydrate formation or ionic dis- 
612 
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sociation, or, since the volume change at any degree of dilution 
is dependent on the solution volume of the salt formed, by any 
theory not acknowledging the individuality of the liquid molecule 
under normal conditions. 


Molecular Complexity in the Liquid State. 


In order to form a conception of the equilibrium existing 
between two liquids mutually miscible without change in their 
chemical nature, we may assume the molecules to be severally 
represented by spheres of different degrees of electrification. If 
volume changes were conditioned only by the resultant of the 
quasi-electrical forces inherent in the molecules—acting at a dis- 
tance—the maximum deviation in volume from the theoretical, 
when the number of molecules in a mixture remains constant, 
would occur when they are mixed together in equal proportions, 
and it would be possible to calculate the magnitude of the change 
for other mixtures from the expression : 

€ =a(100-a)X,* 

where “¢” is the change in volume, and “a” the percentage of 
one set of molecules in the mixture. Attention has been drawn 
in previous communications to the influence of the weights and 
volumes of the interacting molecules on this normal change in 
volume at different concentrations, but if we consider only the 
cumulative effect of all physical forces when increasing quantities 
of one set of molecules are added to a fixed number of other 
molecules, it is evident that the resulting physical change, whatever 
its nature, must be capable of representation by an unbroken 
curve. 

The curves shown in Fig. 2 represent the volumetric changes 
which occur on mixing water with sulphuric acid, methyl alcohol, 
and pyridine respectively, and are typical of those obtained in the 
case of aqueous mixtures of inorganic and organic liquids generally. 

The base line represents gram-molecules of water mixed with 
one gram-molecule of each liquid (referred to the gaseous state) 
ander constant conditions of temperature and pressure. 

In arranging the material dealing with this subject, compara- 
tively few cases have been noticed in which the physical changes 
interpreted as above fail to fall on smooth curves, and these have, 
on further investigation, been found to be due to experimental 
errors in the density determinations. Pyridine and water mixtures 
afford a case in point. Dunstan, Thole, and Hunt (Trans., 1907, 


* For the application of this expression to ayueous mixtures, and to mixtures of 
sulphuric acid with its salts, see Trans., 1907, 91, 1606. 
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91, 1728), in the course of an investigation on the viscosity of 
mixtures of these liquids, drew attention to apparent discontinuities 
in the density curve, corresponding with similar discontinuities 
in the viscosity curve, and deduced the existence of certain 
hydrated complexes. More recently, Hartley, Thomas, and 
Applebey (Trans., 1908, 93, 538), while engaged on the same 
mixtures, point out discrepancies in the densities given by Dunstan, 
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Thole, and Hunt, and fail to. verify the discontinuities in question. 
The pyridine-water curve in Fig. 2 represents the physical change 
deduced from Hartley, Thomas, and Applebey’s figures, whilst the 
experimental points of Dunstan, Thole, and Hunt are also given. 
The existence of such discontinuities would at once disprove 
the hypothesis on which we are attempting to explain these physical 
changes, and it is satisfactory to note that a repetition of the work 
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by Dunstan and Thole (Trans., 1908, 98, 561) affords a contraction 
curve which is practically coincident with that of Hartley, Thomas, 
and Applebey. 

An inspection of the above curves indicates that the rate of 
physical change rapidly diminishes when the proportion of water 
molecules (referred to the gaseous state) present in the mixture 
becomes greater than 50 per cent., and it was this circumstance 
which first suggested similar complexity in the case of these 
liquids, and by reason of the disturbing influences of mass and 
volume on the magnitude of the change in volume consequent 
on the existence of intermolecular spaces, subsequently led to the 
method of determining liquid complexities adopted by one of us 
in a previous communication (Holmes, Trans., 1906, 89, 1780), and 
which depends on the apparent maximum change in the volume of 
the constituent of a mixture possessing the greater molecular 
volume. 

If, however, we disregard for a moment the relative masses and 
volumes of the molecules in a mixture, and consider only the effect 
of physical forces acting at a distance, we obtain, by substituting 
different values for ‘““¢”’ in the expression: 


e_ 9B yx 

9 
the following curves of volume change (Fig. 3) when increasing 
quantities (8) of one set of molecules are added to a fixed number 
(a) of the other molecules. 

It is apparent that various means are at our disposal for the 
identification of an experimental curve as one of this order, and 
for fixing the point on the curve corresponding with a mixture of 
equal numbers of molecules. Perhaps the simplest is a graphical 
representation of the volume change plotted on a scale double 
that of the molecular concentration as indicated on the base line, 
when a tangential projection to the curve at this point will make 
an angle of 45° with the ordinate. 

Many mixtures are known which afford curves approximating 
closely to this description, aud those relating to aqueous mixtures 
of methyl alcohol, acetic acid, and pyridine are represented in 
Fig. 4. 

The corresponding curves yielded by other aqueous mixtures are 
very similar in character, and add weight to our previous deduc- 
tions regarding the absence of hydrate formation in solution. The 
deviations from the theoretical physical curve we ascribe solely 


* A modification of the expression §=a(106~—a)K, which represents the curve of 
volume change when the number of molecules in a mixture is constant. 
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to close-packing consequent on gravitational influences of mass 
on the intermolecular spaces, the extent of distortion being 
dependent on the relative volumes and masses of the molecules, and 
also on the magnitude of the change in volume. 

In the absence of means of determining the values of these 
various constants in mixtures of liquids differing widely in their 
relative densities, and maybe in their molecular volumes, we have 
no alternative but to return to a consideration of the behaviour 
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of a mixture of spheres of different radii as previously dealt with 
(Trans., 1906, 89, 1774). 

If it be granted that the resultant of the forces inherent in the 
nature of the several molecules reaches a maximum at or near a 
mixture representing equal molecular proportions, it is evident 
that in this mixture the distance between the centres of mass 
of adjacent molecules will be either a maximum or a minimum, 
according to the nature of the volume change. Any method, 
therefore, which determines the quantities of the ingredients of 
a mixture necessary for this purpose will afford a means of ascer- 
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taining the relative complexities of liquid molecules. With a 
knowledge of the radii of the several molecular spheres, and since 
we are at liberty to assume that the volume change influences 
more in proportion the volume of the spheres of greater radii, it 
would appear that the necessary information will be given by the 
maximum difference between the initial and final proportions by 
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volume in a mixture of the constituent possessing the greater 
molecular volume. 

Except, perhaps, in the case of homologous series, the question 
of deciding which molecule possesses the greater volume is open 
to doubt. A consideration of the data afforded by aqueous mix- 
tures of the n-primary alcohols and aliphatic acids favours the 
view that the above method of interpretation is valid in these 
cases, and the application of the same principle to other than 
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aqueous mixtures gives strong support to the hypothesis that the 
intermiscibility of liquids is a function of the molecular volume 
(loc. cit.). This deduction, if correct, would go far in serving as a 
basis for a simple mechanical theory of solution, and the following 
series of mixtures were made with the view of obtaining further 
evidence in this direction. 


Mixtures of Aniline with Methyl Alcohol. 


In the generality of cases, miscibility in aqueous solution is 
accompanied by contraction in volume. There are many non- 
aqueous mixtures also known in which contraction occurs, and the 
following mixtures of aniline with methyl alcohol are representa- 
tive of this class. 

The form of pyknometer used for the determination of relative 
densities was a modification of that described by Linebarger 
(Amer. J. Sci., 1896 [iv], 2, 226), one limb consisting of a capillary 
tube, whilst the terminals were fitted with capillary connexions 
and glass caps. The process of filling was conducted by means of 
a pressure pump, air being passed through a sulphuric acid washer 
into the weighing flask containing the liquid or mixture the: 
density of which was required, thereby causing it to pass over and 
fill the pyknometer by way of the capillary limb. The pyknometer 
was then kept for one hour in a thermostat, the contents of which 
were agitated by a continuous stream of air-bubbles, and kept at 
25° by means of a mercury-toluene regulator. The capacities of 
the pyknometers used in these experiments measured by their 
content of water at 25° were as follows: 

Grams of water. 
25°0312 
249861 
25°0020 

The boiling point of the sample of methyl alcohol (Kahlbaum’s) 
was 64°8—65°0°, and its density at 25°/25° was 0°79042. The 
aniline had a boiling’ point of 184°0°, and a density at 25°/25° of 
1:02060: 

When the volume of aniline 
is constant at 1 100 volumes. 


. . . iw ¥ * . ~*~ 
Weights in vacuum. Density of Relative Contraction 
ti mixture volume of in volume 


Aniline. Methyl alcohol. at 25°/25°.. methyl alcohol. on mixing. 


i, 2. oe 4, ov. 
26°2428 2°3961 1°00247 11°784 0°680 
24°1498 4°1488 0°98815 22°173 1°147 
22°0566 5°8567 0°97358 34°271 1°607 
20°3252 6°936¢ 0°96312 44°051 1'917 
17°6773 8°9755 0°94391 65°533 2°509 
14°5328 11°8654 0°91740 105°377 3°302 
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Equimolecular volumes of the two liquids as given by the 
quotients of the molecular weights (referred to the gaseous state) 
by the relative densities at 25° are as 100 volumes aniline to 
44°42 volumes methy! alcohol. 

The curve in Fig. 5 represents the change in volume (column 5) 
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The base line represents molecular proportions (referred to the gaseous state) of methyl 
alcohol, ethyl alcohol, n-propyl alcohol, acetone, and ethyl acetate, mixed with 
100 volumes of aniline and methyl iodide respectively. 


when increasing quantities of methyl alcohol (column 4) are mixed 
with 100 volumes of aniline. By interpolating, the values were 
obtained for the volume change at different molecular mixtures, 
and from them were calculated the differences between the pro- 
portion of aniline (as the more insoluble and, according to the 
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above hypothesis, possessing therefore the greater molecular 
volume) in the initial and final volumes: 


Molecular mixture (gaseous). Contraction in volume Difference between 
- ~ when the volume of the proportion of 
Methyl aniline is constant aniline in the initial 
Aniline. alcohol. at 100 volumes. and final volumes. 
0°25 0°65 0°530 
0°50 1°15 0°778 
0°75 1°57 0°894 
1°00 1°93 0°938 
1°25 2°25 0°944 
1°50 2°53 0°925 
1°75 2°77 0°891 
2°00 2°99 0°852 


It is evident that the greatest difference between the proportion 
of aniline in the initial and final volumes occurs at a mixture 
closely approximating to equal numbers of molecules referred to 
the gaseous state, thereby indicating that aniline possesses the 
same molecular complexity as methyl alcohol. Inferentially, 
therefore, aniline is similarly associated to water and the primary 
alcohols and aliphatic acids, and its molecular volume at 25°, as 
compared with water, is 

93°096 
18016 1:0206 

As was noticed in the case of aqueous mixtures of the primary 
alcohols and aliphatic acids (loc. cit.), the point of maximum 
difference falls slightly beyond the mixture of equimolecular pro- 
portions, a circumstance already explained by close-packing due 
to differences in the radii of the molecular spheres of influence. 


= 5°06. 


Mixtures of Methyl Iodide with Ethyl Alcohol, n-Propyl Alcohol, 
and Acetone. 


In the case of non-aqueous mixtures, it often happens that a 
volume is obtained, after mixing, which is greater than the sum 
of the initial volumes of the constituents, and the following series 
of mixtures were made with the view of ascertaining how far 
the method we have adopted is applicable in these circumstances. 

As a result of much preliminary work, it was found that the 
n-primary alcohols and acetone gave relatively large increases in 
volume when mixed with methyl iodide, and the opportunity was 
offered of comparing the results thus obtained with those furnished 
by the corresponding aqueous mixtures of these liquids. 

The sample of methyl iodide was prepared from wood-naphtha, 
carefully purified, and fractionated. Its boiling point was 
42°3—42°6°. The sample of ethyl alcohol was prepared by 
repeatedly treating rectified spirits of wine with powdered lime, 
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whilst the n-propyl alcohol and acetone were obtained from 
Kahlbaum. 

The capacities of the three pyknometers, measured by their 
content of methyl iodide at 25°, were as follows: 


Grams of 
methyl iodide. 

56°5109 

56 °4091 

56°4413 


The mean density of methyl iodide afforded by these figures is 
therefore 2°25760 at 25°/25°. 


Miztures of Methyl Iodide with Ethyl Alcohol. 


Boiling point of ethyl aleohol =78°38°. 
Density at 25°/25 i « = O978S82. 
Equimolecular volumes (gaseous) 100CH,I : 92°80C,H,O. 


When the 
volume of methy] iodide 
is constant at 100 volumes. 
Weights in vacuum - a ~ 
r . : Density Relative 
Ethyl Methyl of mixture volume of Increase in 
alcohol. iodide. at 25°/25°. ethyl alcohol. volume, 
(i) 1°1348 56°9203 2°175 5°705 0°216 
(ii) 2°3045 56°5247 2 0$ 11°667 0°346 
(iii) 4°2561 50°9563 965 23°902 0°567 
(iv) 7°2165 42 0453 ‘76365 49°116 0°863 
(v) 9°3124 35-1057 75°910 1°100 
(vi) 10°5956 31°0943 1°52302 97°512 1°232 
(vii) 14°2311 21°3744 1°28708 190°528 1°662 


Mixtures of Methyl Iodide with n-Propyl Alcohol. 


Boiling point — of z-propyl aleohol =97-°2—97°4°. 
Density at 25°/25 ‘i » == 080206. 
Equimolecular volumes (gaseous) 100CHgI : 119°06C,H,O. 


When the 
volume of methyl iodide is 
constant at 100 volumes. 
Weights in vacuum. c - ~ 
c Density of Relative Increase 
n-Propyl Methyl mixture volume of in 
alcohol. iodide. at 25°/25°. n-propyl alcohol. volume. 
(i) 1°5417 58 °4232 2°15183 7°428 0°257 
(ii) 2°6795 54°5779 2°07387 13°819 0°386 
(iii) 2°8880 56°1928 2°06849 14°466 0°398 
(iv) 5°1682 48°4309 1°91127 30 037 0°689 
(v) 8°3949 38°9151 1°69709 60°721 1°005 
(vi) 10°4975 32°0286 1°54939 92°255 1°212 
(vii) 12°0036 28°2780 1°45640 119°483 1°331 
(viii) 15°4573 18°7997 1°23496 231°434 1°684 
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Mixtures of Methyl Iodide with Acetone. 


Boiling point of acetone=56°9—57°2°. 
Density at 25°/25° = 0°787€4. 
Equimolecular volumes (gaseous) 100CH,I : 117°28C,H,0. 


When the 
volume of methy] iodide is 
constant at 100 volumes. 
Weights in vacuum. Density of - ~ 


c ~ mixture Relative volume Increase 
Acetone. Methy] iodide. at 25°/25°. of acetone. _in volume. 
(i) 1°5266 57°2413 2°15008 7°651 
(ii) 2°7681 55°1398 2°06642 14°402 
(iii) 4°9605 47°9377 1°91063 29°686 
(iv) 8°1690 396497 1°69857 59°106 
(v) 10°1997 32°2721 1°54552 90°670 
(vi) 11°8551 27°9170 1°43775 121°826 
(vii) 15°5123 18°4745 1°20943 240°884 


The following values for the volume change at different molecular 
mixtures of these liquids with methyl iodide were determined from 
the graphical representation of the results (Fig. 5), and from 
them were calculated the differences between the proportion of 
methyl iodide in the initial and final volumes: 


Molecular 
mixture (gaseous). Expansion in volume Difference between 
—————.__ when the volume of methyl the proportion of methyl 
Ethyl iodide is constant at 100 iodide in the initial and final 
alcohol, volumes in its mixtures with: volumes of its mixtures with: 
n-propyl - —_ ~~ A . ~ 
Methyl alcohol, Ethyl x-Propyl Ethyl -Propy] 
iodide. acetone. alcohol. alcohol. Acetone. alcohol. alcohol. Acetone. 
0°47 0°59 0°67 0°33 - 0°38 0°44 
0°73 0°88 1°14 0°39 0°40 0°52 
0°84 1°02 1°33 0°39 0°40 0°52 
0°93 1°09 1°49 0°38 0°37 0°51 
1:08 1°23 1°79 0°35 0°32 0°47 
1°21 1°33 2°03 0°32 0°28 0°43 


From a consideration of these results, it is evident that the 
greatest difference between the proportion of methyl iodide by 
volume in the initial and final volumes occurs when the number of 
molecules of methyl iodide in the mixture is practically double 
that of each of the other liquids, indicating that acetone possesses 
the same molecular complexity as the m-primary alcohols—a result 
already deduced from the volume changes afforded by aqueous 
mixtures of these liquids—and that methyl iodide has twice this 
complexity. 

The molecular volume of methyl iodide at 25°, compared with 
that of water at the same temperature, is therefore 

141-994 x 2 
22576x 18016 ° 
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It will be noticed that in these cases where expansion in volume 
occurs, the close-packing of the molecules causes the point of 
maximum difference in the proportion of the liquid of greater 
molecular volume to be displaced slightly in the direction opposite 
to that observed when contraction takes place—a result which 
was to be expected. 


Mixtures of Methyl Iodide with Ethyl Acetate. 


Similar mixtures were made with methyl iodide and ethyl 
acetate, the results of which are as follows: 


Boiling point of ethyl acetate=77 ‘0—77°3°. 


Density at 25°/25° ,, » = 0°89350. 
Equimolecular volumes (gaseous) 100CHglI : 155°91C,H,O,. 
When the 


volume of methyl iodide 


Weights in vacuum. is constant at 100 volumes. 
A A 


r ~ Density of - ~ 

Ethyl Methyl mixture Relativevolume Increase 

acetate. iodide. at 25°/25°. of ethyl acetate. in volume. 
(i) 2°3536 60°1754 2°11898 9°832 0°310 
(ii) 4°4215 54°8778 2°00817 20°253 0°603 
(iii) 7°0356 47 4884 1°86516 37°242 1°018 
(iv) 9°3554 50°8072 1°74115 56°733 1°377 
(v) 11°51938 370678 1°63724 78°118 1°698 
(vi) 15°7150 26°4510 1°42218 149°346 2°412 


These results, interpreted as above, indicate that ethyl acetate 
is similarly associated to water and the m-primary alcohols, and 
that its molecular volume in the liquid state at 25°, compared with 
water, is 

88-064 
08935 x 18016 

In a previous communication, the property of solubility has been 
compared to the behaviour of a mixture of inelastic spheres of 
different radii. Liquids, for instance, having molecular volumes 
approximating closely to one another are miscible in all propor- 
tions, but when the distance between the centres of mass of 
molecules of either constituent becomes so great as to allow the 
smaller to pass through the interstitial spaces of the larger spheres, 
mutual miscibility ceases, and the greater this factor, propor- 
tionately less miscible the liquids become. 

We do not presume, however, that the solubility of liquids in 
water is a direct function of .the molecular volume as determined 
by the quotient of the molecular weight by density. The volume 
so obtained comprises the true molecular volume defined by the 
sphere of activity of the atoms composing the molecule (and of 
which we know little), together with the outer envelope or molecular 
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co-volume created by the resultant of the quasi-electrical forces 
inherent in each atomic arrangement, and which allows of the 
diverse volume changes observed in mixtures of liquids. If relative 
solubility were directly proportional to the molecular volume so 
determined, it would presuppose that no change occurred in the 
volume of the interacting spheres after mixing. All experiments 
prove, however, that such changes do occur, even in the case of 
substances possessing only slight solubilities, so that the relation 
of the molecular spheres to each other changes with the degree 
of physical change. When such volume changes are comparable 
in the case of partially miscible liquids possessing approximately 
the same molecular volume, a similar comparison is to be noticed 
in their solubility factors. Thus, ethyl acetate and ethyl ether 
yield considerable contractions in aqueous solution, and, having 
molecular volumes at 22° of 5°4 and 5°8 compared with that of 
water, are soluble in 100 volumes of water at this temperature to 
the extent of 9°26 volumes and 8°11 volumes respectively. Aniline, 
on the other hand, with a molecular volume of 5°1, gives little 
volume change with water, and, instead of possessing greater 
solubility by reason of its smaller initial volume, is soluble only 
to the extent of 3°48 volumes (Herz, Ber., 1898, 31, 2671, and 
Bancroft, Phys. Rev., 1895, 8, 131). 

It is probable that this change in the relative radii of the 
several molecular spheres on mixing can be calculated within a 
near approximation, but as in most cases the volume change is 
small, the disturbing factor due to this circumstance is greatly 
minimised, and, inasmuch as the relative volumes occupied by 
liquid molecules must be represented by the quotient of the 
molecular weight in the gaseous state by density, or a simple 
multiple of this quantity (since it is inconceivable that the molecular 
weight should be less in the liquid than in the gaseous state), 
sufficient latitude is afforded for allowances of this nature. 

There is great probability, therefore, that, just as vapour 
density determinations are indirectly of importance in fixing the 
molecular weights of gases, so a knowledge of density and solu- 
bility will also suffice for ascertaining relative complexity in the 
liquid state. 

It has already been shown that this method is roughly applicable 
to carbon disulphide and other liquids the molecular volumes of 
which have previously been given (Trans., 1906, 89, 1785), and 
although these volumes, through lack of available data, were 
compiled from densities at varying temperatures, the change is 
so slight within small ranges of temperature that they may be 
assumed to be sufficiently accurate for the purpose. 
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For example, if methyl iodide were similarly associated to water, 
its molecular volume at 25° would be 
141°994 
2°2576 x 18-016 
and it would be placed in the molecular volume table among the 
lower alcohols and fatty acids which are miscible with water in all 
proportions, If, however, we double the aggregation, the molecular 
volume becomes 6°98, which falls between the ascertained molecular 
volumes (at the same temperature) of m-amyl alcohol (6°04) and 
chloroform (8°93)—a position which agrees with the gradation in 
the solubility factors‘of these liquids in water (Rex, Zeitsch. 
physikal. Chem., 1906, 55, 355, and Herz, Joc. cit.), and also with 
its molecular volume as ascertained above by volume change 
methods. 


= 3°49, 


Heat Changes in Liquid Mixtures. 


Just as we have reason to believe from the data at present at 
our disposal that the intermiscibility of liquids may be explained 
by a theory requiring the individuality of the molecules under 
normal conditions and a knowledge of their relative volumes, so 
it should be possible to explain other physical properties apper- 
taining to liquid mixtures on the same hypothesis. 


Miscibility of pure liquids with water not only results in a 
contraction in volume, but heat also is produced. It is customary 
to regard this evolution of heat as being analogous to the heat 
of neutralisation of acids and bases, and capable of explanation 
on the theory of hydrate formation. It is difficult, however, to 
reconcile the fact that, in most cases, the neutralisation of an 
acid by a base in aqueous solution results in a relatively large 
expansion in volume, whilst contraction usually accompanies the 
mixing of pure liquids with water. In the first instance, the heat 
evolved is undoubtedly due to chemical action, as a result of 
which the initial molecules of a mixture are wholly disintegrated 
and a new set of molecules produced. In the second case, the 
heat evolved must be ascribed to friction between the several 
envelopes or spheres of influence of the molecules consequent on 
forces of attraction, which result in the diminution in volume. 
In cases where contraction occurs we are obviously unable to draw 
deductions regarding the molecular condition of liquids from the 
mixture which yields a maximum of heat production, since the 
close-packing of molecules due to gravitational influences of mass 
on the interspaces must also cause friction and evolution of heat. 
For instance, when increasing quantities of water are added to a 
fixed volume of ethyl alcohol, although the rate of change of 
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heat production may be a maximum near the mixture of equal 
proportions of molecules, careful experiments show that the greatest 
evolution of heat occurs at a mixture approximating to the pro- 
portions C,H,0,8H,0. 

Again, mixtures of liquids are known in which heat is absorbed, 
and we find in the generality of these cases that expansion in 
volume results. 

In another class of mixtures, of which those of chloroform and 
ethyl alcohol are a type, heat is evolved in some mixtures and 
absorbed in others, and although few data are here available 
except those afforded by the work of Bussy and Buignet (loc. cit.), 
these are undoubtedly instances of the gravitational influences of 
mass on the interspaces causing a frictional evolution of heat, 
which is greater in- magnitude at some concentrations than the 
heat absorbed as a result of the normal forces of repulsion inherent 
to the molecules, and which in many mixtures of these liquids 
results in an expansion in volume. Such peculiarities can only 
obtain in mixtures in which the normal change in volume is 
relatively small. 

Few mixtures of liquids have hitherto been examined with the 
view of ascertaining the law of the change of temperature with 
concentration. The mixtures of methyl iodide with m-primary 
alcohols, yielding as they do relatively large expansions in volume, 
promised to afford valuable information in this direction. 

In the following series of mixtures, the initial temperature of 
each constituent was adjusted to 15°, which temperature approxi- 
mated closely to that of the room, and the change in temperature 
after mixing ascertained by means of a Schmidt and Haentsch 
thermometer graduated to 0°1°. The volume of the mixture in 
each case was about 30 c.c. 


Miztures of Methyl Iodide with Methyl Alcohol. 


Molecular | Molecular 
mixture (gaseous). mixture (gaseous). 


A 


Methyl Methyl Temperature | Methyl Methyl Temperature 
iodide. alcohol, | iodide. alcohol. change. 
1 0-076 } 1 0-761 -6'8° 
0°120 1 1°071 6°4 
1 2-002 5°6 


1 
1 0°253 
1 0°524 


{ 
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Miztures of Methyl Iodide with Ethyl Alcohol. 


Molecular Molecular 
mixture (gaseous). | mixture (gaseous). 


Methyl Ethyl Temperature | Methyl Ethyl Temperature 
iodide. alcohol. change. | iodide. alcohol. change. 

1 0°061 | 1 0°818 —6°8° 

1 0°126 | 1 1°051 6°4 

1 0°258 ' | 1 2°053 5°6 

1 0°529 "e 


Miztures of Methyl Iodide with u-Propyl Alcohol. 


Molecular | Molecular 
mixture (gaseous). mixture (gaseous). 


Methyl m-Propyl Temperature | Methyl n-Propyl —— 

iodide. alcohol. change. | iodide. alcohol. change. 
0°510 -8-0° 
0°75 7°8 
1°004 6°9 
1°944 5'1 


Mixtures of Methyl Iodide with n-Amyl Alcohol. 


Molecular Molecular 
mixture (gaseous). mixture (gaseous). 


re | ~ 
Methyl m-Amyl Temperature | Methyl n-Amyl Temperature 
iodide. alcohol, change. | iodide. alcohol. change. 

1 0°121 } 1 0°943 -6°9° 

1 0°239 | 1 1°975 4°5 

1 0°493 | 


In each series the maximum fall in temperature occurs at an 
admixture corresponding to two molecules of methyl iodide with 
one molecule of each alcohol (referred to the gaseous state), a 
result which confirms the complexities of these alcohols compared 
with methyl iodide as deduced above from volume change experi- 
ments. 

The results of this investigation lend support to our previous 
deductions that physical forces only are operative in solution, 
and that theories requiring electrolytic dissociation, or combination 
of solvent with solute, are unnecessary for understanding many 
of the phenomena common to aqueous and non-aqueous mixtures. 
We adhere to the view that the properties of both mixtures of 
liquids and solutions are consistent with the entity of the liquid 
molecule, and we venture to think that we have made out a prima 
facie case for an electrical theory requiring only a knowledge of 
liquid complexities for the elucidation of the simple facts associated 
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with the property of solution. Much experimental work is neces- 
sary before such a theory could be regarded as established, but 
we would suggest it at least as a working hypothesis for further 
investigations in this field of research. 


In conclusion, we desire to express our indebtedness to Sir 
Edward Thorpe, C.B., F.R.S., for facilities afforded us in carrying 
on this investigation. 


THE GOVERNMENT LABORATORY, 
LonpDon. 


CCXIV.—Studies om Phototropy and Thermotropy. 
Part I. Arylidene- and Naphthylidene-amines. 


By AtrrepD SENIER and FREDERICK GEORGE SHEPHEARD. 


In a recent paper we described a series of Schiff’s bases, salicylidene- 
amines, one of which, salicylidene-m-toluidine, was found to be 
highly phototropic (this vol., 441). Under the influence of light 
waves of high refrangibility, this compound was found to change 
from pale yellow to orange, and when removed from that influence 
to return to its original colour. The phenomenon was ascribed to 
reversible isomeric change. We have continued this inquiry, and 
now submit an account of further work, in which we have studied 
a number of other salicylideneamines and related compounds. 

Including salicylidene-m-toluidine, we have now found five 
compounds which exhibit phototropy. Looking at the constitution 
of these, there does not appear to be any necessary relation between 
the nature or the position of the substituents and the phototropic 
property. They are all salicylidene derivatives, but many such 
derivatives are not phototropic, as is the case also with the 
analogous o-hydroxynaphthylidene compounds which we have 
examined. It may be noted that the phototropic property is 
destroyed by the substitution of methoxyl for hydroxyl; further, 
in the case of salicylidene-m-toluidine, by the substitution of 
hydroxyl or chlorine for the methyl group, and, in salicylidene- 
p-aminobenzoic acid, either by the substitution of chlorine or 
methyl for the carboxyl group or by the conversion of the acid 
into a metallic salt. 

Early in this investigation it was observed that many of the 
coloured bases became deeper in colour on heating, and that this 
change, like phototropy, was reversible. The whole of the com- 
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pounds in hand were then subjected to an examination to obtain 
further evidence, if possible, of this property. Their colour changes 
were noted (1) between the ordinary temperature and the tempera- 
ture just below their melting points, called “the higher tempera- 
ture,” and (2) between the ordinary temperature and the lowest 
temperature we could conveniently command, that of solid carbon 
dioxide, called “ the lower temperature.” This led to the interesting 
fact that.most of the compounds exhibit this phenomenon. Among 
inorganic substances this property has long been known, we need 
only mention that at the temperature of solid carbon dioxide, 
sulphur becomes almost colourless, red mercuric oxide becomes 
yellow, and vermilion becomes scarlet, or, on heating, zinc oxide 
becomes yellow, and that all these return to the original colour at 
the ordinary temperature. This reversible change of colour in 
solids depending on the temperature we propose to call thermo- 
tropy. 

In the case of the Schifi’s bases, the change of colour with rise 
of temperature is from yellow to orange to red, and on lowering of 
temperature from red to orange to yellow, but in some cases at 
the low temperature the colour disappears altogether. The elucida- 
tion of this question, however, must await spectroscopic measure- 
ments. 

The extreme instability of the Schiff’s bases, particularly those 
derived from hydroxyaldehydes, their characteristic tendency to 
form isomerides, is further illustrated by the differently coloured 
modifications which can be obtained at will by varying the method 
of their preparation or the temperature of crystallisation. (For 
other instances of the changeability of Schiff’s bases, see Anselmino, 
Ber., 1905, 38, 3989; 1907, 40, 3465; also Manchot and Furlong, 
Ber., 1909, 42, 3030.) In this connexion, allusion may also be 
made to the changes which these bases undergo under the influence 
of different solvents indicated by the different shades of colour that 
they exhibit in solution. 

Evidence is accumulating of reversible isomeric reactions, like 
those described in this paper, which are indicated by physical 
differences, such as changes of colour. It is possible that these 
may be explained by hypotheses, similar to that of Hantzsch and 
Werner, assuming intramolecular rearrangement; but in the case 
of phototropy and thermotropy it should not be forgotten that 
the substances exhibiting these phenomena are solids. No one 
will doubt, however, that these differences of colour depend on 
isomeric change of some kind; but in the case of solids we know 
practically nothing of their molecules, not even of their relative 
molecular weights. The molecules of solids are probably far more 
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complex than those of liquids or gases; indeed, they may be rather 

complex groups or aggregates of ordinary gaseous molecules, which 
would give rise to far more numerous possibilities of isomerism. 
It appears to us that phototropic and thermotropic reactions are 
more probably due to isomeric changes affecting the aggregation 
of molecules in solids than to intramolecular change of molecules 
derived from a study of gases. 

The following compounds were obtained by the condensation of 
the respective aldehydes and amines, in the usual manner ; generally 
in alcoholic solution, and without the application of heat. 

Salicylidene-m-toluidine, OH*C,H,-CH:C,H,Me.—This _ photo- 
tropic compound, which was described in a previous paper (loc. cit.), 
is thermotropic, and also exhibits differences of colour in solution 
in different solvents. No thermotropy could be observed at “ the 
higher temperature,” just below its melting point, the latter being 
so near the ordinary temperature, but at “the lower temperature,” 
that of solid carbon dioxide, the yellow phototrope became paler in 
colour and returned to the original colour at the ordinary tem- 
perature. The darker phototrope was not altered appreciably in 
colour by cooling. Solutions in ether, benzene, or light petroleum 
are rather lighter in colour than those in chloroform, alcohol, or 
glacial acetic acid. 

Salicylidene-m-toluidine hydrochloride, C,H,,ON,HCl, was 
obtained as a yellow, amorphous precipitate by passing a current 
of dry hydrogen chloride into a solution of the base in dry ether. 
In presence of water, the salt hydrolyses readily. It is not photo- 
tropic, but in presence of light and moist air it decomposes. 
Thermotropy was detected at “the higher temperature ” (150°) by 
a darkening in colour, the original colour returning at the ordinary 
temperature. There was no change of colour at “the lower tem- 
perature.” It melts at 182° (corr.) : 

0°2214 gave 0°1274 AgCl. HCl=14°63. 

C,,H,,ONCI1 requires HCl=14°72 per cent. 

Salicylidene-m-toluidine picrate, C,,H,,0N,C,;,H,0,N;. — Equi- 
molecular proportions of salicylidene-m-toluidine and picric acid 
were dissolved in hot alcohol and mixed. Small, bright yellow 
needles separated immediately. This compound does not appear 
to be phototropic or thermotropic. It melts at 179° (corr.): 

0°2130 gave 22°3 c.c. N, (moist) at 13° and 772 mm. N=12°57. 

Cy9H,,OgN, requires N=12°74 per cent. 
o-Methoxybenzylidene-m-toluidine, prepared by the interaction of 
o-methoxybenzaldehyde and m-toluidine, is a liquid, and was not 
further examined. 
Salicylidene-o-4-zylidene, OH’C,H,-CH:N-C,H,Me,, is photo- 
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tropic. It consists of light yellow needles, which change to an 
orange colour when exposed to sunlight, and resume their original 
colour in the dark. At ‘the higher temperature” (70°), the 
yellow phototrope exhibits thermotropy by darkening in colour and 
returning to the original colour at the ordinary temperature; at 
“the lower temperature,’ it becomes temporarily paler. The 
darker phototrope showed no thermotropy except that when kept 
for a short time at 70° it became paler in colour, and at the 
ordinary temperature appeared to be identical with the yellow 
phototrope. The base is soluble in the usual organic solvents, the 
solutions in alcohol, chloroform, or acetic acid being darker in 
colour than those in ether, benzene, or light petroleum. It melts 
at 76° (corr.): 


0°2185 gave 12°2 c.c. N, (moist) at 14° and 746 mm. N=6'45. 
C,;H,,;ON requires N=6'22 per cent. 

o-Methoxybenzylidene-o-4-zylidine, OMe’C,H,-CH:N-C,H;Me,, 
was prepared by the interaction of o-methoxybenzaldehyde and 
o-4-xylidine. No indication of phototropy or thermotropy could 
be detected. It crystallises from alcohol in pale yellow prisms, and 
is very soluble in the usual organic solvents; the solution in glacial 
acetic acid is yellow: in other solvents it is colourless, or only 


pale yellow. It melts, forming a yellow liquid, at 45° (corr.): 


0°2751 gave 14:0 c.c. N, (moist) at 18° and 769 mm. N=5'95. 
C,,H,,ON requires N=5°86 per cent. 


Salicylidene-m-5-aylidine and salicylidenemesidine were prepared, 
but, proving to be liquids, were not further examined. 

Salicylidene-o-chloroaniline, OH*C,H,yCH:N-C,H,Cl, separated 
from the alcoholic solution as an oil, which on keeping solidified 
to a mass of pale yellow crystals. It is phototropic; when exposed 
to sunlight it becomes orange, and the original colour returns in 
the dark. Both phototropes exhibit thermotropy; at “ the higher 
temperature ” the yellow phototrope darkens in colour, the original 
colour returning at the ordinary temperature; the orange photo- 
trope at this temperature loses colour, and at the ordinary tem- 
perature appears to be identical with the yellow phototrope. At 
“the lower temperature,” both yellow and orange isomerides 
become much paler in colour. Salicylidene-o-chloroaniline dissolves 
easily in the usual organic solvents; the solutions in alcohol, 
chloroform, or glacial acetic acid are deeper in colour than those 
in ether, benzene, or light petroleum. The base melts at 82—83° 
(corr.) : 


0°2436 gave 12°3 c.c. N, (moist) at 14° and 7649 mm. N=6:00. 
C,3H,yONC1 requires N=6°05 per cent. 
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o-M ethoxybenzylidene-o-chloroaniline, OMe:C,H,-CH:N:C,H,Cl, 
was prepared from o-methoxybenzaldehyde and o-chloroaniline in 
alcoholic solution, separating as a yellow oil, which soon solidified. 
After crystallisation from light petroleum, it was obtained as pale 
yellow prisms. Neither phototropy nor thermotropy was detected. 
It is very easily soluble in benzene, chloroform, ether, or glacial 
acetic acid, more sparingly so in alcohol or light petroleum. The 
solutions are colourless, with the exception of that in glacial acetic 
acid, which is yellow. The base melts at 69° (corr.): 
0°2378 gave 11°8 c.c. N, (moist) at 15° and 767 mm. N=5°'87. 
C,,H,,ONCl1 requires N=5°71 per cent. 
Salicylidene-m-chloroaniline, OH*C,H,*CH-N°C,H,Cl, crystallises 
from alcohol or light petroleum in orange-yellow leaflets. This base 
is not phototropic, but exhibits thermotropy. At “the higher 
temperature” the solid darkens, and at “the lower temperature ” 
becomes much paler; in either case it returns to the original shade 
at the ordinary temperature. It dissolves readily in the usual 
organic solvents, with the exception of light petroleum, in which 
it is less soluble; the solutions in alcohol, chloroform, or glacial 
acetic acid are deeper yellow than those in benzene, ether, or light 
petroleum. The yellow alcoholic solution becomes much paler, and 
the slightly yellow solution in light petroleum becomes colourless 
at the temperature of solid carbon dioxide. Salicylidene-m-chloro- 
aniline melts at 95° (corr.): 
0°2455 gave 12°6 c.c. N, (moist) at 14° and 773 mm. N=6'14. 
C,3H,,ONC1 requires N=6°05 per cent. 
Salicylidene-p-chloroaniline, OH*C,H,*CH:N-C,H,Cl, crystallises 
from alcohol or benzene in brilliant yellow needles. It is not 
phototropic. Thermotropy is indicated at “the higher tempera- 
ture”’ by a distinct darkening in colour, and at “the lower tem- 
perature’ by the colour becoming much paler, in both cases 
returning to the original shade at the ordinary temperature. It 
dissolves in the usual organic solvents; the solutions in benzene, 
light petroleum, or ether are colourless, whilst those in alcohol, 
chloroform, or acetic acid are yellow. At the temperature of solid 
carbon dioxide, the colour of an alcoholic solution becomes dis- 
tinctly paler. Salicylidene-p-chloroaniline melts at 102—103° 
(corr.) : 
0°2395 gave 12°3 c.c. N, (moist) at 14° and 769 mm. N=6'll. 
C,3;H,,ONCI1 requires N=6°05 per cent. 
Salicylidene-m-aminophenol, OH*C,H,*CH:N-C,H,°OH, separates 
in orange crystals on the addition of salicylaldehyde to a solution 
of m-aminophenol in dilute acetic acid. On dissolving in hot 
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benzene, and adding an equal volume of light petroleum, reddish- 
orange scales of the base are obtained. This compound is not 
phototropic, but exhibits thermotropy, the colour of the crystals 
becoming darker at “the higher temperature” and much paler at 
“the lower temperature,” returning to the original colour in both 
cases at the ordinary temperature. It is easily soluble in alcohol, 
chloroform, or glacial acetic acid, forming deep yellow solutions; 
in ether, forming a pale yellow solution; in benzene or light 
petroleum, in both of which it is less soluble, the solutions are 
colourless. The deep yellow alcoholic solution becomes much paler 
at the temperature of solid carbon dioxide. Salicylidene-m-amino- 
phenol melts at 128—129° (corr.) : 

0°2653 gave 14°9 c.c. N, (moist) at 15° and 766 mm. N=6°'63. 

C,3H,,0O,N requires N=6°'57 per cent. 

Salicylidene-p-aminobenzoic acid, OH-°C,H,.CH:N:C,H,°CO,H, 
crystallises from alcohol in bright yellow, silky needles. This 
compound is phototropic. When exposed to the action of sunlight, 
it darkens in colour, and returns to the original colour in the 
dark or in subdued daylight. Both the light and the dark coloured 
phototropes exhibit thermotropy. At “the higher temperature ” 
both isomerides darken in colour; on cooling to the ordinary tem- 
perature, the paler phototrope resumes its original colour, and the 
same colour is exhibited by the deeper coloured phototrope, which 
apparently changes to the paler isomeride; at “the lower tem- 
perature” both phototropes become paler in colour. This base is 
easily soluble in alcohol, chloroform, or glacial acetic acid, less so 
in ether, benzene, or light petroleum. The solutions show about the 
same tint of yellow; the addition of water to the solution in glacial 
acetic acid, or of hydrogen chloride to the solution in alcohol, 
removes the colour, doubtless by hydrolysis. Salicylidene-p-amino- 
benzoic acid melts at 265—266° (corr.): 

0°2134 gave 10°5 c.c. N, (moist) at 18°5° and 770 mm. N=5'78. 

C,,H,,0O,N requires N=5°81 per cent. 
Sodium salicylidene-p-aminobenzoate, 
OH’C,H,-CH:N-C,H,°CO.Na, 

was prepared by dissolving p-aminobenzoic acid in hot alcohol, 
exactly neutralising with sodium hydroxide solution, and adding 
the calculated quantity of salicylaldehyde. Yellow prisms were 
obtained, very much paler in colour than the free acid. This salt 
is thermotropic, but not phototropic. At “the higher temperature ” 
it changes to red, and at “ the lower temperature” becomes almost 
colourless ; in each case returning to its original tint at the ordinary 
temperature. It dissolves in cold water or alcohol, forming a 
deep yellow solution, which hydrolyses on warming: 


PHOTOTROPY AND THERMOTROPY. PART I. 


0°7399 gave 0°1998 Na,SO,. Na=8°76. 
C,,H,,O;NNa requires Na=8'68 per cent. 
Calcium salicylidene-p-aminobenzoate, 
(OH-C,H,°CH:N-C,H,°CO,),Ca, 
was obtained in pale yellow leaflets by the interaction of salicyl- 
aldehyde and an alcoholic solution of p-aminobenzoic acid, which 
was previously neutralised by calcium hydroxide solution. No 
phototropy could be detected, but thermotropy was observed by a 
darkening of colour at “the higher temperature.” The salt 
dissolves in cold water, and the solution hydrolyses on warming: 
0°6690 gave 0°1683 CaSO, C=7°41. 
C.,H»O,N,Ca requires C=7°71 per cent. 


Barium solicylidene-p-aminobenzoate, 
(OH-C,H,°CH:N-C,H,°CO,).Ba, 

consists of small, yellow needles, and exhibits similar properties to 
the calcium salt. It is thermotropic, but not phototropic. At 
“the higher temperature” it becomes darker, and at “the lower 
temperature ” paler in colour, the original colour returning, in each 
case, at the ordinary temperature. 

For analysis, the salt was dried at 100°: 

0°5551 gave 0°2110 BaSO,. Ba=22°38. 

C.,H.,O,N,Ba requires Ba=22°25 per cent. 


o-Methoxybenzylidene-p-aminobenzoic acid, 
OMe’C,H,°CH:N-C,H,°CO.H, 

was prepared in alcoholic solution, using p-aminobenzoic acid and 
o-methoxybenzaldehyde. It immediately separates in pale yellow 
needles, which, recrystallised from benzene, become much paler in 
colour. It is slightly thermotropic, but gives no indication of 
phototropy. It dissolves in alcohol, ether, or glacial acetic acid, 
and is sparingly soluble in benzene, chloroform, or light petroleum. 
The solutions are colourless, with the exception of that in acetic 
acid, which is yellow. The ether melts at 225°5° (corr.): 

0°2469 gave 12°2 c.c. Ny (moist) at 21° and 759 mm. N=5'62. 

C,;H,;0,N requires N=5°49 per cent. 

Salicylidene-a-naphthylamine, OH°C,H,°CH:N-C,)H,.—In a pre- 
vious paper (loc. cit.) we described this compound as consisting of 
dark orange prisms which melt at 45°5°. We had overlooked an 
earlier description by Pope and Fleming (Trans., 1908, 98, 1916), 
who, however, obtained it in pale yellow needles melting at 53°. 
This shows the influence of slight alterations of the experimental 
conditions in determining the form of the product in the case of 
compounds containing the group -CH:N-, which in so many 
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instances exhibit different properties in the hands of different 
observers (compare Hantzsch and Schwab, Ber., 1901, 34, 828). 
This compound is not acted on by light, but is thermotropic; at 
“the lower temperature ” its dark orange colour changes to canary- 
yellow, the former colour returning at the ordinary temperature. 
Solutions of this base in ether, benzene, or light petroleum are 
paler’ in colour than those in other solvents. The colour of the 
alcoholic solution becomes temporarily paler at “the lower tem- 
perature.” 

Salicylidene-B-naphthylamine, OH:C,H,CH:N-C,,H,. — This 
compound, previously prepared by Emmerich (Annalen, 1887, 241, 
351), exhibits marked phototropic and thermotropic properties, its 
colour showing reversible variations between yellow and orange or 
red. We are at present submitting this compound to a more 
detailed investigation. Emmerich gives the melting point of this 
compound as 121°; the specimens we have prepared melt at 126° 
(corr.). 

Disalicylidene-p-phenylenediamine, (OH’*C,H,°CH:N),C,H,, may 
be obtained either in pale yellow or orange-red plates. When the 
aldehyde and the diamine are brought together in alcoholic solution 
at a temperature below 50°, the mixture remains clear for a few 
minutes, and then the compound quickly separates in pale yellow 
plates. If, however, the temperature of the experiment be above 
50°, a mixture of both isomerides is formed, the proportion of the 
red form increasing the higher the temperature employed, but 
contact of solvents, in such a proportion that only a small part 
dissolved with the yellow plates or the mixtures obtained, changes 
the yellow into the more stable red isomeride. The change of the 
yellow into the red form by this contact with solvents, accompanied, 
of course, with partial solution, takes place in a few minutes when 
the solvent is ethyl acetate, chloroform, benzene, or acetone; in 
half an hour to an hour when alcohol or ether is used; whilst 
with light petroleum several hours are requisite. It is noteworthy 
that the order of solvents just given corresponds with that of the 
solubility of the red isomeride ; it is most soluble in the first group, 
and least soluble in light petroleum. 

No phototropy could be detected in either isomeride, but both 
exhibit thermotropy, and, further, at 115° the yellow isomeride 
changes to the red. When the yellow isomeride is heated, it 
gradually deepens in colour, until, at about 110°, it becomes 
orange. If the temperature is then lowered, the reverse changes 
of colour take place; if, however, the temperature is allowed to 
rise above 110°, the orange colour changes gradually into red and 
deep red until the melting point is reached. On lowering the 
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temperature, the reverse changes of colour are observed until a 
temperature of about 115° is reached ; below this temperature, the 
orange and yellow colour does not reappear, but the red merely 
becomes slightly paler. This isomeric change at 115°, not being 
reversible, is not phototropic, although it takes place under the 
thermotropic conditions pertaining to that temperature. At the 
temperature of solid carbon dioxide, the yellow isomeride gave no 
indication of thermotropy, but the red isomeride became yellow, 
returning to red at the ordinary temperature. The red isomeride 
melts at 212—213° (corr.): 
0°2192 gave 16°7 c.c. N, (moist) at 17° and 769mm. N=8'94. 
Cop9H;,0,N, requires N=8°86 per cent. 
2: 2/-Dimethoxydibenzylidene-p-phenylenediamine, 
(OMe’C,H,°CH:N).C,H,, 
was prepared by the interaction of the diamine and o-methoxy- 
benzaldehyde in alcoholic solution. After recrystallisation from 
alcohol, pale yellow needles of the ether were obtained. It is not 
phototropic, and but slightly thermotropic. It dissolves readily 
in most organic solvents, sparingly in ether. In glacial acetic acid, 
the solution is dark red. The hydrochloride, which was prepared 
by passing hydrogen chloride into an ethereal or chloroformic solu- 
tion of the base, is red, in the first instance, but soon changes to 
orange-yellow. The base melts at 152° (corr.): 
0°2492 gave 17°7 c.c. Ny (moist) at 17° and 766 mm. N=8°31. 
C.>H»)0,N, requires N =8'14 per cent. 
m-Hydrozyb enzylidene-m-toluidine, OH*C,H,*CH:N:C,H,Me, was 
obtained in colourless crystals on the addition of the amine to the 
aldehyde solution. The crystals were dissolved in warm benzene, 
and light petroleum added, when long, colourless prisms of the base 
slowly separated. This compound is neither phototropic nor thermo- 
tropic. It dissolves readily in the usual organic solvents, but is 
sparingly soluble in light petroleum. With the exception of the 
solution in glacial acetic acid, which is yellow, the solutions are 
colourless. The hydrochloride is yellow. m-Hydroxybenzylidene- 
m-toluidine melts at 106—107° (corr.) : 
0°2592 gave 14°6 c.c. Ny (moist) at 16°5° and 765 mm. N=6'60. 
C,,H,,0N requires N=6°64 per cent. 
p-Hydrozybenzylidene-m-toluidine, OH*C,H,CH:N-C,H,Me.— 
m-Toluidine was added to a solution of p-hydroxybenzaldehyde in 
hot benzene. Small, colourless crystals separated on cooling, which, 
dried in the air, became slightly yellow. When recrystallised from 
alcohol, pale yellow plates were obtained, whilst from benzene almost 
colourless crystals were obtained, the latter not very well defined. 
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Both the pale yellow crystals from alcohol and the almost colourless 
crystals from benzene, when rubbed in a mortar, became distinctly 
yellow. Whether these different colours represent or not distinct 
isomerides or isomeric mixtures was not determined. 

This compound is not phototropic, but exhibits thermotropy. At 
“the higher temperature” the pale yellow crystals from alcohol deepen 
in colour, the original colour returning at the ordinary temperature ; 
the colourless crystals from benzene do not change. At “ the lower 
temperature” the yellow orystals become colourless, their colour 
returning at the ordinary temperature. 

Both sets of crystals behave similarly towards solvents. The 
compound dissolves readily in alcohol, ether, glacial acetic acid, or 
ethyl acetate; less readily in chloroform or benzene; sparingly in 
light petroleum. The solutions are yellow except those in ether 
or benzene, which are almost colourless. 

p-Hydroxybenzylidene-m-toluidine melts at 181° (corr.) : 


0°2663 gave 15°0 c.c. N, (moist) at 18° and 763 mm. N=6°53. 
C,,H,,0N requires N=6°64 per cent. 


Anisylidene-m-toluidine, OMe*C,H,*CH:N-C,H,Me, was prepared 
from anisaldehyde and m-toluidine. It crystallises from alcohol in 
small, colourless plates soluble in the usual organic solvents; in 
glacial acetic acid the solution is yellow; the other solvents give 
colourless solutions. It melts at 59° (corr.): 


0°2922 gave 15°95 c.c. N, (moist) at 14°5° and 750 mm. N=6°32. 
C,;H,;ON requires N=6°22 per cent. 


Anisylidene-m-toluidine hydrochloride, C,;H,;ON,HC1L—A solu- 
tion of the base in dry ether was saturated with dry hydrogen 
chloride, when the salt was precipitated as a pale yellow powder. 
It melts at 174° (corr.). When dissolved in alcohol and neutralised 
with a standard solution of sodium hydroxide, using phenol- 
phthalein as indicator: 


0°7553 required 27:4 c.c. (1 c.c.=0°003854 HCl). HCl=14:04. 
C,;H,,ONCl1 requires HCl1=13°93 per cent. 


2-Hydroxy-5-methylb enzylidene-m-toluidine, 
OH:C,H,Me-CH:N-C,H,Me, 


crystallises from alcohol in pale orange leaflets, very soluble in the 
usual organic solvents. It is not phototropic, but exhibits thermo- 
tropy; at “the higher temperature” it darkens in colour, and at 
“the lower temperature” it becomes paler, and returns to the 
original colour, in both cases, at the ordinary temperature. 

In benzene, light petroleum, or ether, the solutions of this base 
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are faintly yellow, while those in acetic acid, alcohol, or chloroform 
are deep yellow; at “ the lower temperature ” the alcoholic solution 
exhibits thermotropy similar to the solid. 
2-Hydroxy-5-methylbenzylidene-m-toluidine melts at 70° (corr.): 
0°2672 gave 14°0 c.c. N, (moist) at 14° and 767 mm. N=6'23. 
C,;H,,;ON requires N=6°22 per cent. 
2: 2!-Dihydroxy-5 : 5!-dimethyldtb enzylidene-p-phenylenediamine, 
(OH-C,H,;Me’CH:N),C,H,, 
occurs apparently in two isomeric modifications; the one, crystal- 
lised from benzene, in bright yellow leaflets, which melt at 256° 
(corr.); the other, in yellowish-brown crystals, crystallised from 
glacial acetic acid, which melt about half a degree lower than the 
preceding isomeride. No indication of phototropy was observed, 
but both isomerides exhibit thermotropy at the “higher” and 
“lower temperatures.” Both behave in the same manner towards 
solvents; in benzene, chloroform, or glacial acetic acid, they are 
sparingly soluble, and less soluble in alcohol or light petroleum: 
0°2822 gave 20°1 c.c. N, (moist) at 18° and 760mm. N=8°23. 
CyoH ON, requires N =8'14 per cent. 
5-Bromosalicylidene-m-toluidine, OH:-C,H;,Br-CH:N-C,H,Me, 
crystallises from alcohol in yellow plates mixed with slightly darker 
coloured prisms of a possible isomeride. No phototropy was 
detected, but thermotropy was observed at both “the higher ” and 
“the lower temperatures.” It dissolves easily in the usual organic 
solvents, the solutions in ether, benzene, or light petroleum being 
paler in colour than those in chloroform, alcohol, or glacial acetic 
acid. The base melts at 102—103° (corr.): 
0°3262 gave 13°5 c.c. N, (moist) at 15° and 757 mm. N=4'83. 
C,,H,,ONBr requires N =4°83 per cent. 
5: 5/-Dibromodisalicylidene-p-phenylenediamine, 
(OH:C,H;Br°CH:N),C,Hy. 
—This compound, after recrystallisation from nitrobenzene, was 
obtained in dark yellow leaflets almost insoluble in solvents of low 
boiling point. It is not phototropic, but exhibits thermotropy. At 
“the higher temperature” it is distinctly red, and at “ the lower 
temperature ” loses much of its yellow, in both cases returning to 
its original colour at the ordinary temperature. It melts at 306° 
(corr.) : 
0°2408 gave 12°2 c.c. N, (moist) at 18° and 767 mm. N=5°91. 
C.9H,,0,N,Br. requires N=5'91 per cent. 
3-Nitrosalicylidene-m-toluidine, OH+C,H,(NO,)*CH:N-C,H,Me, 
was obtained from solution in alcohol in light red needles. It is 
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not phototropic, but exhibits thermotropy at both “the higher” 
and especially “the lower temperature.” It dissolves readily in 
benzene, chloroform, or acetic acid, and is not so soluble in alcohol, 
ether, or light petroleum. The colour of the solutions is the same, 
but the solution in chloroform shows green fluorescence. Low 
temperature thermotropy was observed in the case of the alcoholic 
solution. It melts at 144—145° (corr.): 
0°2309 gave 21°5 c.c. N, (moist) at 14° and 759 mm. N=10°95. 
C,,H,,0O,N, requires N=10°94 per cent. 
5-Nitrosalicylidene-m-toluidine, OH*C,H,(NO,)-CH:N-C,H,Me, 
crystallises from alcohol in bright yellow needles. It is not affected 
by light, but exhibits thermotropy at both “the higher” and “the 
lower temperature.” The behaviour towards solvents, including the 
fluorescence of the chloroformic solution, and the thermotropy ot 
the alcoholic solution, is similar to that of the isomeride just 
described. It melts at 139° (corr.): 
0°2113 gave 19°7 c.c. N, (moist) at 15° and 759 mm. N=10°91. 
C,,H,,0,N, requires N=10°94 per cent. 
Vanillidene-m-toluidine, OH*C,H;(OMe)*CH:N-C,H,Me, crystal- 
lises from light petroleum in colourless, silky needles. It is not 
affected by light nor by temperatures below its melting point. It 
dissolves in the usual organic solvents; the solution in alcohol or 
acetic acid is deep yellow, in chloroform it is pale yellow, and in 
ether, benzene, or light petroleum, colourless. If the crystals are 
rubbed in a mortar, they become temporarily yellow. It melts at 
96° (corr.), forming a yellow liquid: 
0°2574 gave 13°2 c.c. N. (moist) at 16°5° and 751 mm. N=5'90. 
C,;H,,;0.N requires N=5°81 per cent. 
Piperonylidene-m-toluidine, CH,:0,.CgH;°CH:N-C,H,Me, crystal- 
lises from alcohol in small, colourless prisms. It is easily soluble 
in the usual organic solvents, giving colourless solutions, except the 
solution in glacial acetic acid, which is yellow. It melts at 71° 
(corr.) : 
0°2964 gave 14°9 c.c. N, (moist) at 16° and 768 mm. N=5'91. 
C,;H,;0,N requires N=5°86 per cent. 
2-Hydrozy-a-naphthylidene-m-toluidine, OH*C,,H,-°CH:N-C,H,Me, 
crystallises from alcoholic solution in orange-yellow needles. It is 
not affected by light, but shows thermotropy at both the “higher” 
and the “lower temperatures ;” it dissolves in the usual organic 
solvents, exhibiting no differences of colour. It melts at 91°5° 
(corr.) : 
0°2376 gave 10°6 c.c. N, (moist) at 14° and 748 mm. N=5'17. 
C,gH,,;ON requires N=5°37 per cent. 
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2-Hydroxy-a-naphthylidene-B-naphthylamime, 
OH:C,,H, CH:N:-C,,H;, 

which has been previously described (Bartsch, Ber., 1903, 36, 1975), 
crystallises from alcohol in dark orange needles. It is not photo- 
tropic, but exhibits thermotropy at both “the higher” and “the 
lower temperatures.” Its solutions show no difference of colour. 
Its hydrochloride is orange. We find, in agreement with Bartsch, 
that the base melts at 143° (corr.): 

0°2242 gave 9°2 c.c. Ny (moist) at 17°5° and 755 mm. N=4'74. 

C,,H,;ON requires N=4°72 per cent. 
2: 2!-Dihydroxy-di-a-naphthylidene-p-phenylenediamine, 
(OH-C,,H,°CH:N),C,H,. 

~—-This compound consists of small, glistening, crimson-red crystals. 
It is sparingly soluble in organic solvents. It is not affected by 
light, but exhibits thermotropy both at “the higher” and “the 
lower temperatures.” It melts at 307° (corr.): 

0°2226 gave 13°1 c.c..N, (moist) at 18° and 760 mm. N=6'80. 

CogHo,O.N, requires N=6°73 per cent. 

Cinnamylidene-m-toluidine, CsH;-CH:CH*CH:N-C,H,Me, crystal- 
lises from alcohol in dark yellow prisms. It is neither phototropic 
nor thermotropic. It dissolves in the usual organic solvents, the 
solutions being yellow, except that in glacial acetic acid, which is 
red. It forms a deep yellow hydrochloride. The base melts at 
124° (corr.): 

0°2630 gave 14°4 c.c. Ny (moist) at 17°5° and 759 mm. N=6°33. 

CigH,,N requires N = 6°33 per cent. 
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CCXV.—The Condensation of Ketones and Aldehydes 
with the Sodium Deriwative of Ethyl Cyanoacetate. 
Part I. 


By Henry Dent GarpNeER, jun., and Water Norman Haworra. 


In a previous communication by one of us (Haworth, this vol., 480), 
the condensation of cyclic ketones with ethyl sodiocyanoacetate, first 
studied by Harding, Haworth, and Perkin (Trans., 1908, 93, 1944), 
was extended to the more general cases of aldehydes and ketones, such 
as phenylacetaldehyde and acetophenone, in order to discover in 


1956 GARDNER AND HAWORTH: THE CONDENSATION OF 


what direction this condensation might be useful for further synthetic 
work. The results which were obtained at that time seemed to make 
it desirable that simpler cases should be investigated, and the present 
communication is the outcome of experiments in this direction. 

Komppa (Ber., 1900, 33, 3530) has studied the condensation of 
acetone with ethyl cyanoacetate, using a trace of piperidine as the 
condensing agent, and by a process which extended over many weeks 
he succeeded in isolating two definite products. 

The reaction proceeded in two stages : 

COMe, + CN-CH,-CO, Et = CMe,:0(CN)-CO, Et + H,0. 
CMe,-.C(CN)-CO, Et + CN-CH,°CO, Et = 
CO,Et-CH(CN)-:CMe,*CH(CN)-CO,Et. 

We have discovered that the condensation proceeds in quite 
an unexpected direction if sodium ethoxide is employed in the place of 
piperidine. When acetone is condensed with ethyl sodiocyanoacetate, 
the reaction is of a complicated character, the final product being ethyl 
2 : 6-dicyano-1 : 1 : 5-trimethyl-A***-cyclohexadien-3-ol - 6-carboxylate, 

Me<ClON)(CO, ene ON, 

This substance, which melts at 135°, gives a green coloration in 
alcoholic solution with ferric chloride, and dissolves readily in sodium 
carbonate, the increased acidity being probably due to the close 
proximity of the cyano- to the hydroxy-group. 

The course of the reaction may be expressed by assuming that the 
first product is ethyl aa’-dicyano-@8-dimethylglutarate, which was 
obtained as stated above by Komppa. The presence of sodium 
ethoxide in our experiments had the effect of inducing a secondary 
condensation with an extra molecule of acetone to take place : 


CH(CN)*CO,Et , gone, 


CMes< GH (CN)-CO;Et 
CH(CN)-CO-CH,:COMe 
CMey<GH(CN)-CO,Et * 

The latter substance contains four reactive hydrogen atoms, and in 
contact with hydrochloric acid undergoes tautomeric change, with the 
elimination of water and the formation of a six-membered ring : 

C(CN) C(OH) 
CMe: OH(CN)-CO,Et HO: OMJe CH —> 


C(ON 
CMe,<olon\oo, Et): OM 


Striking confirmation of this view of the mechanism of the reaction 
was obtained from the condensation of ethyl cyanoacetate with methyl 
ethyl ketone. In this case the substitution of an ethyl group for one 
of the methyl groups in acetone, modified the result to some extent by 


+ EtOH. 
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introducing the factor of steric hindrance, which was responsible for 
the loss of a carbethoxy-group in the form of ethyl carbonate. As 
before, the initial stage is evidently the formation of ethyl aa’-dicyano- 
f-methy|-8-ethylglutarate, which then reacts with another molecule 
of the ketone, hydrolysis taking place under the influence of sodium 
ethoxide : 
CH(CN):CO, Ht CH(CN):-CO, we . 

OMeEtOHION} "C0" Ht = OME OH ON ‘ON 


CMekt <LON 00, »H):CMe: CHMe 


This open-chain compound subsequently condenses to a six-membered 
ring with formation of an imino-group ; 


CMeEt <CH,ON )(CO,H): ONES CMe = 


vee la 


CMcEt et OLN NH Ole, 


It is important to observe that this is another instance of the 
production of an alicyclic compound by the formation of the imino- 
grouping, which in the case of a five-membered ring has been so 
elegantly worked out by Dr. J. F. Thorpe (this vol., 685). We are 
indebted to his researches on the imino-compounds for the elucidation 
of the constitution of this and other compounds met with in this 
investigation. 

The above imino-compound, 6-imino-3-cyano-1 : 2: 4-trimethyl-4-ethyl- 
Al-cyclohexene-3-carboxylic acid, is yellow and melts at 108° It 
dissolves readily in cold me re acid, and on 
digestion is converted into 3-cyano-1 : 2 : 4-trimethyl-4-ethyl-A' ‘*-cyclo- 
hexadien-6-ol-3-carboxylic acid, 


a <oc CN)(CO;H): CMe cMe, 


which is a liquid boiling at 193°/18 mm. 

By a slight variation of the conditions, a simpler condensation 
product was subsequently obtained, namely, a-cyano-B-methyl-B-ethyl- 
acrylic acid, which on distillation is decomposed with elimination of 
carbon dioxide and formation of B-methy/-B-ethylacrylonitrile : 

CMeEt:C(CN)-CO,H —+> CMeEt:CH-CN. 

When this nitrile is hydrolysed under the conditions described in 
the experimental part 4 this paper (p. 1962), it yields @-methyl-f- 
ethylacrylic acid. 

The constitution of the acid was controlled by oxidation with 
permanganate, when methyl ethyl ketone was recovered from the 
products and identified by its boiling point and the behaviour of its 
semicarbazone, 

VOL. XCV. 6 N 
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From a similar condensation of diethyl ketone with ethyl cyano- 
acetate, a-cyano-B-diethylacrylic acid was isolated, and this readily 
passes with loss of carbon dioxide into the corresponding f-diethyl- 
acrylonitrile : 

CEt,:C(CN)CO,H —> CEt,:CH-CN. 

The condensation has also been carried out with other homologues 
of acetone, namely, methyl propyl ketone and methyl hexyl ketone, 
with results which are exactly analogous to those described above ; 
these are given in detail in the experimental part of this paper. 


EXPERIMENTAL. 
Ethyl 2 :6-Dicyano-1: 1 : 5-trimethyl-A?‘*-cyclohexadien-3-ol-6- 


carboxylate, OMe< oor (one ‘CN. 

A good yield of this acid was obtained under the following 
conditions: Sodium (4°6 grams), dissolved in ethyl alcohol, was 
mixed with ethyl cyanoacetate (22-6 grams), and, after the separation 
of the white sodium derivative, acetone (11 grams) was added to the 
mixture. The white sodium derivative immediately dissolved, 
forming a clear yellow solution, which, on heating for an hour on the 
water-bath, deposited a yellow sodium salt. The product was cooled, 
dissolved in water, acidified with hydrochloric acid, and extracted 
with ether. The extract was washed several times with water, 
and afterwards with [sodium carbonate, which dissolved the chief 
product of the reaction. This alkaline solution was acidified with 
excess of mineral acid, when an oil was deposited which, on keeping 
overnight, crystallised to a hard cake. 

In another experiment, this oil was extracted with ether, and, after 
evaporation, was left to solidify in an open basin, but crystallisation 
did not take place even after the introduction of a crystal of 
the solid substance ; it could only be induced to solidify by leaving 
it in contact with hydrochloric acid for several hours. The agency 
of hydrochloric acid is therefore necessary to complete the last stage 
of the synthesis. The substance was recrystallised from a mixture 
of benzene and light petroleum, or, better, from dilute methyl alcohol, 
from which it separates in colourless needles melting at 135°, 

Owing probably to the strongly negative character of the hydroxy- 
group due to the proximity of a cyano-group, the compound dissolves 
readily in cold sodium carbonate, forming a deep yellow solution, 
which also decolorises permanganate instantly. It is readily soluble 
in benzene or alcohol, and in solution of the latter solvent it gives 
a deep green coloration with ferric chloride. It is sparingly soluble 
in water or light petroleum : 
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0°1220 gave 0°2880 CO, and 0°0680 H,O. C=64:4; H=6:2. 
01333 ,, 13°6 cc. N, at 18° and 755mm. N=11°6. 
C,,H,,0,N, requires C= 64:6; H=6'1 ; N=10°8 per cent. 

The benzoyl derivative crystallises from methyl alcohol in colourless 
needles, melting at 116°, and containing one molecule of water 
of crystallisation. This derivative dissolves in the ordinary organic 
solvents, but is insoluble in cold alkali, and gives no coloration with 
ferric chloride : 

01123 gave 0°2700 CO, and 0:0600 H,O. C=65°6; H=5°9. 

01080 ,, 7O0cc. N, at 18° and 752 mm. N=7°4. 

C,,H,,0,N,,H,O requires C= 66:0 ; H=5°8 ; N=7°3 per cent. 


6-Imino-3-cyano-1 : 2 : 4- trimethyl-4-ethyl-A}-cyclohexene - 3-carboxylic 


Acid, CMeRt< oy tol: NH)>OMe. 


In preparing the above acid, sodium (11°5 grams), dissolved in 
absolute ethyl alcohol, was mixed with ethyl cyanoacetate 
(565 grams), and as soon as the white sodium compound had 
separated, methyl ethyl ketone (36 grams) was introduced into 
the very hot mixture, which was then heated for two hours on 
the water-bath. The white sodium compound first dissolved, forming 
a clear yellow solution, from which a bulky, yellow precipitate 
gradually separated. After cooling, the product was dissolved in 
water, acidified with very dilute hydrochloric acid, and extracted 
with ether. The ethereal solution was washed until free from 
alcohol and shaken with dilute sodium carbonate solution; the 
slight residue remaining in the ether consisted of unchanged ketone 
and ethyl carbonate along with some neutral oils, the investigation 
of which is not yet complete. The sodium carbonate extract was 
acidified with dilute hydrochloric acid, the solution during the process 
being kept in violent agitation, until the oil suddenly became solid. 
This was immediately collected, well washed, and spread on porous 
porcelain, and, when quite dry, ‘recrystallised from benzene, from 
which solvent it separated in light yellow needles, melting and 
decomposing at 108°: 

0°1411 gave 0°3444 CO, and 0:0991 H,O. C=665; H=7°8. 

01516 ,, 166 c.c. N, at 12° and 762mm. N=13°0. 

C,,H,,0,N, requires C= 66°6 ; H=7:'7; N=12°0 per cent. 

A titration with WV/10-sodium hydroxide gave the following 
results : 

0°2698 required 0°0454 NaOH, whereas the same weight of a 

monobasic acid, C,,H,,O,N,, requires 0°0461 NaOH. 
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6-Imino-3-cyano-1 : 2 : 4-trimethyl-4-ethyl-A}-cyclohexene-3- carboxylic 
acid is soluble in benzene or alcohol, but sparingly so in light 
petroleum; it decomposes slowly in contact with the air, Its 
solution in alcohol becomes deep brown on the addition of ferric 
chloride. It also dissolves at once in concentrated hydrochloric acid, 
which effects the hydrolysis of the imino-group. 


3-Cyano-1 : 2 : 4-trimethyl-4-ethyl-A’‘*-cyclohexadien-6-ol, 
CMeEt< 


CH(CN):CMe 
CH——C(0OH) 
The imino-compound just described was dissolved in cold con- 
centrated hyd-ochloric acid, and, after twelve hours, the solution was 
diluted by adding twice its volume of water and digested for two 
hours in a reflux apparatus ; carbon dioxide was evolved and an oily 
layer appeared on the top of the liquid. This was extracted with 
ether, evaporated, and distilled under diminished pressure, when 
almost the whole passed over at 193—194°/18 mm. as a colourless 
oil, The product was now insoluble in cold sodium carbonate, 
although it dissolved slightly on boiling ; the oil dissolved at once in 
potassium hydroxide when sufficiently dilute, forming a yellow 
solution, but the potassium salt is only sparingly soluble in 
concentrated alkali: . 
0°1002 gave 0°2780 CO, and 0:0782 H,O. C=75°6; H=8°7. 
01136 ,, 75cc. N, at 18° and 758mm. N=7°6. 
C,.H,,ON requires C=75°4; H=8-9 ; N=7°3 per cent. 

The substance is an oil with an odour resembling that of a nitrile ; 
its solution in alcohol gives a dark red coloration with ferric chloride. 
It readily forms a benzoy/ derivative, but as this showed no signs of 
crystallising it was distilled under diminished pressure, when it boiled 
constantly at about 250°/40 mm., and gave the following numbers on 
analysis : 

0°1177 gave 0°3307 CO, and 00749 H,O. C=76-7; H=7'1. 

C,,H,,0,N requires C=77°3 ; H=7-1 per cent. 

The benzoyl derivative is insoluble in alkalis, and does not give a 
coloration with ferric chloride. 

The carbonate of the hydroxy-acid was also prepared by leading a 
stream of carbony! chloride into an aqueous solution of the potassium 
salt. An oil was precipitated, which was extracted with ether, and, as 
it did not solidify, was distilled under 25 mm. pressure, when it 
passed over at 260° as a viscid, colourless liquid : 

0°1203 gave 0:3228 CO, and 0:0866 H,O. C=73-2; H=8-0. 

C 5H,,.0,N, requires C= 73°5 ; H={7°8 per cent. 


SOMe. 
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B-Methyl-B-ethylacrylonitrile, CMeEt:CH:CN. 


By a modification of the method employed in the condensation of 
equimolecular quantities of methyl ethyl ketone and ethyl sodiocyano- 
acetate described above (p. 1959), an oily mixture was obtained which 
could not be crystallised ; it is explained below that this was due to 
the course of the initial reaction having proceeded in a rather different 
direction. In the former preparation care was taken to bring 
together the reacting substances in such a way as to produce as 
vigorous a reaction as possible at the beginning ; but if on the other 
hand the reagents are allowed to cool before mixing, and the initial 
stage of the condensation is thus rendered less violent, the oil which 
is precipitated from the sodium carbonate solution by mineral acid does 
not crystallise. 

Subsequent investigation showed that the course which the 
reaction follows under these conditions is : 

COMeEt + CN-CHNa’CO,Et —> CMeEt:C(CN)-CO,H, 

whilst at the same time a small quantity of 6-imino-3-cyano-1 : 2; 4- 
trimethyl-4-ethyl-A}-cyclohexene-3-carboxylic acid (p. 1959) is also 
formed. This was demonstrated by submitting the oily mixture of 
acids to fractional distillation under diminished pressure ; the process 
is accompanied by the elimination of carbon dioxide and the formation 
of an oil possessing the disagreeable odour of a nitrile, which passed 
over at 95—105°/100 mm. in the first instance. A further small 
fraction was collected at 180°/150 mm. The lower boiling fraction 
consisted of 8-methyl-8-ethylacrylonitrile, which was further purified 
by repeated distillation, and then analysed : 

0°1308 gave 17°1 c.c. N, at 16° and 743 mm. N=14°9. 

C,H,N requires N = 14°7 per cent. 

B-Methyl-B-ethylacrylonitrile is a colourless, mobile liquid, which 
distils at 101°/100 mm. 

The higher boiling fraction gradually solidified, and, after draining 
on porous porcelain, was recrystallised from benzene, from which 
solvent it separates in long needles melting at 184°. The investigation 
of this substance is not yet complete; it seems to possess a high 
molecular weight and a rather complex constitution : 

0-°1789 gave 04647 CO, and 0:0929 H,O. C=70°8; H=5'8. 

01211 ,, 166cc. N, at 16° and 756mm. N=15°9. 

After the fractionation a considerable residue remained behind in 
the flask, which was found to have crystallised ; this on purification 
melted at 108°, and was identified as the iminocarboxylic acid of this 
melting point. 
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B-Methyl-B-ethylacrylic Acid, CMeEt:CH-CO,H. 


The hydrolysis of 8-methyl-8-ethylacrylonitrile is best carried out 
by digesting it for twenty-four hours with 20 per cent. alcoholic 
sulphuric acid, when, on cooling, crystals of ammonium sulphate 
separate out. The product was poured into water, extracted with 
ether, the ethereal solution well washed with water, and then 
evaporated. The residual oil was digested for a few minutes with 
methyl-alcoholic potash, then poured into water, and the neutral 
pertion extracted with ether. The aqueous solution was acidified, 
when an oil separated, which was dissolved in ether, and the ethereal 
solution was dried and evaporated ; the residue distilled at 208° under 
the ordinary pressure : 

0°1143 gave 0°2640 CO, and 0°0900 H,O. C=63:0; H=8°8. 

C,H,,0, requires C= 63°'2; H=8'8 per cent. 

A titration with V/10-sodium hydroxide gave the following result : 
0°2042 required 0:0720 NaOH, whereas the same weight of a monobasic 
acid, C,H,,0,, requires 0°0717 NaOH. 

B-Methyl-B-ethylacrylic acid is a colourless, mobile liquid, possessing 
an odour characteristic of olefinic acids; it is sparingly soluble in 
water, and a solution of its sodium salt instantly decolorise 
permanganate. 

The anilide is a colourless substance melting at 93—94°: 

0:0800 gave 5-4.c.c. N, at 20° and 752mm. N=7°6. 

C,,H,,ON requires N =7°4 per cent. 

Oxidation.—About 5 grams of the acid were dissolved in excess 
of dilute sodium carbonate in presence of powdered ice, and a 1 per 
cent. solution of potassium permanganate was slowly added. As soon 
as the oxidation was complete, the product was subjected to steam 
distillation, when an oil having the odour of a ketone passed over 
and was salted out from the distillate and extracted. with ether. 
After removal of the ether, an oil, boiling at about 80°, remained, 
which was easily identified as methyl ethyl ketone by its general 
properties and by the melting point of its semicarbazone. 


5-Imino-2-cyano-1 : 3-dimethyl-6-ethyl-3-propyl-A®-cyclohexene- 


2-carboxylic Acid, CMePr <oH (CO, ret. NBD Ct. 

A hot solution of sodium (5-7 grams) in alcohol was treated with 
ethyl cyanoacetate (28 grams), and, after the separation of ethy] sodio- 
cyanoacetate, methyl propyl ketone (21:5 grams) was quickly added to 
the hot mixture. The reaction proceeded as before, and the product 
was worked up as described in the previous cases. The amount of 
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neutral oil formed was too small to investigate; the acid separated 
from the sodium carbonate extract as an oil, which, on stirring, soon 
solidified. It was collected, washed, drained on a porous tile, and then 
recrystallised from benzene, in which solvent it is almost insoluble in 
the cold; it separates in glistening leaflets, melting and decomposing 
at 113—114°: 

0°1672 gave 0°4226 CO, and 0:1290 H,O. C=689; H=8°6. 

0°1504 ,, 13:7 cc. N, at 13° and 746mm. N=10°6. 

C,,H,,.0,N, requires C=68°7 ; H=8°4; N=10'7 per cent. 

A titration with V/10-sodium hydroxide gave the following results : 
0°3160 required 0°0479 NaOH, whereas the same weight of a mono- 
basic acid, C,,H,,O,N,, requires 0°0482 NaOH. 

The imino-acid decomposes slowly on exposure to the air ; it is readily 
soluble in alcohol or hot benzene, but only sparingly so in light 
petroleum. Concentrated hydrochloric acid dissolves it at once, effect- 
ing the hydrolysis of the imino-group and the production of the 
corresponding hydroxy-acid. The addition of ferric chloride to a little 
of the acid dissolved in alcohol causes the precipitation of a brown 
substance. 


B-Methyl-B-propylacrylonitrile, CMePr:CH-CN. 


By moderating the conditions of the experiment described above, so 
as to produce a less energetic reaction, an oily mixture of acids, similar 
in constitution to that obtained under parallel conditions in the case 
of methyl ethyl ketone (p. 1961), was precipitated from the sodium 
carbonate solution. The oil was dissolved in ether as before, and the 
oily residue, after evaporation, was slowly distilled under diminished 
pressure, when almost the whole passed over between 90° and 100°/ 
30 mm. The initial product of the condensation is doubtless a-cyano- 
B-methy]-8-propylacrylic acid, which readily passes on distillation into 
B-methyl-B-propylacrylonitrile. This is a light, colourless oil, possessing 
the pungent odour characteristic of nitriles, and boiling at 95—96°/ 
30 mm. : 

0°1530 gave 17°4 cc. N, at 12° and 748mm. N=13°2. 

C,H,,N requires N = 12°8 per cent. 


B-Methyl-B-propylacrylic Acid, CMePr:CH:CO,H. 


The nitrile just described was readily hydrolysed by digesting it for 
eighteen hours with 20 per cent. alcoholic sulphuric acid, and subse- 
quently treating the ester thus formed with methyl-alcoholic potash 
(see p. 1962). On acidifying the solution of the potassium salt, an 
oil was obtained which distilled at 222—-225° under ordinary pressure. 
This acid is a mobile, colourless liquid, having the odour of fatty acid 
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a solution of its sodium salt decolorised permanganate instantly ; it 
also combines freely with bromine in a chloroform solution : 
0°1265 gave 0°3019 CO, and 0°1058 H,O. C=65:1; H=9'3. 
C,H,.0, requires C= 65°6 ; H=9-4 per cent. 


B-Methyl-B-heaylacrylonitrile and B-Methyl-B-hexylacrylic Acid, 
C,H,,*CMe:CH:CO,H. 

Sodium (4°6 grams), dissclved in alcohol, was mixed with ethyl 
cyanoacetate (22°6 grams), and to the hot solution methyl hexyl ketone 
(26 grams) was added, and the product worked up as described in 
previous cases (p. 1959). In this example, no solid acid was isolated in 
the first instance, so that the oil was subjected to fractional distillation 
under 100 mm. pressure, when carbon dioxide was eliminated, and a 
large fraction of oil was collected at about 130°. A considerable residue 
remained behind in the flask, and a portion of this afterwards solidified 
(see below). The distillate was further purified, and, on analysis, 
gave numbers agreeing with the formula of B-methyl-B-hexylacrylo- 
nitrile : 

0°1220 gave 9°8 c.c. N, at 15° and 762 mm. N=9°4, 

C,,H,,N requires N = 9°3 per cent. 

This nitrile was digested for eighteen hours with 20 per cent. 
alcoholic sulphuric acid, and the resulting ester treated with methyl- 
alcoholic potash. On acidifying the alkaline solution after adding 
water, an oily acid was obtained which distilled constantly at 
158°/20 mm. £-Methyl-B-hexylacrylic acid is a colourless oil, possessing 
an olefinic odour, and when dissolved in sodium carbonate it 
decolorises permanganate at once : 

01560 gave 0°4030 CO, and 0°1502 H,O. C=70°4; H=10°7. 

C,,H,,0, requires C=70°6 ; H=10°6 per cent, 

To determine its basicity, the acid was titrated with W/10-sodium 
hydroxide : 0°1860 required 0°0431 NaOH, whereas the same weight 
of a monobasic acid, C,,H,,O,, requires 0°0435 NaOH. 


5-Imino-2-cyano-1 : 3-dimethyl-6-amyl -3-heaxyl-A’-cyclohexene-2- 
carboxylic Acid, C,H,,"CMe o<oH C03 aero NH) COs 


It is mentioned above that the residue remaining in the flask 
after the distillation of the product obtained from the condensa- 
tion of methyl hexyl ketone partly solidified, and this solid was found 
to be an acid. It was further purified by dissolving in sodium 
carbonate and reprecipitating with mineral acid, when a. solid 
separated. This was collectedsand drained on porous porcelain, and 
then recrystallised from methyl alcohol, from which solvent it 


3 it 


bhyl 
one 
| in 
1 in 
tion 
da 
due 
fied 
‘sis, 
ylo- 


ont. 
ryl- 
ing 
at 
ing 
it 


um 
yht 


> 


KETONES AND ALDEHYDES, ETC. 1965 


separates in almost colourless leaflets, melting and decomposing at 
136—137°. The analytical results indicate that it is an iminocyclo- 
hexenecarboxylic acid, analogous to those previously described on 
p. 1959, and, like these, it is unstable towards permanganate 

0°1181 gave 0°3165 CO, and 0:1009 H,O. C=73'1; H=9°5. 

01172 ,, 85ecc. N, at 15° and 760mm. N=8°4. 

C,,H,,0,N, requires C=72°8 ; H=9°8; N=8:l per cent. 

Hydrochloric acid effects the hydrolysis of the imino-group, forming 

the corresponding hydroxycarboxylic acid. 


a-Cyano-BB-diethylacrylie Acid, CEt,:C(CN):CO,H. 


Ethyl sodiocyanoacetate was prepared by treating ethyl cyano- 
acetate (28 grams) with sodium (5‘7 grams) dissolved in alcohol, add- 
ing diethyl ketone (21°5 grams) to the hot mixture, and boiling 
the whole for two hours on the water-bath. The reaction proceeded 
rather more slowly than in experiments with other ketones, and the 
yield of oil obtained from the sodium carbonate solution was much 
smaller. The product was worked up exactly as in other cases, and, 
after some days, the oily acid deposited large crystals, which were 
pressed on a porous tile and, when free from oil, recrystallised from 
light petroleum, from. which the substance separated in colourless, 
elongated prisms melting at 55°. a-Cyano -BB-diethylacrylic acid is 
sparingly soluble in light petroleum, very soluble in benzene, ethyl 
acetate, or alcohol. 

A titration showed it to be monobasic: 0:1374 required 0°0360 
NaOH, whereas the same weight of a monobasic acid, C,H,,0,N, 
requires 0°0359 NaOH. 

0°1474 gave 0°3431 CO, and 0:0964 H,O. C=63°4; H=7:2. 

01448 ,, 11:2 cc. N, at 13° and 758mm. N=9'l. 

C,H,,0,N requires C=62'7; H=7:2; N=9l per cent. 

The above cyano-acid is decomposed on distillation with elimination 
of carbon dioxide and formation of Bf-diethylarylonitrile, which is a 
colourless oil distilling at 90°/25 mm. We were unable through lack of 
material to prepare the corresponding ({f-diethylacrylic acid by 
hydrolysis of the nitrile : 

0°1644 gave 19:0 cc. N, at 16° and 745 mm. N=13°1. 

C,H,,N 1equires N = 12°8 per cent. 


We desire to express our indebtedness to Prof. W. H. Perkin for 
the interest he has taken in this investigation. 


Tae UNIVERSITY, 
MANCHESTER. 
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separates in almost colourless leaflets, melting and decomposing at 
136—137°. The analytical results indicate that it is an iminocyelo- 
hexenecarboxylic acid, analogous to those previously described on 
p. 1959, and, like these, it is unstable towards permanganate 

0'1181 gave 0°3165 CO, and 0:1009 H,O. C=73':1; H=9°5. 

01172 , 85cc. N, at 15° and 760mm. N=8-4. 

C,,H,,0,N, requires C=72°8 ; H=9°8; N=8'l per cent. 

Hydrochloric acid effects the hydrolysis of the imino-group, forming 

the corresponding hydroxycarboxylic acid. 


a-Cyano-BB-diethylacrylic Acid, CEt,:C(CN):CO,H. 


Ethyl sodiocyanoacetate was prepared by treating ethyl cyano- 
acetate (28 grams) with sodium (5°7 grams) dissolved in alcohol, add- 
ing diethyl ketone (21‘5 grams) to the hot mixture, and boiling 
the whole for two hours on the water-bath. The reaction proceeded 
rather more slowly than in experiments with other ketones, and the 
yield of oil obtained from the sodium carbonate solution was much 
smaller. The product was worked up exactly as in other cases, and, 
after some days, the oily acid deposited large crystals, which were 
pressed on a porous tile and, when free from oil, recrystallised from 
light petroleum, from which the substance separated in colourless, 
elongated prisms melting at 55°. a-Cyano-B-diethylacrylic acid is 
sparingly soluble in light petroleum, very soluble in berfzene, ethyl 
acetate, or alcohol. 

A titration showed it to be monobasic: 0°1374 required 0°0360 
NaOH, whereas the same weight of a monobasic acid, C,H,,0,N, 
requires 0°0359 NaOH. 

01474 gave 0°3431 CO, and 0:0964 H,O. C=63:4; H=7°2. 

01448 ,, 112ec. N, at 13° and 758mm. N=9'l. 

C,H,,0,N requires C=62°7; H=7:2; N=9-l per cent. 

The above cyano-acid is decomposed on distillation with elimination 
of carbon dioxide and formation of B8-diethylacrylonitrile, which is a 
colourless oil distilling at 90°/25 mm. We were unable through lack of 
material to prepare the corresponding #f-diethylacrylic acid by 
hydrolysis of the nitrile : 

01644 gave 19:0 cc. N, at 16° and 745mm. N=13'1. 

C,H,,N requires N = 12°8 per cent. 


We desire to express our indebtedness to Prof. W. H. Perkin for 
the interest he has taken in this investigation. 
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CCXVI.—The Configuration of Tropine and y-Tropine, 
and the Resolution of Atropine. 


By Marmaduke BarRowc.irr and Frank TvorTIN. 


THE base tropine, obtained by the hydrolysis of the alkaloids 
atropine and hyoscyamine, has been shown by Willstatter (Ber., 
1898, 31, 1534) to possess the following constitutional formula: 
CH,-CH—CH, 
NMe OH-OH. 
CH,-CH——CH, 

Liebermann (Ber., 1891, 24, 2332) obtained from Java coca leaves 
an alkaloid, designated tropacocaine, which he proved to be the 
benzoyl derivative of a base isomeric with tropine. This base has 
been designated y-tropine, and Willstatter has shown (Ber., 1896, 
29, 936) that it may readily be obtained from tropine by heating 
the latter with sodium amyloxide. 

Tropine and y~-tropine both possess the same structural formula, 
for, on oxidation, they each yield tropinone, whilst the latter, when 
reduced, gives a mixture of the two hydroxy-bases (Willstitter and 
Iglauer, Ber., 1900, 33, 1170). Willstatter concluded, therefore, 
that a cis-trans-isomerism, dependent on the relative positions in 
space of the hydroxyl and methyl groups, existed between tropine 
and y-tropine. Objection to this explanation might be made on the 
ground that no quite parallel case of isomerism seems to have been 
observed, and it therefore appeared to the present authors that it 
should not be accepted unreservedly so long as another explanation 
is possible. 

The tropine molecule contains two similar asymmetric carbon 
atoms, and the base should therefore be capable of existing in a 
racemic and an internally compensated form.’ The possibility of 
these two optically inactive modifications being represented by 
tropine and y-tropine had been considered by Willstiatter, but he 
rejected this explanation, as both bases, on oxidation, yielded the 
same ketone. It seemed to the present authors, however, that the 
possibility of the difference between tropine and y-tropine being 
dependent on the configuration of the two asymmetric carbon atoms 
was not entirely excluded, for each of these bases might undergo 
racemisation during the process of oxidation, thus yielding identical 
ketonic products. Tropinone would then be a mixture of the 
racemic and meso-ketonic bases, and this would account for its 
yielding both tropine and y-tropine on reduction. On the other 
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hand, if racemisation does not occur during the oxidation of tropine 
or y-tropine, it was thought possible that two compounds so nearly 
related as racemic and meso-tropinones might be so similar in 
properties that their individuality had been overlooked. 

In view of the above considerations, therefore, it would appear 
that the formation of y-tropine by the action of sodium amyloxide 
on tropine might be a process of racemisation, and this seemed to 
be in harmony with the experimental facts, since the change in 
question is never complete. Thus, in our experiments on the pre- 
paration of y-tropine, about 35 per cent. of the basic product 
resulting from the treatment with sodium amyloxide was found to 
consist of an uncrystallisable mixture of tropine and y-tropine, and 
Willstatter mentions that the yield of pure y-base obtained by 
him did not exceed 50 to 55 per cent. of that theoretically possible. 
It appeared, therefore, that the action of sodium amyloxide on 
tropine resulted in the formation of an equilibrium mixture of this 
base and y-tropine, just as the action of alkali on pilocarpine or 
isopilocarpine results in the production of an equilibrium mixture 
of these two stereoisomeric bases (Jowett, Trans., 1905, 87, 794). 
This, however, is not the case, since the change is irreversible, no 
tropine being formed by the action of sodium amyloxide on 
y-tropine. 

Apart from the question of the relation of tropine to -tropine, 
the individual configuration of each of these bases requires to be 
established. This point was considered by Gadamer (Arch. Pharm., 
1901, 239, 294), who drew the conclusion that tropine was internally 
compensated, since hyoscyamine yielded inactive tropine, even when 
hydrolysed only with water, and he did not consider it likely that 
a naturally occurring compound would be partially racemic. Much 
value should not, however, be attached to the grounds on which 
Gadamer based his conclusions, for partially racemic compounds do 
occur in nature, as an example of which prulaurasin may be quoted 
(Hérissey, Compt. rend., 1905, 141, 959). Moreover, as proved in 
the present investigation, hyoscyamine always suffers some racemisa- 
tion when liberated from its salts, and this change might occur in 
the tropine part of the molecule. That is to say, that if free 
hyoscyamine were partially racemic, the base, when in the form of 
its naturally occurring salts, might, nevertheless, be a derivative of 
optically active tropine. 

With the object, therefore, of definitely establishing the con- 
figuration of tropine and of y-tropine, we have conducted experi- 
ments on the resolution of these bases, and some of their derivatives, 
by fractionally crystallising their salts with certain optically active 
acids. It may at once be stated that the results of these experi- 
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ments point to the conclusion that both the bases in question are 
internally compensated compounds. The relation between them 
must, therefore, be of the nature of a cis-trans-isomerism, as con- 
cluded by Willstiitter (Joc. cit.). Attempts were made to racemise 
tropine by heating the latter at high temperatures with hydrochloric 
acid, but these were unsuccessful. 

y-Tropine d-camphorsulphonate (m. p. 224—226°) and d-bromo- 
camphorsulphonate (m. p. 180°) were prepared and fractionally 
crystallised, but no evidence of resolution could be obtained. The 
normal and hydrogen d-tartrates were also prepared, but these salts 
could not be crystallised. The d-camphorsulphonate (m. p. 
176—177°) and d-bromocamphorsulphonate (m. p. 190°) of benzoyl- 
y-tropeine were then prepared; these salts crystallised well, and 
were submitted to a prolonged fractionation, but no separation could 
be effected in either case. 

Tropine d-camphorsulphonate (m. p. 236°) and benzoyltropeine 
d-camphorsulphonate (m. p. 240°) were next investigated, and were 
found, like the preceding salts, to be incapable of resolution. 
Finally, tropinone was prepared, both from tropine and from 
y-tropine, and the base obtained from each source was converted into 
its d-camphorsulphonate. The two preparations of tropinone 
d-camphorsulphonate (m. p. 216°) thus obtained were found to be 
incapable of resolution, and were in all respects identical. 

Further and conclusive proof that tropine is an internally com- 
pensated compound was obtained by a study of the resolution of 
atropine. This base is, of course, the tropine ester of dl-tropic 
acid, the latter containing one asymmetric carbon atom. Now, 
if atropine is a derivative of internally compensated tropine, 
it would, on resolution, yield only two bases, but if it is derived 
from racemic tropine, it should be capable of resolution into four 
stereoisomeric bases, or, at all events, in the latter case, it would 
be possible to obtain proof of the existence of more than two 
isomerides. Atropine d-camphorsulphonate was therefore prepared, 
and submitted to fractional crystallisation. It was then found that 
resolution was readily effected, but the operation yielded only two 
salts, namely, d- and l-hyoscyamine d-camphorsulphonates. Atropine 
must therefore contain only one racemic asymmetric carbon atom, 
namely, that contained in the tropic acid molecule. 

l-Hyoscyamine d-camphorsulphonate melts at 159°, and the 
specific rotation of the base contained in it, calculated from that 
of the salt, is [a],,—32°1°. This figure is considerably higher than 
any value previously obtained for the rotation of hyoscyamine, the 
pure base being usually stated to have about [a],—21°0°. It was, 
however, found impossible directly to obtain from the camphor- 
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sulphonate a base of higher rotatory power than about [a], —20°0°. 
That this decrease in optical activity was due to the fact that 
racemisation had occurred was proved by reconverting the base 
into the camphorsulphonate, when a rather impure product was 
obtained, from which, by fractional crystallisation, it was possible 
to separate the salt of a dextrorotatory base. A preparation of 
l-hyoscyamine having [a], —25°8° was, however, obtained by frac- 
tionally crystallising, from an anhydrous solvent, a quantity of the 
base having [a],-—20°0°. The ease with which hyoscyamine under- 
goes racemisation in presence of water is shown by the fact that 
the rotation diminishes on allowing the base to remain dissolved 
in moist chloroform. These observations render it evident that no 
optically pure hyoscyamine has yet been obtained, and that, in all 
probability, the only salts of this base which have been prepared 
in a state of purity are those described in the present com- 
munication. 

d-Hyoscyamine d-camphorsulphonate was obtained pure only with 
considerable difficulty. It melts at 135°, and yields a base possess- 
ing properties similar to those of its optical antipode. d-Hyos- 
cyamine has not been observed to occur in nature, but it has been 
obtained synthetically, although only in an impure state. Laden- 
burg and Hundt (Ber., 1889, 22, 2590) prepared a base by com- 
bining d-tropic acid with tropine. This product they called 
“ d-atropine,” but more recent work has rendered it evident that, 
in reality, it was impure d-hyoscyamine. Amenomiya (Arch. 
Pharm., 1902, 240, 498), employing a method similar to that used 
by Ladenburg and Hundt, prepared a d-hyoscyamine of greater 
purity. This preparation had [a],+23°0° when in the form of 
its hydrochloride, the latter having been obtained from the auri- 
chloride without liberation of the base. Amenomiya, however, did 
not determine the rotation of the free base obtained from the salt 
which he had thus prepared. 

Particular interest is attached to the resolution of atropine, 
inasmuch as it is known that the two stereoisomeric hyoscyamines 
differ greatly in their respective physiological activities. Thus, 
Cushny (J. Physiol., 1904, 30, 176) has shown that /-hyoscyamine 
([@])—21°0°) has about fourteen times the activity of the d-hyos- 
cyamine prepared by Amenomiya. The material employed by 
Cushny was, however, not only partially racemised, but was also, in 
the case of the d-base, extremely limited in amount. A more 
complete comparison of the physiological actions of the two 
isomerides has therefore been made by Dr. P. P. Laidlaw, 
at the Wellcome Physiological Research Laboratories, with the 
employment of the optically pure d-camphorsulphonates obtained 
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by the resolution of atropine. It has thus been rendered evident 
that the two optical antipodes have, qualitatively, essentially the 
same physiological action, and differ only in the intensity of their 
effects. The ratio of activity of the /- to the d-isomeride has been 
found, however, when employing the pure salts, to be much greater 
than was indicated by Cushny. Thus, the mydriatic action of 
the former base was found to be about one hundred times that of 
the latter, whilst the paralysis of the vagus induced by them was 
in the ratio of 25: 1, or possibly rather greater. 


EXPERIMENTAL. 
Tropine. 


Tropine d-camphorsulphonate.—This salt is very readily soluble 
in water or alcohol. It crystallises well, however, from a mixture 
of alcohol and ethyl acetate, or from chloroform, giving large, 
tabular crystals, melting at 236°: 

0°1138 gave 0°2408 CO, and 0°0871 H,O. C=57'7; H=85 

C,H,,ON,C,,H,,0, 8 requires C=57'9; H=8'3 a cent. 

The salt was fractionally crystallised under various conditions, 
but no appreciable difference could be detected between any of the 
resulting fractions: 

0°3761, made up to 25 c.c. with chloroform, gave a,+0° 58’ in a 
2-dem. tube, whence [a], + 32°1°. 

0°4123, made up to 25 c.c. with water, gave a)+0° 27! in a 
2-dem. tube, whence [a],,+13°6° and M,+50°6°. 

Benzoyltropeine d-camphorsulphonate.—Benzoyltropeine was pre- 
pared by Ladenburg (Annalen, 1883, 217, 82) by the interaction 
of tropine and benzoic acid. An improved method of preparation 
has recently been described by Jowett and Pyman (this vol., p. 1028), 
who heated tropine hydrochloride with benzoyl chloride, thereby 
obtaining 77 per cent. of the theoretical yield of benzoyltropeine 
hydrochloride. The present authors, however, found that a prac- 
tically theoretical yield of the latter salt could be obtained in a 
few minutes by employing free tropine instead of its hydrochloride. 
The base was added to an excess of benzoyl chloride, and the 
mixture heated to the boiling point of the latter. An additive 
compound of the base and the acid chloride, analogous to the 
corresponding compound obtained from pyridine, appeared first to 
be formed, but, when the temperature was raised, this soon re- 
dissolved, whereupon the hydrochloride of the benzoylated base 
rapidly separated. The cooled mixture was then diluted with 
ether, and the hydrochloride collected. After being once crystal- 
lised from alcohol, it melted and decomposed at 267° (uncorr.). 
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Benzoyltropeine d-camphorsulphonate crystallises readily from a 
mixture of ethyl acetate and alcohol, forming small, flattened 
needles, which melt at 240°: 

0°1131 gave 02600 CO, and 0°0773 H,O. C=62'7; H=7°6. 

C,;HgO.N,C,)H,,0,8 requires C=62°9; H=7°3 per cent. 

0°4012, made up to 20 c.c. with water, gave a,+0° 26/ in a 
2-dem. tube, whence [a], +10°8° and M,+51°5°. 

The salt was submitted to a very thorough fractionation, but no 
resolution could be effected. 


y-Tropine. 


y-Tropine was prepared according to the method described by 
Willstatter (Ber., 1896, 29, 936). The base was purified by dis- 
tillation, followed by crystallisation from a mixture of benzene and 
light petroleum. The mother liquors from the first crystallisation 
contained a quantity of oily material, amounting to about 35 per 
cent. of the total product. As this could not be crystallised, it 
was benzoylated by heating with benzoyl chloride, and the resulting 
hydrochloride of the benzoylated product crystallised from alcohol. 
The material thus obtained formed colourless needles, melting at 
241°, and appeared to be quite homogeneous; it yielded a picrate 
melting at 216—217°. The product, however, was found to be a 
mixture of the hydrochlorides of benzoyltropeine and _ benzoyl- 
y-tropeine, apparently in equal proportions, since, by the addition 
of successive portions of picric acid solution, it first yielded 
benzoyltropeine picrate (m. p. 249—250°), and finally benzoyl- 
y-tropeine picrate (m. p. 238—239°). 

y-Tropine d-camphorsulphonate.—This salt crystallised readily 
from a mixture of alcohol and ethyl acetate, forming flat prisms, 
which were anhydrous, and melted at 224—226°: 

0°1101 gave 0°2337 CO, and 0°0842 H,O. C=57°8; H=8°5. 

C,H,;ON,C,,)H,,0,8 requires C=75°9; H=8'3 per cent. 

y-Tropine d-camphorsulphonate is very readily soluble in water, 
ethyl, methyl, and amyl alcohols, and in chloroform, but only very 
sparingly soluble in ethyl acetate, acetone, benzene, or toluene. 
It was fractionally crystallised from both cold and boiling solvents, 
but no evidence of resolution could be obtained: 

0°4682, made up to 25 c.c. with alcohol (98 per cent.), gave 
@,+0° 59/ in a 2-dem. tube, whence [a],, + 26°3°. 

0°4119, made up to 25 c.c. with water, gave a,+0° 27’ in a 
2-dem. tube, whence [a], +13°7° and M,,+51°2°. 

W-Tropine d-bromocamphorsulphonate.—The . solubilities of this 
salt are similar to those of the corresponding d-camphorsulphonate. 
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It is deposited from cool, saturated solutions in large prisms, but 
separates from a boiling mixture of ethyl acetate and alcohol in 
fine needles. When anhydrous it melts at 180°, but it separates 
from moist solvents in needles, which contain one molecule of water 
of crystallisation, and melt at 112°: 


0°9388 of hydrated salt, on heating at 100°, lost 0°0344 H,O. 
H,0,=3°7. 
0°1269 of anhydrous salt gave 0°2229 CO, and 0°0788 H,O. 
C=47°9; H=6°9. 
C,H,;ON,C,,H,,0,BrS,H,O requires H,O=3°8 per cent. 
C,H,;,0N,C,,9H,;0,BrS requires C=47°38; H=6°6 per cent. 
0°4457 of anhydrous salt, made up to 25 c.c. with chloroform, 
gave a,+2° 28/ in a 2-dem. tube, whence [a], + 69°19. 
0°5030 of anhydrous salt, made up to 25 c.c. with water, gave 
a, + 2° 26’ in a 2-dem. tube, whence [a], +60°5° and M, + 273°3°. 


Prolonged fractional crystallisation of this salt gave no evidence 
of resolution. 

Benzoyl-y-tropeine d-camphorsulphonate. — Benzoyl-y-tropeine 
(tropacocaine) was prepared in a manner similar to that employed 
for the preparation of benzoyltropeine; the yield was practically 
quantitative. The hydrochloride of the base was found to melt at 
283° (uncorr.), a temperature 12° higher than that recorded by 
Liebermann (loc. cit.) and by Wilistatter (/oc. cit.) for the melting 
point of benzoyl-~-tropeine (tropacocaine) hydrochloride. The 
aurichloride melted at 208°, and was analysed: 


0°1391 gave 0°0468 Au. Au=33'6. 
C,;H,,0,N,HAuCl, requires Au=33°7 per cent. 

Benzoyl--tropeine d-camphorsulphonate crystallises very readily 
from a mixture of ethyl acetate and alcohol, forming large prisms, 
melting at 176—177°: 

0°1236 gave 0°2846 CO, and 0°0823 H,O. C=62°8; H=7°4. 

C,;Hjg0.N,C,,H,,0,8 requires C=62°9; H=7°3 per cent. 

0°5412, made up to 20 c.c. with water, gave a,+0° 36/ in a 

2-dem. tube, whence [a],+11°1° and M,+51°8°. 


The salt was separated into a large number of fractions, but no 
evidence of resolution could be obtained. 

Benzoyl--tropeine d-bromocamphorsulphonate.—This salt differs 
from the sulphonates above described, inasmuch as it forms a 
hydrate which is only sparingly soluble in cold water. This 
compound forms slender needles, which melt at 73°: 

0°5420, on drying at 123°, lost 0°0464 H,O. H,O=8'6. 

C,;H)90.N,C,,H,;0,Br8,3H,O requires H,O =8°8 per cent. 


i i i | 
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The anhydrous salt crystallises readily from a mixture of ethyl 
acetate and alcohol, and forms thin prisms, which melt at 190°: 

0°1401 gave 0°2779 CO, and 0°0794 H,O. C=54'1; H=6°3. 

C,;H,,0,N,C,,H,,;0,BrS requires C=54°0; H=6'1 per cent. 

0°4827, made up to 20 cc. with water, gave a)+2° 17’ in a 
2-dem. tube, whence [a],,+47°3° and M, + 262°9°. 

This result for the molecular rotatory power is rather lower than 
would have been expected for the bromocamphorsulphonate of an 
inactive base. Nevertheless, the base was devoid of optical activity, 
and the discrepancy can only be ascribed to the fact that the 
solutions examined were highly supersaturated. The salt was 
separated by crystallisation into a number of fractions, but all of 
these had the same rotatory power and melting point. 


Tropinone. 


Tropine and y-tropine were each separately oxidised to tropinone, 
according to the method described by Willstatter (Ber., 1896, 29, 
393), and the resulting base purified by means of the picrate. 
Willstatter states that this salt melts at 220°, but the present 
authors find that the temperature of fusion is dependent on the rate 
of heating, and may lie at any point from 210—250°. Each pre- 
paration of the base was converted into the d-camphorsulphonate, 
when the resulting salts were found to be in all respects identical. 

Tropinone d-camphorsulphonate is fairly readily soluble in dry 
ethyl acetate, from which it crystallises in moss-like growths, 
apparently composed of needles; it melts and decomposes at 216°: 

0°1130 gave 0°2421 CO, and 0°0830 H,O. C=58'4; H=8'1. 

C,H,;0N,C,)H,,0,S requires C=58'2; H=7'9 per cent. 

The salt is much less soluble in ethyl acetate which has not been 
specially dried, and crystallises from this solvent in tufts of leaflets, 
which, when rapidly heated, suddenly lose water of crystallisation at 
140°, but without completely melting: 

2°0429, on heating at 123°, lost 0°0939 H,O. H.O=4'6. 

C.sH,3,0N,C,9H,,0,8,H,O requires H,O=4°6 per cent. 

The hydrated salt appears to be dimorphous, since, at low tem- 
peratures, it crystallises from a mixture of ethyl acetate and dilute 
alcohol in long, slender prisms. 

No resolution of tropinone d-camphorsulphonate could be effected 
by fractional crystallisation. 


1974 BARROWCLIFF AND TUTIN: CONFIGURATION OF TROPINE 


The Resolution of Atropine. 


Forty grams of atropine were neutralised with d-camphor- 
sulphonic acid, and the resulting salt was fractionally crystallised 
from ethyl acetate containing some alcohol. The first crop of 
crystals consisted of prismatic needles, and melted at 136—140°. 
This was recrystallised several times until no further change 
occurred ; it then melted at 159°. 

0°5072, made up to 25 c.c. with water, gave a,—0° 19°5/ in a 
2-dem. tube, whence [a],,—8°0° and M, —41°7°. 

Since the molecular rotation of d-camphorsulphonic acid is+51°, 
it is evident that the basic ion of the above salt has M,—92°7°, 
which corresponds with a specific rotatory power of —32°1°. It is 
seen, therefore, that resolution had been effected, and that the salt 
melting at 159° was l-hyoscyamine d-camphorsulphonate : 

0°1302 gave 0°2974 CO, and 0°0902 H,O. C=62°3; H=7°7. 

C,,H.,03N,C,yH,,0,8 requires C=62°4; H=7'5 per cent. 

For the purpose of comparison a quantity of natural /-hyos- 
cyamine was converted into the d-camphorsulphonate. The salt so 
obtained melted at 149—150°, and was somewhat impure; after 
recrystallisation, however, it melted at 159°, and was identical with 
the salt obtained from atropine. /-Hyoscyamine d-camphor- 
sulphonate is extremely readily soluble in water, alcohol, or chloro- 
form, and very sparingly soluble in ethyl acetate, benzene, or 
xylene. The material contained in the mother liquors obtained 
during the separation of the /-hyoscyamine d-camphorsulphonate 
from the original atropine salt, which would contain the salt of 
d-hyoscyamine, was submitted to a very elaborate process of frac- 
tional crystallisation, whereby it was shown conclusively that the 
salts of only two bases were present. The product did not crystal- 
lise readily, and exhibited a considerable tendency to separate as 
an oil. After a large number of crystallisation's, however, the salt 
of the d-base was obtained in a state of purity. 

d-Hyoscyamine d-camphorsulphonate forms small needles, which 
melt at 135°. Its solubilities are similar to, but rather greater 
than, those of the corresponding levo-salt : 

0°1212 gave 0°2793 CO, and 0°0840 H,O. C=62'1; H=7°7. 

C17H2303N,C;,H,,0,;8 requires C=62°4; H=7°5 per cent. 

0°5229, made up to 20 c.c. with water, gave a)+1° 25°5/ in a 
2-dem. tube, whence [a], + 27°25° and M,+143°7°. 

From this result it is calculated that the basic ion has M, + 92°7° 
and [a],,+32°1°, figures which are in exact agreement with the 
corresponding values obtained for the /-base. 
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It would appear, therefore, that the respective bases contained 
in the above-described pure d-camphorsulphonates have a specific 
rotation of [a],+32°1°, a value considerably higher than that 
usually given for hyoscyamine (about —21°0°). It was, however, 
found impossible to obtain directly from either of the camphor- 
sulphonates in question a base of higher specific rotatory power 
than about [a], +20°0°, even when the greatest care was taken to 
avoid racemisation. That this change, nevertheless, had occurred 
to some extent was shown by reconverting a quantity of the base 
having [a], —20°0° into the d-camphorsulphonate, when a somewhat 
impure salt was obtained, from which the derivative of a dextro- 
base was separated. A considerable quantity of the levo-base, 
having [a],—20°2°, was fractionally crystallised from petroleum 
(b. p. 90—120°), when a fraction was eventually obtained which 
melted at 107—108°, and had the following rotatory power: 

0°4331, made up to 20 ec.c. with 50 per cent. alcohol, gave 
a,—1° 7’ in a 2-dem. tube, whence [a],,— 25°8°. 

This is a higher value than has heretofore been observed for 
the rotation of hyoscyamine. 

d-Hyoscyamine, obtained from its d-camphorsulphonate, was in 
all respects analogous to its optical antipode. 

As it appears probable from the above results that optically pure 
hyoscyamines have never been obtained in a free state, several salts 
of these bases were prepared by double decomposition from the 
pure d-camphorsulphonates. Corresponding salts of atropine have 
also been made for the purpose of comparison. 

The Aurichlorides.—l-Hyoscyamine aurichloride has previously 
been described as forming leaflets, melting at 162° (Will, Ber., 
1888, 21, 1717). The pure salt forms golden-yellow, hexagonal 
plates, which melt at 165°, and are anhydrous: 

0°1244 gave 0°0391 Au. Au=31°35. 

C,,H,s0,N,HAuCl, requires Au=31°35 per cent. 
l-Hyoscyamine aurichloride is much more soluble in alcohol than 
in water, but can readily be crystallised from the former solvent. 

Somewhat impure d-hyoscyamine aurichloride was prepared by 
Amenomiya (loc. cit.). The pure salt crystallises similarly to its 
optical antipode, melts at 165°, and is anhydrous: 

0°1198 gave 0°0374 Au. Au=31°22. 

C,,H,,0,N,HAuCl, requires Au=31'35 per cent. 

Atropine aurichloride showed some tendency to separate as an 
oil, but crystallised fairly readily. It formed tufts of very small, 
anhydrous leaflets, which melted at 134—139°: 

0°0926 gave 0°0292 Au. Au=31'5. 

C,,H.,0,N,HAuCl, requires Au= 31°35 per cent. 
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The Auribromides.—l-Hyoscyamine auribromide was first pre- 
pared by Jowett (Trans., 1897, 71, 679), who stated that it melts 
at 115—120°, and regarded it as being anhydrous. The present 
authors find that the pure salt separates from water with one 
molecule of water of crystallisation, and, when dried in the air, 
melts at about 123—130°. The anhydrous salt, on heating, sinters 
slightly at 155°, after which it fuses sharply at 160°, without 
decomposition. The salt is even more sparingly soluble in water 
than the corresponding aurichloride, and crystallises in very long, 
highly lustrous, flattened needles, possessing a deep red colour. It 
dissolves much more readily in absolute alcohol than in water, and 
crystallises from the former solvent with one molecule of alcohol: 

2°0350, crystallised from water, on heating at 110°, lost 0°0418 

H,0. H,O=2'1. 
0°3029, crystallised from alcohol, on heating at 110°, lost 0°0158 
EtOH. EtOH=5:2. 
0°1210 of anhydrous salt gave 0°0294 Au. Au=24'3. 
C,,H.,0,N,HAuBr,,H,O requires H,O=2°2 per cent. 
C,,H,,0,N,HAuBr,EtOH ,, EtOH=5-4 " 
C,,H,30,N,HAuBr, ” Au=24°3 * 
d-Hyoscyamine auribromide has not previously been obtained. 
It agrees in all respects with the description of the corresponding 
levo-salt given above: 
0°2197 of hydrated salt, on heating at 110°, lost 0°0044 H,O. 
H,0 = 2°0. 
0°0966 of anhydrous salt gave 0°0235 Au. Au=24°3. 
C,,H230,;N,HAuBr,,H,O requires H,O=2°2 per cent. 
C,,H.s0;,N, HAuBr, - Au= 243 és 

Atropine auribromide was described by Jowett (loc. cit.), who 
considered it to be anhydrous, and stated that it crystallised in 
chocolate-coloured prisms melting at 120°. The salt, as prepared 
by the present authors, does not crystallise nearly so readily as 
the corresponding derivatives of the hyoscyamines. It forms very 
small tufts of dark red needles, which contain one molecule of 
water of crystallisation, and, when air dried, forms a crystalline 
powder, melting at 110°. The anhydrous salt fuses at 120°: 

0°1225, on heating at 100°, lost 0°0027 H,O. H,O=2°2. 

0°1082 of anhydrous salt gave 0°0263 Au. Au=24°3. 

C,,H,,0,N,HAuBr,,H,O requires H,O=2°2 per cent. 
C,,H,;0,N,HAuBr, ” Au= 243 - 

The Picrates—The picrates of /-hyoscyamine and atropine are 
mentioned in the literature, but their melting points have not been 
recorded. d-Hyoscyamine picrate has not previously been prepared. 
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Both d- and J-hyoscyamine picrates crystallise fairly readily, 
forming needles, which melt at 163°, without decomposition. 
Atropine picrate crystallises much more readily than the correspond- 
ing salts of either of the active bases, and forms rectangular plates, 
which melt at 173—174°. 


Tue WELLCOME CukMICAL RESEARCH LABORATORIES, 
Lonpon, E.C. 


CCXVII.—Synthesis of Cotarme Acid. 


By WILLIAM HENRY PERKIN, jun., Ropert Rosinson, and FREDERICK 
THOMAS. 


During the course of an investigation on narcotin and its degradation 
products, on which we have been engaged for a considerable time, we 
have carried out a series of experiments which have resulted in a 
synthesis of cotarnic acid, and have thus definitely established the 
constitution of this important acid. 

Wohler (Annalen, 1844, 50,19) first obtained cotarnine, C,,H,,0,N, 
from narcotin, C,.H,,0,N, by oxidation with manganese dioxide and 
dilute sulphuric acid, and the careful investigation of this important 
substance has shown that it is probably an aldehyde of the 
constitution : 

CH,-0,:C,H(OMe)(CHO)-CH,°CH,-NHMe. 

Furthermore, the experiments of Freund and Becker (Ber., 1903, 
36, 1521) have made it probable that the methoxy-group in cotarnine 
is adjacent to the aldehyde group, and the above formula may there- 
fore be expanded to (A): 

By 


OMe 


0’ \cHO 0 co, H 
a OH, -CH,-NHMe CH,<o| 00, H 
wr WH 


(A) (B) 

When cotarnine is oxidised with permanganate, it yields cotarnic 
acid, C,,H,O,, and if the constitution for cotarnine just given is 
accepted as correct, the constitution of cotarnic acid will be 
represented by the formula (B), and this acid is therefore methoxy- 
hydrastic acid. 

The highly ingenious method which Freund and Becker have 
employed to show that cotarnine is a derivative both of piperonal and 
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of salicylaldehyde methyl ether, as indicated in the formula just 
mentioned, does not appear to us to be quite conclusive, and we have 
therefore confirmed this formula by synthesising cotarnic acid by a 
method which leaves no room for doubt as to its constitution. 

The synthesis proved to be a difficult one, but after many un- 
successful attempts in other directions, we ultimately succeeded in 
solving the problem by a process which is briefly as follows : 

The starting point was 5 : 6-methylenedioxy-1-hydrindone, which 
we prepared in quantity from 3: 4-methylenedioxyphenylpropionic 
acid by the action of phosphoric oxide : 


MN es 
CH,<O | ‘ : -—> CH,< | | - >CH, 
an 4s, CH,°CO,H . 


(compare Perkin and Robinson, Trans., 1907, 91, 1084). 

When this substance is treated with concentrated nitric acid, it 
is readily converted into 7-nitro-5 : 6-methylenedioxy-1-hydrindone 
(m. p. 164—165°), 

NO, 


/\oo- 
CHO Jon? OB» 


and this is reduced by tin and hydrochloric acid with formation of 
the corresponding amino-derivative, m. p. 175° (I). The next step 
was to convert the amino-derivative into 7-hydroxy-5 : 6-methylenedioxy- 
1-hydrindone (II) by diazotisation, and although, owing to the forma- 
tion of brown by-products, the yield of the hydroxy-derivative was 
very small, we succeeded in obtaining sufficient for our purpose. 

This hydroxy-derivative yields an intense violet coloration on the 
addition of ferric chloride to the alcoholic solution, and the hydroxy- 
group is therefore most probably adjacent to the carbonyl group. It 
was for this reason that we assign the position 7 to the nitro-group 
in 7-nitro-5 : 6-methylenedioxy-1-hydrindone. 

By treatment in alkaline solution with methyl sulphate, the 
hydroxy-derivative was next converted into the corresponding 
methoxy-derivative (111), and this, when condensed with piperonal 
and dilute aqueous potassium hydroxide, yielded 7 - methoxy- 
5 : 6-methylenedioxy-2-piperonylidene-l-hydrindone (m. p. 225—230°, 
IV). 

This piperonylidene derivative was oxidised by permanganate, and 
the acid produced was recognised as cotarnic acid (V) by conversion 
into the characteristic methylimide, which melted at 205°, and had the 
same properties as a specimen of the methylimide of cotarnic acid 
which we prepared from cotarnic acid obtained by the oxidation of 
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cotarnine. The steps in this synthesis of cotarnic acid are therefore 
the following : 


- 
SN 
CHS Jap CH.<O @: “>cH, 


(I.) (II.) 
OMe Pr 


-. 
CHO )on,P Os 


_0-CH, 


e 
The yield of cotarnic acid obtained in this way is, unfortunately, 
very small, and we are engaged in an attempt to discover a more 
satisfactory method of synthesis. 


Nitration of the Methylene Ether of Catechol. 


The methylene ether of catechol has been prepared by Moureu 
(Bull. Soc. chim., 1896, [iii], 15, 654) by the action of methylene 
iodide on the sodium derivative of catechol. Since we wished to 
investigate the constitution of its mononitro-derivative, we have 
endeavoured to use the cheaper methylene chloride in its preparation, 
and we find that the methylene ether can be so produced, but the yield 
is very unsatisfactory. Catechol (66 grams) was dissolved in absolute 
alcohol and mixed with a solution of sodium (27°6 grams) in alcohol 
and methylene chloride (50 grams). After boiling for sixteen hours in 
a reflux apparatus, the bulk of the alcohol was distilled off, water was 
then added, the oil extracted with ether, and the ethereal solution 
dried and evaporated. The residue consisted almost entirely of an oil 
which distilled at 170—175° under the ordinary pressure, whereas the 
boiling point of the methylene ether of catechol is stated by Moureu 
(loc. cit.) to be 172—173°. A small quantity of this substance 
was dissolved in glacial acetic acid and treated with a little nitric acid, 
when the nitro-derivative separated and, after crystallisation from 
alcohol, had the correct melting point, 147°. Its constitution was 
proved as follows: The nitro-compound was readily reduced by tin 
and hydrochloric acid, and the resulting base was obtained by rendering 
the solution alkaline with potassium hydroxide and extracting with 
ether. The base was converted, by warming with acetic anhydride, 
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into the acetylamino-compound, which crystallised from water in 
colourless needles and melted at 135°. 

Since the melting point was unaltered by admixture with the acetyl- 
amino-derivative of the methylene ether of catechol, which is obtained 
by the successive action of potassium hypobromite and acetic anhydride 
on the amide of piperonylic acid, it is clear that the nitro-compound 
produced by the nitration of the methylene ether of catechol is 
4-nitio-1 : 2-methylenedioxybenzene, 
no, 


4 
Y 


Salway (this vol., 1155) has already shown that one of the products of 
the nitration of piperonal has the same constitution. 


ai 
CH< 


NO, 
7-Nitro-5 : 6-dimethoxy-1-hydrindone, MeO” \00- 
Ww 

In order to prepare this substance, 5 : 6-dimethoxyhydrindone 
(Perkin and Robinson, Trans., 1907, 92, 1092, 2 grams) was stirred 
vigorously with nitric acid (D 1°42, 10 e.c.), when the whole dissolved, 
and, if the hydrindone was quite pure, no oxidation occurred. 

After adding water, the sticky mass which separated gradually 
became hard, and was collected and washed with water. 

This nitro-compound crystallises from a mixture of ethyl acetate 
and light petroleum in pale yellow prisms, or from methyi alcohol, 
in which it is very sparingly soluble in the cold, in almost colourless, 
prismatic needles. If the hot saturated solution in methyl alcohol is 
rapidly cooled, needles separate, and after some time these change into 
prisms : 

0:1681 gave 84 c.c. N, at 15° and 771 mm. N=6°0, 

C,,H,,0,N requires N = 5-9 per cént. 

7-Nitro-5 : 6-dimethoxy-l-hydrindone melts at 149—150°, and, as the 
following experiments show, exhibits the characteristic properties of a 
derivative of hydrindone. (I) The solution in hot methyl alcohol was 
treated with piperonal and a little potassium hydroxide, when a yellow 
colour was immediately produced and a canary-yellow, crystalline 
precipitate of the piperonylidene derivative quickly separated. This 
substance may be recrystallised by adding methyl alcohol to its 
solution in hot pyridine, and the pale yellow prisms thus obtained melt 
at 260° with slight previous darkening. The colour of its solution in 
concentrated sulphuric acid is intense reddish-purple, and becomes 
yellow on dilution with water. 
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(II) Approximately equal weights of the nitro-hydrindone and of 
salicylaldehyde were dissolved in methyl alcohol, anda rapid stream of 
hydrogen chloride passed through the solution for a minute, 

On cooling, brick-red crystals of the oxonium anhydro-hydrochloride 
separated from the solution. This salt dissolves in water or con- 
centrated sulphuric acid to yellow solutions which do not fluoresce. 

‘The double salt with platinic chloride crystallises in orange, 
microscopic needles. The anhydro-ferrichloride melts at 188°, and is a 
brick-red precipitate, which crystallises from glacial acetic acid in 
orange-brown needles with characteristic prismatic edges. 

This ferrichloride has analogous properties to the similarly con- 
stituted substances already described by Perkin, Robinson and Turner 
(Trans., 1908, 93, 1085), and there can be little doubt that it has the 
constitution 


FeCl, 
NO, O 
ren ee 
MeO a) } 
i yl Si 
CH, CH 


7-Nitro-5 : 6-methylenedioxy-1-hydrindone, 


This substance may be prepared by adding nitric acid (D 1°42, 15c.c.), 
previously boiled to remove nitrous acid, to 5: 6-methylenedioxy-1- 
hydrindone (Trans., 1907, 91, 1084). The hydrindone dissolves and, 
after two minutes, water is added, and the precipitated nitro-compound, 
which rapidly hardens, is collected, washed, dried, and then purified by 
repeated extraction with boiling light petroleum (b. p. 60—70°) : 

0°1507 gave 8:5 c.c. N, at 10° and 749 mm. N=6°6. 

C,,H,0,N requires N = 63 per cent. 

7-Nitro-5 : 6-methylenedioxy-1-hydrindone melts at 164—165°, and, 
if pure hydrindone was employed in its preparation, it may be readily 
crystallised from methyl alcohol, from which it separates in very pale 
elongated prisms. The colour of the solution in sulphuric acid is only 
pale yellow, which is rather remarkable in view of the fact that 5: 6- 
methylenedioxyhydrindone itself dissolves in sulphuric acid with an 
intense red coloration. 

The piperonylidene derivative, prepared in the usual way, separates 
in lemon-yellow, microscopic needles, which are very sparingly soluble 
in alcohol and melt at 290° with decomposition. It is soluble in boil- 
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ing glacial acetic acid, and, on the addition of hydrochloric acid, a red 
colour is produced, which disappears as the substance crystallises from 
the solution. The colour of the solution of the piperonylidene 
derivative in sulphuric acid is purple. 


7-Amino-5 : 6-methylenedioxy-1-hylrindone, 
NH, 


A\co- 
on,<Of CO 08, 
o\ cu, 


The reduction of 7-nitro-5 : 6-methylenedioxy-l-hydrindone to the 
corresponding amino-derivative may be carried out by gently boiling 
its alcoholic solution for two hours with alcohol (200 c.c.) and hydro- 
chloric acid (22°5 c.c.) with excess of tin. The product is then poured 
into dilute hydrochloric acid, filtered hot from insoluble matter, and 
the tin eliminated by treatment with hydrogen sulphide. As soon as 
the liquid smells strongly, it is filtered, and the clear solution rendered 
alkaline with sodium hydroxide, when a finely divided precipitate 
separates, which is collected, dried on porous porcelain, and crystal- 
lised from methyl alcohol. Owing to the various by-products, the 
yield was, unfortunately, only about 10 per cent. of that theoretically 
possible : 

0°1612 gave 10°4 c.c. N, at 13° and 746 mm. N=7'5. 

C,,H,O,N requires N =7°3 per cent. 

7-Amino-5 : 6-methylenedioxy-1-hydrindone separates from methyl 
alcohol in colourless needles, and melts at 175°. It yields, with 
piperonal and alcoholic potassium hydroxide, a bright yellow, crystal- 
line piperonylidene derivative, which doubtless has the constitution 


| ~ 0-CH, 
cHE<O lon, > C:CHC »o 
ee oil 
since, on treatment with sodium nitrite and hydrochloric acid in 
excess of alcohol, a solution is obtained which gives a red colora- 
tion with alkaline f-naphthol. Aminomethylenedioxyhydrindone 
dissolves slowly in dilute hydrochloric acid, and the colourless 
solution becomes yellow on the addition of sodium nitrite. 
On adding this to an alkaline solution of B-naphthol, a crimson 
solution is obtained, from which a scarlet azo-compound separates. 
This azo-compound dissolves in concentrated sulphuric acid with an 
intense indigo-blue colour. 
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The conversion of 7-amino-5 : 6-methylenedioxy-1-hydrindone into 
cotarnic acid proved to be a much more difficult operation than was 
expected, owing principally to the formation, even under the best 
conditions, of large quantities of other substances and consequent 
small yield of the acid. After several comparative experiments, the 
synthesis was ultimately accomplished in the following way. 

Aminomethylenedioxyhydrindone (10 grams) was dissolved in the 
least possible quantity of warm dilute hydrochloric acid and cooled 
with ice, when some of the hydrochloride of the base separated. 

Sodium nitrite (3°5 grams), dissolved in a little water, was then 
added, the solution vigorously boiled for ten minutes, filtered, 
saturated with ammonium sulphate, and repeatedly extracted with 
ether. 

The solution, mixed with alcohol, gave an intense violet coloration * 
on the addition of ferric chloride, indicating that the hydroxy- 
methylenedioxyhydrindone produced probably contains a hydroxy- 
group in the ortho-position with respect to the carbonyl group (com- 
pare p. 1978). Unfortunately, the conversion of the amino- into the 
hydroxy-group is always accompanied by the formation of an in- 
soluble, brown substance, which could not be crystallised, and greatly 
affects the yield of the hydroxy-derivative. The ethereal solution 
of the hydroxy-derivative was extracted with small quantities of dilute 
potassium hydroxide, and the alkaline solutions agitated in the cold 
with methyl sulphate in excess. When all the methyl sulphate had 
been decomposed, the solution was extracted with ether and the 
ethereal solution evaporated. The residue showed a tendency to 
crystallise, but, as the whole of the material was required for the 
synthesis, the product was not directly investigated, but, at once, 
dissolved in alcohol and treated with piperonal and some dilute 
potassium hydroxide. The yellow precipitate so obtained undoubtedly 
consists of 7-methoxy-5 : 6-methylenedioxy-2-piperonylidene-|-hydrindone 
(IV, p. 1979). 

It may be crystallised from a mixture of pyridine and alcohol, melts 
at 225—230°, and dissolves in sulphuric acid, yielding an intense 
carmine solution. The substance obtained from five of the above 
operations was oxidised, at as low a temperature as possible, with 


* On one occasion, the reaction, for some unknown reason, proceeded in another 
direction, and the ether extract contained a substance which yielded a green colora- 
tion with ferric chloride. 
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potassium permanganate containing a small quantity of potassium 
carbonate, but oxidation proceeded, especially at first, with difficulty, 
owing largely to the insolubility of the substance. After a considerable 
amount of permanganate had been reduced, the solution was boiled, 
filtered, the manganese precipitate treated with hot water and sulphur 
dioxide, and the unchanged piperonylidene derivative collected and 
again oxidised with permanganate, the operation being repeated until 
only a negligible amount remained unoxidised. 

The alkaline filtrates from the manganese precipitates were combined, 
evaporated to a small bulk, the solution was then rendered acid to 
Congo-paper, and the small quantity of piperonylic acid which 
separated removed by filtration. The filtrate was evaporated to 
dryness, extracted with pure dry ether in a Soxhlet apparatus, and, 
after distilling off the ether, a small quantity of a syrupy acid 
remained, which quickly crystallised, apparently in plates. The 
quantity was so small that an analysis was not attempted, and as 
the melting point of cotarnic acid is not sufficiently decisive, the whole 
was converted into the methylimide which we had previously prepared 
from a specimen of cotarnic acid from cotarnine and found to be highly 
characteristic. In this experiment, the crude acid was dissolved in a 
little hot water, when it was noticed that the solution, on cooling, 
deposited crystals exactly resembling those of cotarnic acid. Excess 
of methylamine was now added, the solution evaporated to dryness on 
the water-bath, and the methylamine salt heated in a test-tube, when 
a sublimate of needles was obtained and an oii distilled which soon 
solidified. The distillate and sublimate were dissolved in a little 
boiling methyl alcohol, when the filtered solution deposited a crop 
of almost colourless needles, which melted at 205°, and had all the 
properties of the methylimide of cotarnic acid, the identity with which 
was further confirmed by the fact that an intimate mixture of the 
two preparations melted sharply at 205°. There can thus be no doubt 
that the substance synthesised in the experiments described above was 
cotarnic acid. 
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CCXVIII.—The Constituents of the Fruit of Ecballium 
Elatervwm. 


By Frepertck Betpine Power and CHarLes WATSON Moore. 


In a recent communication by the authors, entitled ‘Chemical 
Examination of Elaterium and the Characters of Elaterin” (Pharm. 
J., 1909, [iv], 29, 501), it was shown that the product known and 
officially recognised as “ elaterin”’ is not homogeneous, but that it con- 
sists, to the extent of 60—80 per cent., of a crystalline substance which 
is completely devoid of the specific physiological action attributed 
to elaterin, and may be separated by a process of fractional 
crystallisation. This crystalline substance, which is much more 
highly levorotatory and has a higher melting point than the crude 
elaterin, is accompanied in the latter by a compound of apparently 
the same percentage composition, but which possesses a very high 
degree of physiological activity and is dextrorotatory. 

In view of the fact that the elaterium from which the above- 
mentioned “ elaterin ” is obtained represents only the material which 
is deposited from the juice of the fruit of Hceballium LElaterium, it 
appeared desirable that the entire fresh fruit should be subjected to 
a chemical examination in order to ascertain the nature of all its 
constituents. In conducting this investigation, special consideration 
has been given to the statement of Berg (Bull. Soc. chim., 1897, [iii], 
17, 85) that elaterin does not pre-exist in the fruits of Zcballium, but 
that it is formed, after the expression of the juice, by the action of a 
ferment on an amorphous glucoside. The results which have now 
been obtained, with the deductions from them, are summarised at the 
end of this paper. 


EXPERIMENTAL. 


The material employed in this investigation consisted of the fresh, 
nearly ripe fruits of Heballium Elaterium, A. Richard, which were very 
kindly supplied to us by Messrs. W. Ransom & Son, of Hitchin. 
They were collected during the latter part of August. 


Separation of an Enzyme. 


It has been indicated by Berg ((oc. cit.) that the juice of the fruit of 
Ecballium contains an enzyme, or possibly a mixture of enzymes, 
which is capable of hydrolysing amygdalin, saccharose, and starch, 
and was designated by him as elaterase. In order to obtain this 
substance, the expressed juice from 3 kilograms of the fruit, amount- 
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ing to about 900 c.c., was filtered, and mixed with 1500 c.c. of strong 
alcohol. A voluminous, light-coloured, amorphous precipitate was 
thus produced, which was collected, washed with a little alcohol, and 
dried, when it amounted to 15 grams. The product was readily 
soluble in cold water, and, although containing a large proportion of 
inorganic material, rapidly hydrolysed B-glucosides. 


Extraction of the Fruit with Alcohol. 


For the purpose of a complete examination, 27 kilograms of the 
fruit were employed. 

With consideration of the statement by Berg (loc. cit.) that the 
elaterin contained in the fruit of Zcballium exists in the form of a 
glucoside which is readily hydrolysed by the enzyme present, the 
material was treated in such a manner at to preclude the possibility of 
any hydrolysis of its constituents taking place. Each fruit, therefore, 
was separately cut into several pieces, which were allowed to fall 
directly into strong alcohol, the total volume of the latter having 
been about 80 litres. After ashort time, the mixture was heated to 
the boiling point, and kept at this temperature for about fifteen minutes. 
The whole was subsequently kept overnight, after which the marc was 
removed by filtration, the liquid thus obtained being then found to 
contain slightly over 75 per cent. by volume of alcohol. 

The marc, separated by filtration as above described, was pressed, 
and the liquid thus obtained was added to the main portion of alcoholic 
extract. The seeds were then separated so far as possible from the 
pressed marc, and the latter completely extracted in a Soxhlet apparatus 
with hot alcohol, this extract being likewise added to that first 
obtained. The united liquids were then concentrated by distillation 
from a water-bath until alcohol ceased to pass over. 

During the concentration of the alcoholic extract, as above described, 
there separated a quantity of green resin (A), which was collected on 
a filter and repeatedly treated with water until nothing further was 
removed. The filtrate and washings from this resin were united, and 
concentrated under diminished pressure to a volume of about 3 litres. 
During this operation a quantity of light brown, resinous material (B) 
separated, which was collected and thoroughly washed with cold water 
the washings being added to the aqueous liquid (C). 


Examination of the Green Resin (A). 


This product was a dark green, soft mass, and amounted to 45°5 
grams. It was dissolved in alcohol, and mixed with purified sawdust, 
the thoroughly-dried mixture being then successively extracted in a 
Soxhlet apparatus with light petroleum (b. p. 35—50°), ether, 
chloroform, and alcohol. 
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Petroleum Extract of the Green Resin. 


This extract was a dark green, viscid liquid, and amounted to 38 
grams. It was dissolved in ether, the ethereal liquid being shaken 
successively with solutions of sodium carbonate and sodium hydroxide, 
but nothing was thus removed. The ether was then evaporated, and 
the residue hydrolysed by heating with an alcoholic solution of 
potassium hydroxide, after which the alcohol was removed, water 
added, and the alkaline solution of potassium salts extracted with 
ether. The ethereal liquid was washed, dried, and the solvent removed, 
when a small quantity of a light brown, crystalline product was 
obtained. This was dissolved in about 150 c.c. of hot absolute alcohol, 
and the solution kept for some time, when a nearly colourless sub- 
stance separated. The latter was collected, washed with cold alcohol, 
and then distilled under 15 mm. pressure. The distillate, which rapidly 
solidified, was crystallised from ethyl acetate, when small, colourless, 
glistening leaflets, melting at 68°, were obtained. This substance was 
a hydrocarbon, and appeared to be hentriacontane, C,,H,,, but the 
amount was too small for analysis. 


Isolation of a Phytosterol, C.,H,,0. 


The alcoholic solution from which the hydrocarbon had been 
removed by filtration, as above described, was concentrated to a small 
volume and diluted with water, when a quantity of crystalline sub- 
stance separated. This was collected on a filter, and washed with a 
little ethyl acetate, after which it was distilled under diminished 
pressure. The distillate, which solidified on cooling, was crystallised 
from a mixture of ethyl acetate and dilute alcohol, when it formed 
colourless, glistening leaflets melting at 148°. The amount of substance 
so obtained was 0°7 gram: 


0:2806, heated at 115°, lost 0°0134 H,O. H,O=4'8. 
01342 of anhydrous substance gave 0°4125 CO, and 0:1430 H,0. 
C=83'8; H=11'8. 
C,,H,,0,H,0 requires H,O = 4'5 per cent. 
C,,H,,0 requires C=83°9; H=11-9 per cent. 

The substance thus agrees in composition with a phytosterol, and it 
yielded the colour reactions of this class of compounds. A determina- 
tion of its specific rotatory power gave the following result: 

02055, made up to 20 c.c. with chloroform, gave ap + 0°4’ in a 2-dem. 
tube, whence [a], + 3°2°. 

The acetyl derivative, when crystallised from acetic anhydride, 
separated in flat, glistening needles, melting at 155—157°, 
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The above-described phytosterol differs appreciably in some of its 
characters from the commonly-occurring substances of this class, as 
indicated, for example, by its higher melting point, its dextrorotation, 
and the fact that the acetyl derivative melts higher than the substance 
from which it was prepared. 


The aqueous alkaline solution of potassium salts from which the 
hydrocarbon and phytosterol had been removed by extraction with 
ether, as above described, was acidified, and again extracted with ether. 
The ethereal liquid obtained in this way contained a small amount of 
a nearly colourless, very sparingly soluble substance in suspension, 
This was collected on a filter, washed with ether, and crystallised from 
pyridine, when it formed small, glistening plates, melting at 
258—260°. It appears to be related to ipuranol, C,,H,,0,(OH),, as 
it gives the characteristic colour reactions of this substance, but the 
amount obtained was insufficient for analysis (compare Amer. J. 
Pharm., 1908, 80, 264, 576 ; Trans., 1908, 93, 907 ; this vol., p. 249). 


Examination of the Fatty Acids. 


The ethereal liquid, from which the above-described substance had 
been separated, was washed, dried, and the solvent removed. A 
quantity (12 grams) of fatty acids was thus obtained, which, when 
distilled under diminished pressure, passed over between 230—235°/ 
10mm. Eight grams of the mixed acids were converted into their lead 
salts, and the latter digested with ether, when the larger portion was 
dissolved. Both the soluble and insoluble portions were decomposed 
by hydrochloric acid, and the regenerated fatty acids purified by 
distillation under diminished pressure. The soluble portion of the 
lead salts yielded 6 grams of liquid acids, whilst the insoluble portion 
gave 1-5 grams of solid acids. 

The Iiquid Acids.—These acids when distilled under diminished 
pressure passed over between 232° and 235°/15 mm. 

An analysis and a determination of the iodine and neutralisation 
values gave the following results : 

01366 gave 0°3860 CO, and 0:1370 H,O. C=77:1; H=11°1. 

0°4095 absorbed 0°8473 iodine. Iodine value= 206°9. 

1°1120 neutralised 0°2211 KOH. Neutralisation value = 197°4. 
C,,H,,0, requires C=77°1; H=11°4 per cent. Iodine value=181°4; 

Neutralisation value = 200°4. 
C,,H,,0, requires C=77:7; H=10°8 per cent. Iodine value = 274°1 ; 
Neutralisation value = 201°4. 

These results indicated that the liquid acids consisted chiefly of a 

mixture of linolic and linolenic acids, the former predominating. 
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The Solid Acids.—These acids were crystallised from glacial acetic 
acid, but no pure substance could be isolated by this means, the 
product melting indefinitely between 54° and 58°. 

An analysis and a determination of the neutralisation value gave 
the following results : 

0°1432 gave 0:3940 CO, and 01631 H,O. C=75:1; H=12°6. 

0°7500 neutralised 0°1559 KOH. Neutralisation value = 207°9, 
C,,H,,0, requires C=75:0; H=12°5 per cent. Neutralisation 

value = 2191. 

C,,H,,0, requires C=76:1; H=12°7 per cent. Neutralisation 
value = 197°7. 


The above results indicated that the solid acids consisted of a 
mixture of palmitic and stearic acids in about equal proportions. 


Ethereal Extract of the Green Resin. Isolation of “* Elaterin.” 


This extract amounted to about 6 grams. A portion of it (about 
2 grams) was readily soluble in ether, and consisted of a dark-coloured 
resin, whilst the remainder (4 grams) was a sparingly soluble, 
crystalline powder. From the resinous product nothing definite 
could be isolated, and as it yielded no sugar on boiling with a dilute 
solution of sulphuric acid in aqueous alcohol, it was not glucosidic. 

The above-mentioned, crystalline powder was collected on a filter, 
washed with ether, and recrystallised from a small volume of absolute 
alcohol, when it was obtained in small, colourless, hexagonal prisms, 
melting and decomposing at 210—215°. On subjecting this product 
to fractional crystallisation from absolute alcohol, three principal 
fractions were obtained. Although a complete separation could not 
be effected by this means, owing to the limited quantity of material 
at disposal, the three fractions, nevertheless, exhibited very marked 
differences, as indicated especially by their solubilities, melting points, 
and optical rotatory power. 

Fraction I.—This fraction formed small, colourless, hexagonal 
prisms, melting and decomposing at 230°. It was very sparingly 
soluble in alcohol, and amounted to 0°7 gram: 

0°2554, made up to 20 c.c. with chloroform, gave ap — 1°21’ in a 
2-dem. tube, whence [a], - 52°4°. 

Fraction II,—This fraction closely resembled fraction I in appear- 
ance. It was, however, more soluble in alcohol, and melted, with 
decomposition, at about 210°. It amounted to 1‘5 grams. 

0:2245, made up to 20 cc. with chloroform, gave ay — 0°48’ in a 
2-dem. tube, whence [a]p — 35°6°. 

Fraction IIT.—This fraction crystallised in small, colourless plates, 
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melting and decomposing at 189—190°. It was very soluble in alcohol, 
and amounted to only 0°25 gram: 

0°2346, made up to 20 c.c. with chloroform, gave ap +0°24’ in a 
2-dem. tube, whence [a], + 17-0°. 

The three fractions gave on analysis the following results : 


I. 01607 gave 0°4056 CO, and 0:1180 H,O. C=68:9; H=81. 

II. 071468 ,, 03710 CO, ,, 01114 H,O. C=68:9; H=8r4. 

III. 01355 ,, 0:3406 CO, ,, 0:1005H,O. C=686; H=8-2. 

C,)H..0,; requires C=68°9 ; H =8-0 per cent. 
C,,H,0, ,  C=689; H=80 . 
C,,H,0, » C=69:1; H=7°8 - 

From these results it is evident that the above-described, sparingly 
soluble, crystalline powder corresponds to the product known as 
“ elaterin,’’ and which is recognised under this title by the British and 
United States Pharmacopeias. The formule which have been 
assigned to elaterin by various investigators are as follows: C,)H,,0,, 
Zwenger (Annalen, 1842, 43, 460); C,,H,,0,, Hemmelmayr (Ber., 
1906, 39, 3380); C,,H,.0,, Berg (Bull. Soc. chim., 1897, [iii], 17, 85 ; 
1906, [iii], 35, 435). It has, however, quite recently been shown by 
the present authors (Pharm. J., 1909, [iv], 29, 501) that the product 
known as elaterin is not homogeneous, as has hitherto been assumed, 
but that it consists of a mixture of substances which, although 
possessing apparently the same percentage composition, differ 
essentially in their physical properties, especially in their optical 
rotatory power, as also in their physiological action. ‘The above-noted 
results of the present investigation therefore afford further confirmation 
of the previous conclusions. 

The final alcoholic mother liquors obtained during the separation 
of the above-described elaterin fractions yielded, on dilution with 
water, a small amount of a colourless substance, which crystallised in 
small needles and melted and decomposed at 168—170°: 


0:2098, heated at 115°, lost 0°0070 H,O. H,O=3°3. 

0°1318 of anhydrous substance gave 0°3264 CO, and 0:0980 H,0. 
C=675 ; H=8'2. 

A determination of its specific rotatory power gave the following 
result : 


0°2942 of anhydrous substance, made up to 20 cc. with chloroform, 
gave ay + 0°38’ in a 2-dem. tube, whence [a], +21°5°. 

These results would indicate that the above-described substance 
consisted to a considerable extent of the dextrorotatory constituent 
of elaterin, but the amount of material available was so small that it 
was impossible to obtain any evidence of its purity. 
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Inasmuch as we have shown that the product known as elaterin 
consists of two substances of apparently the same percentage com- 
position, one of which is levorotatory and devoid of physiological 
activity, whilst the other is dextrorotatory and possesses an intensely 
purgative action, it seems desirable that the respective substances 
should be designated by distinctive names. It 1s therefore proposed 
to designate the chief constituent of crude elaterin, which is levo- 
rotatory, as a-elaterin, and the dextrorotatory, physiologically active 
constituent, as B-elaterin. 


Chloroform and Alcohol Extracts of the Green Resin. 


Both of these extracts consisted of brown, resinous material, and 
they amounted to0°3 and 0°5 gram respectively. As nothing definite 
could be isolated from them, they were united, and boiled for some 
hours with a dilute solution of sulphuric acid in aqueous alcohol. No 
sugar was formed by this treatment, and the extracts, therefore, were 
evidently not glucosidic. 


Examination of the Brown Resin (B). 


This was a light brown powder, and amounted to 6°5 grams. It was 
dissolved in alcohol, and mixed with purified sawdust, the thoroughly 
dried mixture being then successively extracted ina Soxhlet apparatus 
with ether, chloroform, and alcohol. The ether removed about 5°5 
grams of material, from which, with the exception of small amounts of 
elaterin, nothing definite could be isolated. The chloroform and alcohol 
extracts amounted to only 0°2 and 0°5 gram respectively, and consisted 
of brown resins. Nothing of a glucosidic nature was contained in any 
of these extracts. 


Examination of the Aqueous Liquid (C). 


This liquid, as already indicated, represented that portion of the 
original alcoholic extract of the Hcballiwm fruits which was soluble in 
cold water, and from which the previously-described resins (A) and 
(B) had been separated. It was extracted many times with ether, the 
combined ethereal liquids being washed, dried, and the solvent 
removed, but only asmall amount of an indefinite, amorphous product 
was thus obtained. 

The aqueous liquid, after extraction with ether, was shaken with 
successive portions of amyl alcohol, the combined extracts being 
washed, and tke solvent removed by distillation under diminished 
pressure. A quantity (about 15 grams) of resinous material was thus 
obtained, which was only sparingly soluble in water. As nothing 


1992 CONSTITUENTS OF THE FRUIT OF ECBALLIUM ELATERIUM. 


definite could be isolated from it, it was boiled for some hours with 
dilute alcohol containing 3 per cent. of its weight of sulphuric acid. 
The chief product of this operation was, however, entirely resinous, 
and, as no sugar was formed, it was evident that the material contained 
nothing glucosidic. 

After extraction with amy] alcohol, as above described, the aqueous 
liquid was concentrated, and treated with a large volume of strong 
alcohol. This precipitated a quantity of inorganic material, consisting 
chiefly of potassium chloride and sulphate, together with a sugar 
which yielded d-phenylglucosazone, melting at 216°. The clear liquid 
was then decanted and the alcohol removed, when a small quantity of 
a@ syrup was obtained. This was dissolved in a small quantity of 
water and kept for several days, but nothing separated. The solution 
was then diluted with water, and, after adding 5 per cent. of its 
weight of sulphuric acid, the whole was boiled for several hours. The 
only products resulting from this treatment that could be identified 
were a little formic acid and furfuraldehyde, 


Summary. 


The results of the present investigation of the fruit of Zcballiwm 
Elaterium may be summarised as follows : 

In accordance with the previous observation of Berg (Bull. Soc. 
chim., 1897, [iii], 17, 85), the fruit was found to contain a small 
amount of an enzyme which is capable of hydrolysing B-glucosides. 

The liquid obtained by the extraction of 27 kilograms of the fresh 
fruit with alcohol yielded, on concentration, a quantity (45°5 grams) of 
a green resin, and, by the further evaporation of the liquid, 6°5 grams 
of brown, resinous material were separated. The green resin, when 
extracted with various solvents, yielded a very small amount of 
a hydrocarbon (m. p. 68°), which was probably hentriacontane, C,,H,,; 
a phytosterol, C,,H,,O (m. p. 148°; [a], +3°2°) ; a substance melting 
at 258—260°, which appears to be related to ipuranol; C,,H,,0,(OH), ; 
a mixture of fatty acids; and a product corresponding to the 
so-called “elaterin,” the characters of which have previously been 
elucidated by the authors (Pharm. J., 1909, [iv], 29, 501). 1tis now 
proposed to designate the levorotatory constituent of crude elaterin as 
a-elaterin, and the dextrorotatory, physiologically active constituent 
as B-elaterin. From the brown, resinous material, with the exception 
of small amounts of elaterin, nothing definite could be isolated. The 
portion of the alcoholic extract of the fruit which was soluble in water 
contained a considerable amount of inorganic salts, consisting chiefly of 
potassium chloride and sulphate, and a sugar which yielded d-phenyl- 
glucosazone (m. p. 216°). 
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No evidence could be obtained of the presence of a glucoside of 
elaterin, which has been stated by Berg (Joc. cit.) to be contained in 
the juice of the fresh fruit, nor could any other glucosidic substance 
be detected. It was, on the other hand, quite definitely ascertained 
that the so-called ‘‘elaterin” exists in the fruit as such and not in a 
combined state. The various amorphous products which were described 
many years ago by Walz (NV. Jahrb. Pharm., 1859, 11, 21, 178) under 
the names of prophetin, ecbalin or elateric acid, hydroelaterin, and 
elateride were evidently indefinite mixtures, and are therefore entitled 
to no further consideration in chemical literature. 
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CCXIX.—The Resolution of Asymmetrical Derivatives 
of Phosphoric Acid. 


By Bernard Dunstan Witxinson Lurr (1851 Exhibition Scholar) 
and FrepEeric STANLEY KIPPING. 


In the case of all the optically active compounds which are known 
at the present time, with the exception of methylceyc/ohexylidene- 
acetic acid (Perkin, Pope, and Wallach, this vol., p. 1789), and 
possibly with the further exception referred to below, the optical 
activity is due to the presence of one or more fully saturated 
asymmetric groups. To the best of our knowledge there is no 
recorded instance in which optical activity is conditioned by the 
presence in the molecule of an unsaturated asymmetric complex, 
such as one of those represented by the following symbols: 


\ - a 
x Sy 
eo eM 


The possible exception is that afforded by the work of Meisen- 
heimer, who has shown (Ber., 1908, 41, 3966) that methylethyl- 
aniline oxide may be resolved into enantiomorphously related com- 
ponents, which are optically active in solution. But, as Meisen- 
heimer himself points out, the base in solution may be either the 
oxide or the hydroxide, represented respectively by the formule: 

C,H. C,H; OH 
O,H1, >N:0 and OH, NC 
CH, CH, OH 
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Consequently, as it is not yet known which of these forms is 
actually present, the possible existence of optically active compounds 
of the unsaturated type indicated above is left an open question. 
Long before the publication of Meisenheimer’s results, attempts 
were made in these laboratories to prepare an unsaturated asym- 
metric phosphorus compound of the type POR,R.R;, and then to 
resolve it into its optically active components. The first of these 
tasks was, in fact, successfully accomplished several years ago by 
Caven (Trans., 1902, 81, 1362), who obtained anilino-p-toluidino- 
phosphoric acid, PO(NHPh)(NH-°C,H,Me)-OH,  methoxy-p- 
toluidinophosphoric acid, PO(NH:*C,;H,Me)(OMe)-OH, and other 
asymmetric compounds from phosphoryl chloride; on the other 
hand, the few experiments on the resolution of these acids which 
were made at that time on a very small scale by one of us gave 
only negative results. 

As the further investigation of this matter seemed to be of some 
importance, anilino-p-toluidinophosphoric acid was prepared by the 
method described by Caven (loc. cit.), and its cinchonidine, 
strychnine, and quinine salts were submitted to fractional crystall- 
isation ; in all three cases negative results only were obtained. The 
experiments with salts of this acid, however, were not continued 
beyond this stage, firstly because of the relative instability of the 
acid, and secondly because, as already pointed out by Caven (loc. 
cit.), there is, theoretically, a possibility of the occurrence of 
tautomeric or isodynamic change in the molecule of an acid of 
this type, whether it is in the free state or in combination with a 
base. 

In the case of the acid, the hydroxylic hydrogen atom might 
simply wander from one oxygen atom to the other, or a similar 
end result might be reached by the more complex changes indicated 
in the following scheme: 


NHR /NHR NHR JNR NHR. / NHR 
~—-- : 


P <> P 
HO” Nou o% * OH 


P 
HO~ No 


If either of these processes occurred, the existence of an optically 
active acid of this type in the free state would, of course, be 
impossible. 

In the case of the salts of the acid, even assuming that hydrolysis 
did not occur, intramolecular change in the grouping 


NHR 
Ve 
DPE 


might still take place. As a result of such a molecular rearrange- 
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ment, it is not inconceivable that on crystallising a salt of anilino- 
p-toluidinophosphoric acid which contained an active base, all the 
acid molecules might be transformed into one of the optically active 
forms, namely, that which gave the more sparingly soluble salt. 
A resolution or transformation of this character, provided that it 
occurred sufficiently rapidly, would not be detected unless the 
specific rotation of the salt in aqueous solution could be determined, 
and the observed behaviour of the salt would simulate that of a 
non-resolvable partially racemic substance. In view of these possi- 
bilities, it seemed better to prepare some asymmetric substituted 
phosphoric acid in which the possibility of tautomeric or isodynamic 
change was excluded, or, at any rate, was very remote. Conse- 
quently, attempts were made to obtain methoxymethylanilino- 
phosphoric acid and ethoxymethylanilinophosphoric acid, but with- 
out success. 

The preparation of phenyl-p-tolylphosphoric acid, 

PO(OPh)(O°C,;H,Me)-OH, 

was then undertaken, and was accomplished without difficulty by 
treating phenylphosphoryl chloride with sodium p-tolyloxide and 
decomposing the phenyl-p-tolylphosphoryl chloride with water. 
This acid, in the form of its salts, is fairly stable towards water, 
and in the hope of resolving it into its optically active components 
many of its salts containing an active base were submitted to 
fractional crystallisation from various solvents; after systematic 
treatment, the extreme fractions were collected, and their melting 
points were determined as well as their specific rotations in methyl- 
alcoholic solution.* 

The following table contains a summary of the results thus 
obtained : 


Salts of Phenyl-p-tolylphosphoric Acid, PO(OPh)(O-C,;H,Me):OH. 


‘* Most sparingly ‘* Least sparingly 
soluble” fraction. soluble” fraction. 


Salt. M. p. [a]p. M. p. [a]p 
Cinchonidine 195—196° -77°3° 194—195° —75:0° 
Quinine 170 —120°6 168—169 
7-Menthylamine 198—200 —16°0 198—200 
Strychnine 149 —150 -10°1 149—150 
Brucine 168—169 -6°1 167—168 
Cinchonine 194—195 +120°9 194—195 
d-Methylhydrindamine 135 —137 +16°9 132—134 
d-Hydrindamine 128—129 -— 128—129 


~ 
. 


It will be seen from these data that in no case was there any 
evidence whatever of a resolution having occurred ; all the fractions 


* All the specific rotations given in this paper were determined in 98 per cent. 
methyl-alcoholic solution. 


1996 LUFF AND KIPPING: THE RESOLUTION OF 


of a given compound appeared to be homogeneous, and were 
identical in melting point and specific rotation within the limits 
of experimental error. 

Now there seem to be no reasonable grounds for attributing 
these negative results to the occurrence of tautomeric or isodynamic 
change. It is not impossible, of course, that in aqueous and 
related solvents the salts may be partially hydrolysed, and that the 
free acid may then undergo isomeric change; if this were so the 
consequences might be similar to those discussed in the case of the 
amino-acids, that is to say, the whole of the deposited salt might 
be derived from one of the active acids without there being any 
evidence that such was the fact. But fractional crystallisation of 
some of the above salts from ethyl acetate, ether, and other non- 
hydrolysing liquids gives the same negative result as that obtained 
with the use of aqueous alcohol; hydrolysis, followed by intra- 
molecular change in the acid, seems therefore to be excluded as 
a possible explanation of the observations. 

It has been shown by Kipping and Hall (Trans., 1901, 79, 444) 
that, in accordance with theoretical considerations, an externally 
compensated acid chloride, such as d/-phenylchloroacetyl chloride, 
gives, with an externally compensated base, such as d/-hydrindamine, 
two isomeric amides; these isomerides are themselves externally 
compensated, and if A represents the acid, and B the basic nucleus, 
the one is a mixture or racemic compound of dBdA and /B/A, the 
other a mixture or racemic compound of dB/A and /BdA. 

As the result of the examination of many salts of phenyl-p-tolyl- 
phosphoric acid failed to give any indication of the asymmetry of 
the acid molecule, it seemed advisable, before going further, to 
obtain, if possible, some evidence of this asymmetry by the appli- 
cation of the method just described. 

For this purpose, phenyl-p-tolylphosphoryl chloride was treated 
with dl-hydrindamine in ethereal solution, and the product was 
examined. Its whole behaviour showed at:once that it was a 
mixture; it could hardly be recrystallised without this fact 
becoming noticeable, and from it, in the first place, a crystalline 
compound melting at 98—100° was isolated without very much 
difficulty. After protracted crystallisation, there was obtained a 
second compound, melting at 85—87°, but which was doubtless 
not quite free from the substance of higher melting point. 
Analyses and a careful examination of these two products 
showed that they were isomeric hydrindamides of the formula 
PO(OPh)(O°C,;H,Me)-NH-C,H,; and that the compound of lower 
melting point was, in fact, a distinct substance, and not merely 
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an impure form of the amide of higher melting point, was con- 
clusively established. 

The result of the experiment made with d/-hydrindamine rendered 
it probable that the acid was a mixture of enantiomorphously 
related isomerides, and that, by employing one of the active bases, 
these isomerides, in the form of their hydrindamides, might be 
separated from one another. Such a resolution would be strictly 
comparable to that which may be brought about by fractionally 
crystallising the amide formed from a dl-base and an optically 
active acid (Kipping and Salway, Trans., 1904, 85, 438). 

The d-hydrindamide of phenyl-p-tolylphosphoric acid, therefore, 
was prepared ; in this case, also, the product was obviously a mixture, 
and when fractionally crystallised it yielded two isomeric sub- 
stances. 

The more sparingly soluble or a-compound melted at 127°, and 
had [a],—17°4°; the B-isomeride, which no doubt contained some 
of the a-compound, melted at 82—86°, and had [a],,—21°2°. 
Although the difference in value between the specific rotations of 
the two isomerides is not large, the fact that the more readily 
soluble 8-compound has the higher rotation is important evidence 
that the latter is not simply the impure a-derivative, the absence 
of d-hydrindamine salt in the samples having, of course, been 
proved very carefully. 

As a confirmatory experiment, the /-menthylamide of the acid 
was prepared, and the product was submitted to fractional crystall- 
isation. Here again the more sparingly soluble or a-isomeride 
was separated in a pure state without any great difficulty; it 
melted at 110°, and had [a],—32°3°. The f-isomeride, obtained 
from the mother liquors, and probably not quite free from the 
a-compound, melted at 85—86°, and had [a], —37°9°. 

The fact that the acid is so easily resolved into two compounds 
by the fractional crystallisation of the amides which it forms with 
active bases is in strange contrast to the behaviour which it shows 
when it is combined as the salt of an active base. On comparing 
the structures of the two classes of compounds, it would seem that 
isomeric change of a recognised common type might occur much 

NHR 
more easily in the case of the amides, >PK » than in that of 
O 


> Ae H,R 

the salts, >P 

No 

But, since the amides are quite stable and may be repeatedly 


crystallised without their undergoing any alteration in properties, 
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it seems reasonable to conclude that the occurrence of ititra- 
molecular rearrangement has nothing to do with the failure to 
resolve the acid by crystallising its salts with active bases. 

From the results of this investigation, it also seems clear that 
phenyl-p-tolylphosphoric acid is a mixture of enantiomorphously 
related isomerides, and that the unsaturated grouping (I) is com- 
parable with the saturated complex (II): 


fr ~ ~- 
P C 
/ Na o Nd 
(I.) (II.) - 
Unfortunately, although the optically active components of the 
acid have in all probably been separated from one another, their 


preparation in the free state was not practicable, owing to the 
stability of the amides in which they were contained. 


EXPERIMENTAL. 


Anilino-p-toluidinophosphoric adid, 
PO(NHPh)(NH-C,H,Me):OH, 
was prepared by the method described by Caven (Trans., 1902, 81, 


1869), and was purified by dissolving it in 50 per cent. alcohol 
containing ammonia, and then acidifying the solution with hydro- 
chloric acid. The compound is thus obtained in pearly leaflets, 
and there is less decomposition than when aqueous alcohol or 
acetone alone is employed as solvent. 


Strychnine Anilino-p-toluidinophosphate. 


This salt was precipitated in crystals on adding a solution of 
strychnine hydrochloride to a solution of the ammonium salt of the 
acid. It was washed with water and fractionally crystallised from 
cold aqueous methyl alcohol, from which solvent it was deposited 
in glistening needles. After about twelve crystallisations, extreme 
fractions were examined; the specific rotations were determined 
in methyl-alcoholic solution.* 

“Most sparingly soluble” fraction—M. p. 137—138°. 1°349 
(dried at 100°), made up to 25 c.c., gave, in a 2-dem. tube, a—0°71°, 
whence [a], —7°3°. 

“Least sparingly soluble” fraction—M. p. 137—138°. 0°69 
(dried at 100°), made up to 20 c.c., gave, in a 2-dem. tube, a—0°49°, 
whence [a],,— 7°19. 

The salt crystallises from aqueous solvents in prismatic needles, 


* See footnote on p. 1995. 


ASYMMETRICAL DERIVATIVES OF PHOSPHORIC ACID. 1999 


and is readily soluble in acetone, chloroform, and the common 
alcohols, but is only sparingly soluble in benzene and almost 
insoluble in light petroleum. On repeatedly crystallising the salt 
from aqueous alcohol, slight decomposition occurred, so that the 
final mother liquors, which were brown and had an odour of 
p-toluidine, were discarded in the above operations. 


Cinchonidine Anilino-p-toluidinophosphate. 


This compound was obtained as a crystalline precipitate on the 
addition of cinchonidine hydrochloride to a solution of the 
ammonium salt; after one crystallisation from aqueous methyl 
alcohol, it melted at 203°, but after one or two more recrystal- 
lisations the melting point fell to 199°. This was due to hydrolysis 
brought about by the prolonged heating with the solvent which 
was necessary to redissolve the salt. 

As the compound was insoluble in non-hydrolysing solvents such 
as benzene, its investigation was not continued. 


Quinine Anilino-p-toluidinophosphate. 


This salt was precipitated as a solid on adding a solution of 


quinine hydrochloride to a solution of the ammonium salt of the 
acid. It was washed and dried, and dissolved in a mixture of hot 
benzene and light petroleum containing a little methyl alcohol; 
from this mixture it was deposited in crystals melting at 155—156°, 
but after it had been separated into several fractions as the result 
of three or four similar recrystallisations, the melting point ranged 
from 160° to 175°; this result seemed to be due to the employment 
of a larger proportion of methyl alcohol in “he solvent, for, when 
these fractions were recrystallised from benzene and petroleum 
containing only a trace of methyl alcohol, the melting point fell 
again to 155—156°. It was also found that when the solid melting 
at 155—156° was warmed on the water-bath with benzene, the 
melting point gradually rose to 180—181°; the same result was 
obtained by crystallising a portion of the salt melting at 155—156° 
from aqueous methyl alcohol, the lustrous prisms thus obtained 
melting at 180—181°. A mixture of the samples melting at 
155—156° and 180—181° respectively liquefied at about 175°. 
Further, on dissolving some of the salt melting at 180—181° in 
cold chloroform, and then adding light petroleum, there was pre- 
cipitated an oil which set to a glassy solid ; the latter, when heated 
slowly, swelled up to a frothy mass at 80—100°, and seemed to 
melt at about 130°, properties which it retained even when kept 
during some days. 
6Q2 
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It seems from these observations that the quinine salt exists in 
three modifications, which are easily converted one into the other 
by recrystallisation, but the matter was not further investigated. 

Determinations of the specific rotations of the samples melting 
at 180—181° and 155—156° respectively confirmed the conclusion 
that the different melting points observed were not due to a 
resolution of the acid having occurred: 

Salt melting at 180—181°.—0°7398, made up to 25 c.c., gave, in 
a 2-dem. tube, a—7°76°, whence [a], —131°0°. 

Salt melting at 155—156°.—0°7114, under the same conditions, 
gave a—7°39°, whence [a], —129°8°. 


Experiments on the Preparation of an Alkyloxymethylanilino- 
phosphoryl Chloride. 


An attempt was made to prepare methoxymethylanilinophosphoryl 
chloride, PO(OMe)(NMePh)Cl, by treating methoxyphosphoryl 
chloride (1 mol.) with methylaniline (2 mols.) in benzene solution ; 
no immediate precipitation of methylaniline hydrochloride occurred, 
but in the course of half an hour crystals began to separate. After 
the mixture had remained overnight, the solution was filtered and 
evaporated, when a viscid, oily liquid remained. Similar experi- 
ments, using ether or light petroleum as solvent, gave similar 
results, but it was found to be impossible to isolate any crystalline 
substance from the crude oily product; attempts to prepare the 
corresponding ethoxy-derivative were also unsuccessful. 


Phenyl-p-toly'phosphoryl Chloride, PO(OPh)(O-C,H,Me)Cl. 


A thin paste of sodium p-tolyloxide (1 mol.) and ether, prepared 
by treating an ethereal solution of p-cresol with sodium wire, was 
slowly run into an ethereal solution of phenylphosphoryl chloride 
(1 mol.), the whole being well stirred during the operation. The 
reaction took place immediately, sodium chloride being deposited 
in a microcrystalline form. After some time the solution was 
filtered in absence of moisture; the ether was then evaporated, and 
the residue submitted to fractional distillation under 35 mm. 
pressure. Fractions were first collected boiling at (I.) below 235°, 
(II) 235—255°, and (IIT) 255—275°, and during this first distil- 
lation sodium chloride separated in moderate amount. After 
further systematic operations, a large proportion of liquid boiling 
at 244—248°/35 mm. was obtained. 

An analysis of this fraction gave the following result: 

0°643 gave 0°317 AgCl. Cl=12°1. 

C,,H,,0,C1P requires Cl=12°5 per cent. 
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Phenyl-p-tolylphosphoryl chloride is a colourless, highly refractive 
liquid, which does not fume in moist air until it has been exposed 
for some time; it is-only slowly acted on by cold water, giving 
the corresponding acid, but it is readily converted into the sodium 
salt of the acid when it is warmed with dilute sodium hydroxide 


solution. 


Phenyl-p-tolylphosphoric Acid, PO(OPh)(O-C,H,Me)-OH. 


The chloride was placed in a stoppered bottle with an excess of 
10 per cent. sodium hydroxide solution, and the contents were then 
warmed to about 60° and shaken vigorously. In a short time the 
chloride passed into solution, and, on acidifying, an oil was 
deposited; the supernatant liquid was then decanted, and the oil, 
after having been washed with water, was dried over sulphuric 
acid. In the course of a few days it solidified, and was then 
purified by crystallisation from a mixture of benzene and light 
petroleum; the acid was thus obtained in tufts of radiated, wax- 
like needles, melting at 54°. On analysis: 

0°1706 gave 0°3692 CO, and 0°0772 H,O. C=59°0; H=5°0. 

C,3H,30,P requires C=59°1; H=4'9 per cent. 

The equivalent of the acid was determined by means of standard 
barium hydroxide solution ; this gave a value of 262, the calculated 
equivalent of phenyl-p-tolylphosphoric acid being 264. 

The acid is nearly insoluble in water and in light petroleum, 
but is soluble in chloroform, benzene, and the common alcohols; 
it is not readily hydrolysed by alkalis, prolonged boiling being 
necessary. In subsequent preparations of the acid, the pure 
chloride was not isolated, but the crude product obtained by the 
interaction of the phenylphosphoryl chloride and sodium p-tolyl- 
oxide, after evaporating the ether, was treated as follows. 

The residue was washed into a stoppered bottle with 10 per 
cent. sodium hydroxide solution, and the mixture warmed to about 
60°; the whole was then violently shaken, and after a few minutes 
the oil had almost completely passed into solution, only a small 
proportion remaining undissolved. As the liquid cooled, this 
insoluble oil solidified, and was then separated ; it is described later. 

The clear alkaline solution was treated with excess of hydro- 
chloric acid, whereupon the phenyl-p-tolylphosphoric acid was pre- 
cipitated as an oil; after having been washed and dried in a vacuum 
desiccator, it solidified to a crystalline mass, melting at 53°. 
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Phenyl Di-p-tolyl Phosphate, PO(O°C,H,Me),*OPh. 


This compound was formed in small quantities in the preparation 
of phenyl-p-tolylphosphoryl chloride, and remained as a solid when 
samples of the impure chloride were treated in the manner just 
described ; after crystallisation from light petroleum, it melted at 
54°. An estimation of phosphorus was carried out by igniting a 
mixture of the solid and sodium peroxide, and subsequently titrating 
with standard uranium nitrate: 

0°584 required 23°6 c.c. uranium nitrate (1 c.c.=0°00209 gram P). 

P=84, 
C,,H,,0,P requires P =8'7 per cent. 

The ester is soluble in the common alcohols, benzene, and light 
petroleum, and crystallises in rectangular plates. 


Cinchonidine Phenyl p-Tolyl Phosphate, 


On the addition of cinchonidine hydrochloride to a solution of 
the ammonium salt of the acid, a white, crystalline precipitate was 
immediately obtained. The salt was separated by filtration, washed, 
and fractionally crystallised from hot aqueous alcohol, from which 
solvent it was deposited in long, silky needles. After about eight 
recrystallisations, the extreme fractions were examined: 

“ Most sparingly soluble” fraction—M. p. 195—196°. 0°291 
(dried at 100°), made up to 25 c.c., gave, in a 2-dem. tube, a—1°80°, 
whence [a], —77°3°. 

“ Least sparingly soluble” fraction.—M. p. 194—195°. 0°237, 
under the same conditions, gave a—1°42°, whence [a], —75°0°. 

The salt is soluble in cold ethyl acetate, chloroform, acetone, and 
the common alcohols, but is insoluble in light petroleum. A sample 
of the salt was also fractionally crystallised from a hot mixture 
of benzene and light petroleum, but the extreme fractions had the 
same properties as when aqueous alcohol was used. 


Quinine Phenyl p-Tolyl Phosphate. 


This salt was precipitated as an oil on adding a solution of 
quinine hydrochloride to a solution of the ammonium salt, but it 
soon solidified. A sample was fractionally crystallised from aqueous 
alcohol, from which it separated in a somewhat flocculent form ; 
extreme fractions obtained after about eight recrystallisations had 
the same melting points and the same specific rotations. 

“ Most sparingly soluble’ fraction—M. p. 170°. 0°2446, made 
up to 25 c.c., gave, in a 2-dem. tube, a—2°36°, whence [a], ~120°6°. 
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“ Least sparingly soluble” fraction—M, p. 168—169°. 0°383, 
under the same conditions, gave a—3°77°, whence [a], —121°1°. 
The quinine salt is deposited from both aqueous and dry solvents 
in felted masses of microscopic needles; it is soluble in cold ethyl 
acetate, chloroform, and the common solvents, but is insoluble in 
light petroleum. A sample of salt fractionally crystallised from 
a mixture of chloroform and light petroleum gave the same results 
as those obtained by employing aqueous alcohol as solvent. 


1-Menthylamine Phenyl p-Tolyl Phosphate. 


The oily salt, prepared by precipitation, did not solidify for some 
time. It was washed with water and fractionally crystallised from 
aqueous alcohol at the ordinary temperature, the process being 
continued until the “most sparingly soluble”’ portion had been 
crystallised eight times. The two extreme fractions were then 
examined, but the results showed that a resolution had not 
occurred : 

“ Most sparingly soluble” fraction.—M. p. 198—-200°. 0°1064, 
made up to 20 c.c., gave, in a 2-dem. tube, a—0°17°, whence 
[a], —16°0°. 

“ Least sparingly soluble” fraction.—M. p. 198—200°. 0°1426, 
under the same conditions, gave a—0°22°, whence [a], —15°4°. 

The salt crystallises from aqueous alcohol in long, silky needles ; 
it is soluble in nearly all organic solvents, such as benzene, light 
petroleum, and ethyl acetate, even in the cold. 


Strychnine Phenyl p-Tolyl Phosphate. 


This salt was systematically crystallised from aqueous alcohol at 
the ordinary temperature, and extreme fractions were then 
examined : 

“ Most sparingly soluble” fraction.—M. p. 150—151°. 0°335, 
made up to 20 cc., gave, in a 2-dem. tube, a—0°34°, whence 
[a], — 10°19. 

“ Least sparingly soluble” fraction——M. p. 150—151°. 0°338, 
under the same conditions, gave a—0°34°, whence [a], —11°2°. 

The salt crystallises from aqueous solvents in rosettes of needles, 
and is soluble in acetone, chloroform, or alcohol, but is insoluble in 
light petroleum. 


Brucine Phenyl p-Tolyl Phosphate. 


On adding brucine hydrochloride solution to a solution of the 
ammonium salt, an oil was first precipitated, which redissolved on 
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stirring; on further addition of the hydrochloride, however, a 
permanent, oily precipitate was obtained. The salt did not solidify, 
even in the course of some days, but when washed with water and 
evaporated with methyl alcohol it was obtained as a glassy mass. 
The compound could not be obtained in crystals from aqueous 
solvents, but from hot ethyl acetate, containing a little methyl 
alcohol, it separated in prisms; it was fractionally crystallised from 
this mixture about eight times, and extreme fractions were then 
examined : 

“Most sparingly soluble” fraction—M. p. 168—169°. 0°821, 
made up to 20 c.c., gave, in a 2-dem. tube, a—0°50°, whence 
[a], —6°1°. 

“ Least sparingly soluble” fraction—M. p. 167—168°. 0°894, 
under the same conditions, gave a—0°58°, whence [a], —6°4°. 

The brucine salt was obtained in another crystalline form by 
keeping the oily precipitate for some weeks; at the end of this time 
it began to solidify, giving well-defined prisms. These contained 
water of crystallisation, and, when anhydrous, melted at 116—118° ; 
on recrystallisation from ethyl acetate and methyl alcohol, however, 
the compound melting at 168—169° was deposited. 

The salt is soluble in chloroform, acetone, and the common 
alcohols, but is insoluble in light petroleum, ethyl acetate, or 
benzene. 


Cinchonine Phenyl p-Tolyl Phosphate. 


This salt remained oily during several hours, but after having 
once solidified it crystallised readily from weak aqueous alcohol. 
It was fractionally crystallised from this solvent, and after ten 
operations extreme fractions were collected and examined: 

“ Most sparingly soluble” fraction —M. p. 194—195°. 0°214, 
made up to 25 c.c., gave, in a 2-dem. tube, a+2°07°, whence 
[a], +120°9°. 

“ Least sparingly soluble” fraction—M. p. 193—194°. 0°164, 
under the same conditions, gave a+1°99°, whence [a], + 121°3°. 

The cinchonine salt crystallises in prismatic needles, and is soluble 
in cold chloroform, acetone, benzene, and the common alcohols, but 
is insoluble in light petroleum. 


d-Methylhydrindamine Phenyl p-Tolyl Phosphate. 


The d-methylhydrindamine salt of phenyl-p-tolylphosphoric acid 
was prepared by fractionally precipitating a solution of the sodium 
salt with the hydrochloride of the d-base. The first separation did 
not solidify for some time, but all later fractions, which were only 
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precipitated after the first one had crystallised, solidified imme- 
diately. Three main fractions were thus obtained ; they all melted 
at 123—125° after having been recrystallised once from aqueous 
methyl alcohol. 

As fractional precipitation from aqueous solvents had given 
négative results, the whole of the salt was washed and dried and 
systematically crystallised from a mixture of ethyl acetate and ether. 
The most sparingly soluble portion thus obtained, after about six 
operations, melted at 135—137°, the most readily soluble one at 
132—134°, but the two preparations gave the same specific 
rotations : 

“ Most sparingly soluble” fraction.—M. p. 135—137°. 0°467, 
made up to 20 c.c., gave, in a 2-dem. tube, «+0°79°, whence 
[a],+16°9°. 

“ Least sparingly soluble” fraction—M. p. 132—134°. 0°836, 
under the same conditions, gave a+ 1°34°, whence [a], + 16°5°. 

The whole of the salt was then fractionally crystallised from 
anhydrous acetone about six times; the most sparingly soluble 
fraction melted at 135—137°, and when examined polarimetrically 
gave the following result: 

0°887, made up to-20 c.c., gave, in a 2-dem. tube, a+ 1°49°, whence 
[a], + 16°8°. 

The further examination of this salt showed that the different 
melting points of preparations from aqueous methyl alcohol and 
from ethyl acetate or acetone were not due to a resolution of the 
acid having occurred; although many experiments were made, the 
conditions leading to the production of the different crystalline 
forms were not very satisfactorily established. Sometimes the 
crystals obtained from a mixture of ethyl acetate and ether melted 
at 124—125°; sometimes they only sintered at this temperature 
very slightly and then melted at 134—136°; occasionally they only 
showed faint signs of sintering at 125°, and partially and suddenly 
melted at 130—131°, the rest liquefying at 135—136°. 

The salt is very readily soluble in methyl alcohol, and dissolves 
freely in hot ethyl acetate or hot acetone, but it is only sparingly 
soluble in ether, and practically insoluble in cold water. 


d-Hydrindamine Phenyl p-Tolyl Phosphate. 


This salt was prepared from the sodium salt by precipitation, but 
not in large quantities; it remained oy during several hours, but 
after having solidified it crystallised well from aqueous methyl 
alcohol in colourless prisms, melting at 128—129°. Fractional 
crystallisation from the solvent just named, and also from a mixture 
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of ethyl acetate and ether, failed to give any sign of resolution; 
the melting point of the salt obtained from ethereal solutions seemed 
to be 3° lower than that of preparations from aqueous solvents—an 
indication of dimorphism, which was not further examined. 

The salt is soluble in methyl alcohol and hot ethyl acetate, but 
only sparingly soluble in cold ether and in cold water. 


Isomeric dl-Hydrindamides of Phenyl-p-tolylphosphoric Acid. 


These compounds were prepared by the interaction in~ ethereal 
solution of phenyl-p-tolylphosphoryl chloride (1 mol.) and a slight 
excess of the theoretical quantity (2 mols.) of dl-hydrindamine: 
PO(OPh)(O-C,H,Me)Cl + 2C,H,*NH, = 

PO(OPh)(O-C,H,Me)(NH:C,H,) + CyHy*NH,,HCl. 

An immediate precipitate of d/-hydrindamine hydrochloride was 
formed, and the reaction seemed to be at an end almost immediately, 
but to ensure its completion the solution was left for twelve hours 
at the ordinary temperature. The hydrochloride of the base was 
then separated by filtration, and the ethereal solution was 
evaporated at the ordinary temperature; the residue, a crystalline 
solid mixed with oil, was washed with very dilute acetic acid, and 
then fractionally crystallised from aqueous methyl alcohol, 

a-Isomeride.—After a great many operations the substance most 
sparingly soluble in methyl alcohol was obtained in fairly well- 
defined, transparent prisms; it was dried over sulphuric acid until 
constant, and analysed, with the following result: 

0°1675 gave 0°4291 CO, and 0°0902 H,O. C=69°86; H=5'9. 

Cy.H»O,;NP requires C=69°65; H=5'8 per cent. 

This d/-hydrindamide melts at 98—100°, and solidifies, on cooling, 
to a crystalline mass, which does not melt until 104—105°, although 
it sinters at lower temperatures. These observations seem to show 
that this a-isomeride is dimorphous, and on at least. two occasions 
during its purification it separated from aqueous methyl alcohol 
in crystals which melted at 105°, but the exact conditions required 
for the production of this modification were not determined. 

The compound is very readily soluble in methyl alcohol, chloro- 
form, or ethyl acetate, and slightly soluble in boiling ether, but 
only very sparingly soluble in boiling light petroleum, and prac- 
tically insoluble in cold water. 

B-Isomeride.—After having separated all the more sparingly 
soluble portions (which consisted mainly of the a-isomeride), there 
remained eight or ten fractions, which had been obtained by 
systematically crystallising the mixture of hydrindamides from 
methyl! alcohol; the most sparingly soluble portion melted at about 


ASYMMETRICAL DERIVATIVES OF PHOSPHORIC ACID. 2007 


94°, the most readily soluble one at 74°, the intermediate ones at 
temperatures between these extremes in regular gradation. The 
several portions were next systematically extracted with cold ether, 
and all the more soluble material was then collected and fractionally 
crystallised from a, mixture of ether and light petroleum; in this 
way there was obtained, as the most sparingly soluble portion, a 
preparation, obviously not quite pure, which sintered at about 72°, 
melting completely at 74—-76°. This sample was dried and 
analysed : 


0°1758 gave 0:4485 CO, and 0°0951 H,O. C=69°57; H=6°0, 
Co9H.0,NP requires C=69°65; H=5'8 per cent. 

As this result seemed to prove the existence of a hydrindamide 
isomeric with the compound: described above, the impure pre- 
paration melting at 74—76° was fractionally crystallised from 
aqueous methyl alcohol, and at last a small proportion of it was 
obtained in long, colourless needles, melting at 85—87°% On 
analysis : 


0°1741 gave 0°4466 CO, and 0°0930 H,O. C=69°96; H=5'9. 


That the substance melting at 85—87° is not merely an impure 
form of the a-isomeride was proved by mixing it with an approxi- 
mately equal proportion of the latter; the mixture sintered at 75°, 
and was completely melted at 83°. 

These two hydrindamines are so very similar in appearance and 
in properties that their separation is only accomplished with very 
great difficulty, a fact which is perhaps strong confirmatory evidence 
of their isomerism. That the two substances are amides, and not 
salts, is proved, not only by the analytical results, but also by the 
fact that they are not appreciably changed by sodium carbonate in 
aqueous alcoholic solution ; in fact, they can be warmed in contact 
with aqueous sodium hydroxide for some time without any base 
being liberated. 


— 


Isomeric d-Hydrindamides of Phenyl-p-tolylphosphoric Acid. 


The acid chloride was: next treated with d-hydrindamine, as 
described in the case of the d/-base. The product, after preliminary 
purification, was fractionally crystallised from aqueous methyl 
alcohol, and after several operations the most sparingly soluble 
deposit underwent no further change in properties. 

a-Isomeride.—The more sparingly soluble compound, distinguished 
as, the a-isomeride, melted at 127°, and was analysed: 

0;1652 gave 0°4216 CO, and 0°0888 H,O. C=69°6; H=5°9. 

Cy2H,,0;NP requires C=69°65; H=§'8 per cent, 
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0°3744, made up to 20 c.c., gave, in a 2-dem. tube, a—0°65°, 
whence [a], —17°4°. 

B-Isomeride.—The more readily soluble fractions, which separated 
from aqueous methyl! alcohol in an oily condition, were dried and 
systematically crystallised from light petroleum (b. p. 65—75°) ; 
the most readily soluble portion was then again treated with aqueous 
methyl alcohol, and, after two crystallisations, the most sparingly 
soluble deposit was collected. This sample melted at 82—86°, and 
on analysis gave the following result: 

0°1510 gave 0°3838 CO, and 0°0818 H,O. C=69°3; H=6°0. 

0°423, made up to 20 c.c., gave, in a 2-dem. tube, a—0°90°, whence 
[a], —21°2°. 

Although the specimen of the B-isomeride was certainly not a 
perfectly pure compound, these results prove beyond doubt that two 
isomeric amides are formed by the interaction of d-hydrindamine 
and phenyl-p-tolylphosphory]l chloride. The whole behaviour of the 
original product is that of a mixture of equal quantities of nearly 
related isomerides, and the isolation of the more readily soluble 
one was, of course, hardly to be expected; it was proved, however, 
that the B-isomeride was quite free from any hydrindamine salt, 
and in these circumstances the fact that it has a higher specific 
rotation than the a-isomeride is important proof of its real existence. 
Except for the difference in melting point and the slight. difference 
in solubility, the two isomerides are very similar to one another 
and to the isomerides obtained with di-hydrindamine; they both 
crystallise in prisms, and dissolve freely in alcohol and most other 
organic solvents, but are only sparingly soluble in cold light 
petroleum and practically insoluble in water. Their chemical 
behaviour is, of course, the same as that of the inactive isomerides, 
and both may be boiled with sodium carbonate in aqueous-alcoholic 
solution for some moments without any evolution of base taking 


place. 
Attempts to reconvert the amides into the acids were not 


successful. 


Isomeric 1-Menthylamides of Phenyl-p-tolylphosphoric Acid. 


These compounds were prepared and purified in a manner similar 
to that employed in the case of the hydrindamides. The crude, 
oily product which slowly solidified was fractionally crystallised 
from aqueous methyl alcohol, and after about three crystallisations 
the most sparingly soluble fraction began to crystallise in well- 
defined, prismatic needles. 
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a-Isomeride.—After about three more crystallisations, the most 
sparingly soluble fraction was a pure compound. On analysis: 
0°1596 gave 0°4014 CO, and 0°1156 H,O. C=686; H=8°06. 
C.3;H30,;NP requires C=68°8; H=7'98 per cent. 

0°26, made up to 20 c.c., gave, in a 2-dem. tube, a—0°84°, whence 
[a], —32°3°. 

This /-menthylamide melts at 109—110°; it is soluble in alcohol, 
ethyl acetate, or chloroform, but is less readily soluble in ether or 
light petroleum. 

B-Isomeride.—After removing the most sparingly soluble portions 
of the /-menthylamide, the remaining fractions all meited at tem- 
peratures ranging from 70—80° ; as further fractional crystallisation 
from aqueous methyl alcohol proved to be useless, all these fractions, 
were collected, dried, and dissolved in light petroleum. From this 
solvent, crystals could only be obtained with difficulty, owing to the 
great solubility of the substance, so after separating some more 
sparingly soluble material aqueous ethyl alcohol was employed; 
after protracted purification a sample, melting at 85—-86°, was then 
obtained. This specimen gave the following result on analysis: 

0°1548 gave 0°3916 CO, and 071134 H,O. C=69°0; H=8'14. 

C,3;H30,NP requires C=68°8; H=7°98 per cent. 

0°2214, made up to 20 c.c., gave, in a 2-dem. tube, a—0°84°, 
whence [a], —37°9°. 

As in the case of the hydrindamides, this B-isomeride cannot be 
regarded as a perfectly pure substance. Nevertheless, the observa- 
tions made during the examination of the menthylamides can only 
be explained on the assumption that the original product is a 
mixture of isomerides, apparently in equal quantities. The absence 
of any /-menthylamine salt from the 8-isomeride was, of course, 
proved before analysis. 

The isomeric /-menthylamides are very similar in properties, and 
are readily soluble in all common organic solvents, but are prac- 
tically insoluble in water. 
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CCXX.—Synthesis of cycloHexanone-3-carboaylie Acid. 


By Mary EizaserH Doxsson, Joun Ferns, and 
Witi1am Henry PERKIN, jun. 


Tue synthesis of carvestrene (Perkin and Tattersall, Trans., 1907, 
91, 480) had for its starting point m-hydroxybenzoic acid, which 
was reduced by sodium and alcohol to cyclohexanol-3-carboxylic 
acid, and the latter then converted into cyclohexanone-3-carboxylic 
acid by oxidation with chromic acid mixture: 

cH oH OH CH-C0,H < CH <r CH >CH-00,H. 

The yield of this ketonic acid was very unsatisfactory, and the 
preparation of the amount required for the synthesis of carvestrene 
proved to be so laborious that it was found impossible to investigate 
that important terpene and its derivatives in so thorough a manner 
as we had hoped to have done. In order, if possible, to overcome 
this difficulty, new experiments are being actively carried on, 
and the present communication deals with a series of reactions 
which have been undertaken with the object of synthesising cyclo- 
hexanone-3-carboxylic acid, and, although we have been successful 
in this, the process is, unfortunately, still not suitable for the 
preparation of large quantities of this acid. The various steps in 
the synthesis are the following. 

In the first place, ethyl oxaladipate is prepared by condensing 
ethyl oxalate with ethyl adipate in the presence of sodium 
ethoxide (compare Wislicenus and Schwanhiuser, Annalen, 1897, 
297,110), and, on distilling this, it decomposes with elimination of 
carbon monoxide and formation of ethyl butane-add-tricarboxylate : 
CO,Et*CO-CH(CO,Et)-CH,°CH,*CH,*CO,Et —> 

CH(CO,Et),*CH,°CH,*CH,°CO,Et. 

The sodium derivative of the latter ester reacts readily with 
ethyl bromoacetate, with the formation of ethyl pentane-adde-tetra- 
carboxylate, CO,Et*CH,*C(CO,Et),*CH,*CH.*CH,°CO,Et, and, when 
the product of the hydrolysis of this ester is heated, it yields 
pentane-abe-tricarboxylic acid, 

CO,H-CH,*CH(CO,H)-CH,*CH,*CH,°CO,H. 
The next step was to investigate the action of sodium on the 
ester of this acid. When the formula of ethyl pentane-ade-tri- 
carboaylate, 
d a b c 
CO, Et*CH,-CH(CO,Et)-CH,-CH,°CH,°CO,Et, 
is examined, it is readily seen that condensation with elimination 
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of alcohol can take place either between the CO,Et (a) and the 
CH, (4) to yield ethyl 5-carboxycyc/opentanone-2-acetate (I), or 
CH,-CH, ne cet -CHs'CH, 

Neus Bi “00,1 C2 CH< 6. ‘OH, SCH‘CO,Et 
(I.) (11.) 

between the CO,Et (c) and the CH, (d), in which case ethyl cyclo- 
hexanone-8 : 6-dicarboxylate (II) would be produced. On hydro- 
lysis and elimination of carbon dioxide, the former would yield 
cyclopentanone-2-acetic acid, and the latter cyclohexanone- 
3-carboxylic acid: 


CO,Et-CH,"CH 


CO,H'CH, CH<oo 5 My and Fi on >CH-CO,H. 


Now, in condensations of this nature, where the two posuibilitie 
exist, the usual experience is that the five-carbon ring is almost 
invariably formed in preference to the six-carbon ring, and we 
were therefore greatly surprised when we found that the product 
of the action of sodium on ethyl pentane-ade-tricarboxylate is 
evidently ethyl cyclohexanone-3: 6-dicarboxylate. This is proved 
by the fact that the ester actually obtained yielded, on hydrolysis 
and elimination of carbon dioxide, an acid melting at 73—75°, 
which was proved, by direct comparison with a specimen of the 
acid prepared from m-hydroxybenzoic acid by Perkin and Tattersall 
(loc. cit.), to be cyclohexanone-3-carboxylic acid. These experi- 
ments therefore constitute a synthesis of this important acid, but 
the process is very costly and the yield too small to make the 
synthesis, in the meantime, of practical importance. 
This communication also contains an account of an attempt to 
convert ethyl cyclopentanone-2-carboxylate into ethyl 1-methyl- 
cyclopentan-2-one-l-carboxylate, and then into ethyl 1-methyl- 
cyclopentan-2-ol-l-carboxylate and ethyl 1-methyl-A*-cyclopentene- 
CH,°CH, CH,°CH, 

7 *<oo-dH: -CO,Et sates *<co—dme- ‘CO, Et 
on CH,°CH, 

OB oo) éme-co,et 7 °<coH~dme-co, Et: 


l-carboxylate, in order that the latter ester might be used in 
the further synthesis of terpenes containing a five-carbon ring 


(compare Haworth and Perkin, Trans., 1908, 93. 573). 


om >, 


EXPERIMENTAL, 


. Ethyl Pentane-abdd¢-tetracarbozylate, 
CO, Et»CH,*C(CO,Et),*CH,-CH,*CH,°CO,Et. 
As explained on p. 2010, this ester is obtained when ethyl 
bromoacetate reacts with the sodium derivative of ethyl butane- 
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ad8-tricarboxylate, CH(CO,Et),“CH,"CH,°CH,°CO,Et, an _ ester 
which we prepared in quantity by the method described by 
Wislicenus and Schwanhiuser (loc. cit.). Sodium (2°3 grams) was 
dissolved in absolute alcohol (40 grams), mixed with ethyl butane- 
ad-tricarboxylate (27°4 grams) and ethyl bromoacetate (16°7 
grams), and the whole heated in a reflux apparatus on the water- 
bath for two hours. The product was mixed with water, extracted 
with ether, the ethereal solution washed, dried, and evaporated, 
and the residual oil several times fractionated under diminished 
pressure, when a considerable quantity of a colourless oil distilled 
at 210—212°/10 mm., and consisted of pure ethyl pentane-adde- 
tetracarbozxylate : 
0°2112 gave 0°4371 CO, and 0°1519 H,O. C=56°4; H=8°0. 
C,,H,,0, requires C=56°7; H=7°8 per cent. 


Ethyl Pentane-ade-tricarbozylate, 
CO,Et-CH,*CH(CO,Et)*CH,"CH,*CH,*CO,Et. 


In order, in the first place, to obtain pentane-ade-tricarboxylic 
acid, ethyl pentane-adde-tetracarboxylate was boiled with a mixture 
of three times its volume of concentrated hydrochloric acid, diluted 
with an equal volume of water, for seventeen hours in a reflux 
apparatus, the condenser of which was removed from time to time 
to allow alcohol to escape. The hydrochloric acid was then distilled 
off under diminished pressure, and the syrupy residue heated in an 
oil-bath until the evolution of carbon dioxide ceased. The crude 
pentane-ade-tricarboxylic acid thus obtained was esterified by 
digesting with alcohol and sulphuric acid for several hours, the 
ester was then precipitated with water, extracted with ether, the 
ethereal solution washed with sodium carbonate, dried, and frac- 
tioned, when almost the whole quantity distilled at 195—197°/ 
15 mm., and consisted of pure ethyl pentane-ade-tricarbozylate: 

0°1502 gave 0°3212 CO, and 0°1134 H,O. C=583; H=8'4. 

C,,H.,0, requires C=58°3; H=8'3 per cent. 

When this ester was digested with dilute hydrochloric acid, it 
was readily hydrolysed, and, after distilling off the hydrochloric 
acid under diminished pressure, a syrup remained which gradually 
crystallised. 

The mass was left in contact with porous porcelain until quite 
dry, and then crystallised from a very little hydrochloric acid, in 
which the acid is very readily soluble. The following analyses 
were made with different preparations; the first was carried out 
with a specimen of the acid which had remained for some days 
simply exposed to the air, and the second with a specimen of the 
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acid which had been dried for twenty-four hours over sulphuric 
acid : 


0°1135 gave 0°1890 CO, and 0°0640 H,O. C=454; H=63. 
071260 ,, 02100 CO, ,, 00710 H,O. C=45-4; H=6°3. 
C,H,.0,,4H,O requires C=45°1; H=6'1 per cent. 


It appears, therefore, from these analyses, that pentane-abde-tri- 
carboxylic acid crystallises from hydrochloric acid with }H,O. 

It crystallises in crusts, melts at about 96°, and, on cooling, sets 
to a resin which remains in that condition for months. 

Ethyl pentane-ade-tricarboxyate has been obtained by Kotz and 
Schiiler (Annalen, 1906, 8350, 241) by treating the sodium 
derivative of ethyl cyclopentanone-2-carboxylate with ethyl bromo- 
acetate and then hydrolysing the ethyl cyclopentanone-2-carboxylate- 
2-acetate thus produced with sodium ethoxide, when fission of the 
ring takes place according to the scheme: 


CH,-CH, 
CH<Co-~-C(c0, Et)-CH,*CO,Et 


ay 


—~CH, 
CH <0, Et buco, ,Et)*CH,‘CO,Et. 


These investigators give the boiling point of ethyl pentane- 
ade-tricarboxylate as 188—189°/18 mm., which is rather lower 
than the boiling point (195—197°/15 mm.) recorded by us. They 
also hydrolysed the ester with hydrochloric acid, but were unable 
to obtain the acid in a crystalline condition ; they, however, describe 
a crystalline anhydride, CsH,,0;, which melted at 95°. 


Ethyl cycloHexanone-8: 6-dicarboxylate, 


CO,Bt-CH<On2" OH CH: CO, Et. 

This ester is produced when sodium reacts with ethyl pentane- 
ade-tricarboxylate under the following conditions. 

In a flask fitted with a ground-in condenser tube, sodium (4°7 
grams) is melted under boiling toluene, vigorously shaken, and, 
when cold, the toluene is decanted from the ‘ molecular sodium,” 
the latter washed with benzene, mixed with 150 c.c. of dry benzene, 
and then ethyl pentane ade-tricarboxylate (30 grams) added, and 
the whole heated on the water-bath for three hours. The brown 
product is mixed with ether (400 c.c.) and excess of dilute hydro- 
chloric acid, the ether-benzene solution well washed, dried, and 
the ether and benzene distilled off. The brown oil which remained 
was twice fractionated, when a good yield of a colourless oil was 
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obtained which distilled at 175—180°/20 mm., but apparently with 
slight decomposition, since the. analytical results agreed only 
approximately with the theoretical: 

0°1655 gave 0°3524 CO, and 0°1201 H,O. C=581; H=8'1. 

071096 ,, 0°2335 CO, ,, 0°0782 H,O. C=581; H=7°9. 

Cy.H,,0; requires C=59°5; H=7'5 per cent. 

Ethyl cyclohexanone-3: 6-dicarbozylate has an odour somewhat 
resembling that of ethyl acetoacetate, and gives in alcoholic solu- 
tion a purple coloration on the addition of ferric chloride. 


Synthesis of cycloHexanone-3-carborylic Acid, 


CH,-CH 
CH<co>cH 


2>CH-00,H. 

As explained on p. 2011, this acid is produced when ethyl eyclo- 
hexanone-3 : 6-dicarboxylate is hydrolysed with hydrochloric acid. 

The crude ester is boiled in a reflux apparatus with a considerable 
quantity of 2 per cent. hydrochloric acid for about three days, and 
until a small quantity, after extraction with ether, gives no colora- 
tion with ferric chloride. The clear solution is saturated with 
ammonium sulphate, extracted many times with ether, the ethereal 
solution dried, evaporated, and the crude dark brown ketonic acid 
(20 grams) converted into the ester by leaving it in contact with 
alcoholic hydrogen chloride (75 c.c. of a 2 per cent. solution) at 
the ordinary temperature. After three or four days, the bulk of 
the alcohol is removed by distillation under diminished pressure, 
the residue mixed with water, extracted with ether, the ethereal 
sclution well washed, dried, and evaporated, and the ester purified 
by distillation, when almost the whole quantity passes over at 
135—137°/20 mm. (compare Perkin and Tattersall, Trans., 1907, 
91, 491): 

0°1086 gave 0°2565 CO, and 0°0842 H,O. C=64:1; H=8°6. 

071019 ,, 0°2372CO, ,, 00795 H,O. C=63°0; H=8°5. 

C,H,,0,: requires C=63°5; H=8'2 per cent. 

This ethyl cyclohexanone-3-carboxylate was digested with 50 c.c. 
of a 2°5 per cent. solution of hydrochloric acid until a clear solution 
resulted, ammonium sulphate was then added, and the whole very 
thoroughly extracted with ether. The ethereal extract, after 
drying and evaporating, yielded a viscid syrup, which distilled 
at 195—197°/20 mm., and the distillate gradually crystallised. 

In contact with porous porcelain, traces of oily impurity were 
rapidly removed, and the residue separated from benzene in small, 
glistening prisms, which melted at 73—75°, whereas the melting 
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point of cyclohexanone-3-carboxylic acid is stated by Perkin and 
Tattersall (Joc. cit., p. 492) to be 75—76°: 
0°1392 gave 0°3001 CO, and 0°0864 H,O. C=588; H=6°9. 
C,H,,03, requires C=59°1; H=7'0 per cent. 

The semicarbazone.—When an aqueous solution of the acid was 
mixed with semicarbazide hydrochloride and sodium acetate there 
was no immediate precipitation of the semicarbazone, but, on long 
standing, this derivative separated as a sandy powder, which, after 
crystallisation from methyl alcohol, melted and decomposed at 
183—184° : 

0°0699 gave 12°7 c.c. N, at 14° and 767 mm. N=21°6. 

C,H,,0,N; requires N=21°2 per cent. 

The properties of the ketonic acid are therefore exactly those 
of cyclohexanone-3-carboxylic acid described by Perkin and 
Tattersall (loc. cit.), and the identity of the specimens, prepared in 
such different ways, was confirmed by the fact that, when intimately 
mixed, there was no alteration in melting point. 


Ethyl cycloPentanone-2-carboxylate, 
CH,°CH, 
| - 
CAs<co—bH-00, Et: 


This ester was first prepared by Dieckmann (Ber., 1894, 27, 
103) by the action of sodium on ethyl adipate and a little alcohol 
at 120°, but, as the result of several experiments, we have found 
that the reaction is best carried out under the following conditions. 

Sodium (11°5 grams) is melted under boiling toluene and 
vigorously shaken, the whole is then allowed to cool, the toluene 
decanted from the “ molecular” sodium, and then a solution of 
ethyl adipate (50 grams) in dry benzene (100 c.c.) is added, and 
the whole heated on the water-bath in a reflux apparatus for two 
hours. The product is mixed with ether, decomposed with ice 
and dilute hydrochloric acid, the ether-benzene solution washed, 
dried, and evaporated, and the residual oil fractionated under 
diminished pressure, when almost the whole quantity distils con- 
stantly at 132°/30 mm. The distillate, which was obtained in a 
yield of 27 grams, gave a blue coloration when ferric chloride was 
added to its alcoholic solution: 

0°1302 gave 0°2924 CO, and 0°0913 H,O. C=61:3; H=7°8. 

C,H,,0, requires C=61°5; H=7°7 per cent. 

Wislicenus and Schwanhiauser (Annalen, 1897, 297, 112) state 
that ethyl cyclopentanone-2-carboxylate distils at 120°/22 mm. 
When this ester (25 grams) was added to a solution of magnesium 
methyl iodide (containing 7°7 grams of magnesium) a vigorous 
6 R 2 
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action took place, and the yellow magnesium derivative, which first 
separated, soon became colourless. The product, isolated in the 
usual manner, and hydrolysed with alcoholic potassium hydroxide, 
yielded adipic acid, and there was no evidence that any hydroxy- 
methyl acid had been produced. It is obvious, therefore, that ethyl 
cyclopentanone-2-carboxylate reacts with magnesium methyl] iodide 
as an enolic modification. 


Ethyl 1-Methylcyclopentan-2-one-1-carborylate, 
CH,'°CH 
CH, 2 | 2 
*<co—Cme-C0, Et: 


This ester has already been described by Bouveault (Bull. Soc. 
chim., 1899, [iii], 21, 1019), who obtained it from the sodium 
derivative of ethyl cyclopentanone-2-carboxylate by the action of 
methyl iodide, and he states that it distils at 108°/22 mm. We 
have prepared it in considerable quantities by the same process, and 
observed the somewhat higher boiling point, 120—122°/30 mm. : 

0°126 g:ve 0°2932 CO, and 0°0918 H,O. C=63'5; H=8'l. 

C,H,,0, requires C=63°5; H=8'2 per cent. 

Ethyl 1-methyleyc/opentan-2-one-l-carboxylate is a colourless oil 
with a pleasant odour; it gives no coloration with ferric chloride. 

Reduction with Sodium Amalgam.—The results obtained in our 
experiments on the reduction of the above ketonic ester with sodium 
amalgam varied very much; in some cases the reduction appeared 
to proceed normally, with the formation of 1-methyleyclopentan-2-ol- 
l-carboxylic acid, whilst, in other cases, the ketonic ester suffered 
hydrolysis with formation of methyladipic acid. On one occa- 
sion, an experiment, carried out under the following conditions, 
appeared to proceed normally. The pure ketonic ester (20 grams), 
dissolved in dilute alcohol, was treated in the cold with 1 kilo. of 
freshly prepared sodium amalgam (3 per cent.), hydrochloric acid 
being added from time to time in such a way that the solution 
was always nearly neutral. The product was acidified, saturated 
with ammonium sulphate, extracted twelve times on the machine, 
the extracts were combined, dried, evaporated, and the residue 
esterified by warming on the water-bath with alcoholic sulphuric 
acid (10 per cent.) for six hours. The ester, isolated in the usual 
manner, distilled at 158—160°/100 mm., and gave the following 
results, which agree fairly well with those required for ethyl 
1-methyleyclopentan-2-ol-1-carboxylate : 

0°1721 gave 0°3926 CO, and 0°1411 H,O. C=62°3; H=9'l. 

C,H,,0O3; requires C=62°8; H=9'3 per cent. 
When this ester was boiled for three hours with three times 
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its volume of acetic anhydride, an oil was obtained which distilled 
at 147—151°/40 mm., and yielded numbers agreeing closely with 
those required for ethyl 2-acetoxy-1-methyleyclopentane-1-carboxyl- 
ate: 

0°1731 gave 0°3907 CO, and 0°1318 H,O. C=61'5; H=8'5. 

C,,H,,0, requires C=61'7; H=8'4 per cent. 

Some of the ethyl 1-methylcycl/opentan-2-ol-l-carboxylate was 
heated with two molecular proportions of phosphorus pentachloride 
for one and a-half hours on the sand-bath, and the product poured 
into alcohol. The ester thus obtained distilled at 160—170°/40 mm., 
and, on analysis: 

0°1696 gave 0°1504 AgCl. Cl=21°9, 
whereas ethyl 2-chloro-l-methyleyc/opentane-l-carboxylate contains 
18°3 per cent. of chlorine. This chloro-ester proved to be remark- 
ably stable, since it was scarcely attacked by boiling with diethyl- 
aniline, and, as all our other attempts to eliminate hydrogen 
chloride and to obtain the corresponding unsaturated ester were 
unavailing, the subject was not further investigated, 


THE UNIVERSITY, 
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CCXXL—The Acyl-bornylamines. Part I. Fatty 
Bornylanides. 


By Percy FarapAy FRANKLAND and Frep Barrow. 


In order to determine the effect of substitution on the rotatory 
power of optically active compounds, attention has already been 
directed by one of us to an examination of active amides and their 
substitution products (Frankland, Wharton, and Aston, Trans., 
1901, 79, 266; Frankland and Slator, ibid., 1903, 83, 1349; Frank- 
land and Ormerod, ibid., 1903, 88, 1342; Frankland and Done, 
ibid., 1906, 89, 1859; and Frankland and Twiss, ibid., 1906, 89, 
1852). All these investigations have had as their starting point 
the amide of an active acid (glyceric, malic, or tartaric), and the 
effect of substitution of the hydrogen of the amido-group by various 
radicles on the rotatory power has been examined. 

Amides derived from optically active amines have, however, 
received comparatively little attention. Numerous acyl derivatives 
—chiefly acetyl and benzoyl—have, indeed, been described, but very 
little systematic work has been done on the substitution of the 


2018 FRANKLAND AND BARROW: 


hydrogen of the amino-group of active amines by negative groups. 
The only amines which have been studied from this point of view 
are d- and J-menthylamines and /-fenchylamine. Of these, the 
formyl, acetyl, propionyl, and butyryl derivatives were prepared 
by Binz, and their rotations in solution examined (Zeitsch. physikal. 
Chem., 1893, 12, 723). 

With the object of studying the effect of substitution on the 
rotatory power of an active amine, we have examined the optical 
properties of some derivatives of bornylamine, formed by replacing 
the amino-hydrogen by various aliphatic and aromatic acyl groups. 

Bornylamine was first obtained by Leuckhart and Bach (Ber., 
1887, 20, 104) by heating camphor with ammonium formate, and 
subsequent hydrolysis of the resulting formobornylamide. The 
formyl, acetyl, and benzoyl derivatives were described, but no 
account of their optical behaviour was given. 

Forster (Trans., 1898, 73, 386) obtained bornylamine by the 
reduction of camphoroxime with sodium in amyl-alcoholic solution. 
He showed that the base, obtained either by heating camphor with 
ammonium formate, or by reduction of the oxime, was not a single 
chemical individual, but consisted of a mixture of two stereoisomeric 
amines having rotations of opposite sign, which can be readily 
separated by taking advantage of the difference in the solubility of 
their hydrochlorides. 

Dextrorotatory bornylamine, the hydrochloride of which is the 
less soluble, is the more easily obtained, and Forster (Trans., 1899, 
75, 934, 1149) prepared a large number of its derivatives, more 
particularly investigating the alkyl-bornylamines as well as the 
condensation products which it forms with aromatic aldehydes. 
The acyl-bornylamines examined by him are given below, together 
with their rotations in ethyl-alcoholic solution. 


Rotation in Ethyl-Alcoholic Solution (Forster). 


c. é. [a}*. [M}*. 
Formobornylamide 3°5672 20° — 42°1° — 76°2° 
Acetobornylamide 2°9260 20 42°9 83°6 
Benzobornylamide 4°0052 20 21°8 55°9 
Benzomethylbornylamide. 1°7716 24 65°5 177°5 
Benzoethylbornylamide ... 2°7612 21 65°2 185°7 
1°9 


Benzopropylbornylamide 608 14 60°4 180°5 


The present communication deals with the preparation and 


properties of the formo-, aceto-, propiono-, and n-butyro-borny]- 
amides. 


The formo- and aceto-compounds, which have previously been 
described by Forster, were prepared by heating bornylamine with 
the corresponding acid, whilst the propiono- and butyro-derivatives 
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were obtained by the interaction of bornylamine and the acid 
chloride in ethereal solution. 

The rotatory powers were, in all cases, determined in methyl and 
ethyl alcohol, as well as in pyridine and glacial acetic acid solution. 
The observations were all made at 20°, and on solutions of approxi- 
mately 5 and 10 per cent. strength. ; 

The results of the polarimetric determinations are summarised 


in the following table: 


Formo- Aceto- Propiono- n-Butyro- 
bornylamide. bornylamide. bornylamide. bornylamide. 


Pp co ~ # "a ¥ ~ 
(approx.) [a]. [M]2. [a]>”. (MPe”. [a}” [MP [a]? (M]. 


Ethyl-Alcoholic Solution. 
5 -48°17° —78°14° —43°48° -—84°79° —40°79° —85°25° ~37°73° —84°14° 


Yethyl-Alcoholic Solution. 


5 -40°88° —73°99° —41°93° —81°76° —38°68° -—80°84° -—35°73° —79°65° 
10 41°01 74°23 42°10 82°10 39°48 82°51 35°86 79°97 


Glacial Acetic Acid Solution. 


5 -—18°80° —24°99° —34°80° -—67°85° —37°19° -—77°72° -—34°89° -77°80° 
10 15°30 27°69 36°14 70°47 37°54 78°46 35°29 78°70 


Pyridine Solution. 


5 -16°96° >30°70° -11°97° —23°32° -—14°64° -—30°60° -12°57° -28-03° 
10 18°60 33°67 15°14 29°52 16°38 34°23 15 06 33°58 


The relationship existing between the molecular rotations of the 
various members of the series is more readily seen from the accom- 
panying diagram. It will be observed that the rotatory powers of 
the aliphatic acyl-bornylamides, which we have investigated, depend 
to a very great extent on the nature of the solvent in which they 
are examined. These substances show the greatest rotatory power 
in ethyl-alcoholic solution, and, with the exception of the formo- 
derivative, the smallest in pyridine. The alteration, however, in the 
rotatory power of these acyl-bornylamines, caused by the change in 
the nature of the solvent, varies considerably with each member of 
the series. In methyl alcohol, ethyl alcohol, and glacial acetic acid 
solution, the activity of the formo-derivative shows by far the 
greatest variation, the value of the molecular rotation falling from 
—78°14° in ethyl-alcoholic solution to —24°99° in glacial acetic acid 
—a difference of 53°15°; in the case of the butyro-compound, on 
the other hand, the alteration in the rotatory power in the same 
solvents is smaller than that observed with the other members of 
the series, the molecular rotation falling from-84'14° in ethyl 
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alcohol to —77°80° in glacial acetic acid solution—a difference of 
only 6°34°. 

Thus the variation in the rotatory power brought about by change 
in the nature of the solvent becomes less and less marked as the 
series is ascended. This gradual diminution in the effect of the 
solvent is very clearly shown in the diagram by the convergence of 
_ the curves marked ethyl alcohol, methyl alcohol, and acetic acid, as 
we pass from the lowest to the higher members of the series. 

It may also be pointed out that all these aliphatic acyl-borny]l- 
amines have a greater rotation in ethyl alcohol than in methyl 


Molecular rotation of the aliphatic bornylamines in pyridine, ethyl and methyl alcohol, 
and acetic acid solution. 


ad 


— 20° ‘ — 20° 
Formyl. Acetyl. Propionyl. Butyryl. 


alcohol, and again a greater rotation in methyl alcohol than in 
glacial acetic acid solution, whilst the rotation in pyridine is, 
excepting in the case of formobornylamide, less than in any of the 
other solvents. The rotatory power of these substances in the 
different solvents is also influenced by the concentration, but the 
variation thus produced is very small, excepting in the case of 
pyridine. In all cases, however, increase in concentration is 
attended by increased rotatory power. 

It is particularly noteworthy that in this series of the aliphatic 
acyl-bornylamines the maximum molecular rotation does not 
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uniformly fall on the same term of the series, but its position varies © 
according to the solvent employed. Thus in both methyl- and 
ethyl-alcoholic solutions the maximum occurs on the second term; 
in glacial acetic acid solution, on the other hand, the rapid increase 
in the rotatory power shown between formo- and aceto-bornylamide 
is maintained up to the propiono-derivative, which does not 
materially differ in rotatory power from the butyro-compound, and 
thus represents the maximum. 

Turning now to the rotatory powers in pyridine solution, it will 
be observed that these show much less regularity than those in the 
other solvents. Instead of rising continuously to a maximum and 
then gradually diminishing or remaining constant, as in the case of 
the alcoholic and glacial acetic acid solutions, the molecular 
rotations in pyridine solution show an alternation of high and low 
values. This irregular behaviour of the aliphatic acyl-bornylamines 
in pyridine is undoubtedly to be referred to an irregularity in the 
influence of the solvent on the first member of the series. It has 
already been pointed out that the aceto-, propiono-, and n-butyro- 
bornylamides have a greater rotatory power in methyl-alcoholic 
than in glacial acetic acid solution, and, again, a greater rotatory 
power in acetic acid than in pyridine. Moreover, the same 
regularity has been observed in the rotatory powers of the seven 
aromatic acyl-bornylamines described in the following communi- 
cation. With the formyl derivative, however, this is no longer the 
case, the molecular rotation in pyridine solution being greater than 
that in glacial acetic acid solution. Owing to some disturbing 
influence of the solvent, the rotatory power of the first member in 
pyridine solution is thus much higher than was to be anticipated 
from a consideration of the behaviour of the other members. It 
may, however, be pointed out that if the first term of the series 
be neglected, then the molecular rotatory powers of the succeeding 
aliphatic acyl-bornylamines in pyridine solution show the same 
behaviour as in the other solvents, in that they attain a limiting 
value at the acetyl or propionyl term. 

As regards the influence of substitution on the rotatory power 
of bornylamine, it is observed that the acyl group exerts a marked 
levorotatory effect. The dependence of the rotatory power on the 
qualitative nature of the substituting group is shown in the follow- 
ing table, in which the rotatory powers of the corresponding alkyl- 
and acyl-bornylamines in ethyl-alcoholic solution are contrasted: 
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Rotations in Ethyl-Alcoholic Solution. 
Bornylamine : p= 5-006, [M]3” + 72°51°. 


Acyl- | Alkyl- 
bornylamines. p. #. [M],. | bornylamines. t ; e. [M]p. 
20° -78°14° | Methyl 23° +135°3° 
20 84°79 | Ethyl 136°4 
20 85°25 | n-Propyl ‘ 140°4 
- = - : 123°4 
50021 20 84°14 - 9932 135°4 
4°9940 20 58°93 | zy. ’ 2° 184°0 
o-Nitrobenzo-* 4°9799 20 67°62 | o-Nitrobeuzyl 2°0272 y 176°2 
m-Nitrobenzo-* 2°6399 20 84°29 — — — 
p-Nitrobenzo-* 4°2770 20 50°58 | p-Nitrobenzyl 2°0148 191°8 
o-Toluo-* ... 5°0002 20 51°60 —- — 
m-Toluo-* ... 5°0073 20 60°70 | -— -- 
p-Toluo-* 50187 20 39°43 | 


* See following communication. + Forster, Trans., 1899, 75, 934. 


Introduction of a positive radicle increases the dextrorotation of 
bornylamine, whereas the corresponding acyl group exerts such a 
marked levorotatory effect that its introduction is in all cases 
attended by a complete change in the sign of the rotation. 


EXPERIMENTAL. 


The bornylamine used in these experiments was prepared by 
reducing camphoroxime with sodium in amyl-alcoholic solution ; the 
hydrochlorides of the mixed amines so produced were recrystallised 
from water until of constant rotatory power. 

The following polarimetric values were obtained for the hydro- 
chloride and free amine in two different preparations: 


Rotatory Power of Bornylamine Hydrochloride. 


p. d 20°/4°. lin mm. a”, [a]. [M]. 


D 


Ethyl-Alcoholie Solution. 
4°868 0°8032 299°3 +2°66° + 22°73° +42°85° 
5°213 0°8034 299°3 2°84 22°66 42°73 
Rotatory Power of Bornylamine. 
Ethyl-Alcoholic Solution. 
Prep. I 5°0557 0°7949 299°3 +5°68° + 47°22° +72°22° 
+. 50060 0°7972 299°3 5°66 47°39 72°51 


The value given above for the rotatory power of the amine is 
rather higher than that found by Forster, namely, [a] +45°5° 
c= 40496, 


° 
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Formobornylamide. 


This compound was prepared in the manner given by Forster, by 
heating bornylamine with several times its weight of anhydrous 
formic acid for some hours, and purified by crystallising from dilute 
alcohol until it possessed a constant rotatory power. 

It forms lustrous, flat plates, which possess no definite melting 
point, but begin to soften at 83°, and are not completely melted 
until 91°. It is readily soluble in alcohol, pyridine, glacial acetic 
acid, or benzene: 


0°1592 gave 10°7 c.c. N, (moist) at 13°5° and 750mm. N=7°'80. 
C,,H,,ON requires N=7'73 per cent. 


Rotatory Power of Formobornylamde. 


p. d 20°/4°. Zin mm. a, [a]. [M]™. 
Ethyl-Alcoholic Solution. 

5°3155 0°8003 199°84 — 3°67° — 43°17° —78°14° 

4°9984 0°8001 199°84 3°45 43°17 78°14 


Methyl-Alcoholic Solution, 
4'9747 0°8046 389°9 — 6°38° — 40°88° —73°99° 
9°9845 0°8127 199°84 6°65 41°01 74°23 
Glacial Acetic Acid Solution. 


5°5607 1°0496 199°84 -1°61° — 13°80° — 24°99° 
9°6903 1°0499 199°84 311 15°30 27°69 


Pyridine Solution. 


5°0156 0°9800 389°9 — 3°25° — 16°96° — 30°70° 
10°0200 0°9829 199°84 3°66 18°60 33°67 


The value found by us for the rotation in ethyl-alcoholic solu- 
tion is slightly greater than that found by Forster, namely, 
[a]p — 42°1°, e= 35672. 

The formobornylamide employed in the above polarimetric deter- 
minations melted indefinitely at 83—-91°; Forster gives the melting 
point of this compound as 93°. It was therefore considered 
advisable to repeat the p-eparation, but we have only been able to 
confirm our earlier result. The details of the experiment are given 
below. Eight grams of bornylamine were dissolved in 50 grams 
of anhydrous formic acid, and the mixture heated to boiling 
for nine hours. The formobornylamide (7°5 grams) was precipitated 
by pouring into water and crystallised from dilute alcohol, melting 
point 82—92°. On crystallising a second time from the same 
solvent, the compound melted at 81—91°, and gave the following 
polarimetric values in methyl-alcoholic solution : 
p=10-066, d 20°/4°=0°8191, 7=199°84 mm., aj’ — 6°72°, [a]i” — 40°79°. 
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The product was again recrystallised from dilute alcohol. It again 
melted at 81—91°, and gave the following polarimetric results in 
methyl-alcoholic solution : 
p=10-001, d 20°/4°=0°8176, 7=199-84 mm., ad” — 666°, [a] — 40°76°. 

The above rotatory powers are identical and agree very closely 
with those already given for the first preparation. Further crystal- 
lisation from alcohol or light petroleum produced no change in the 
melting point. The bornylamine used in these preparations had a 
specific rotation of +47°357° in ethyl-alcoholic solution—a value 
rather higher than that given by Forster. The indefinite melting 
point observed by us for the formo-derivative cannot, therefore, be 
referred to admixture of formoneobornylamide, for the presence of 
the neo-base in the original amine would have diminished the dextro- 
rotation. 

Acetobornylamide. 


This was also prepared in the same manner as that described by 
Forster, namely, by boiling bornylamine with several times its 
weight of glacial acetic acid, to which a few drops of acetic 
anhydride had been added. The mixture was poured into water, 
and the acetobornylamide, separating out, recrystallised from a 
mixture of benzene and light petroleum. It is thus obtained in 
small, flat plates, melting at 145°5°, readily soluble in alcohol, 


ethyl acetate, benzene, or acetone, but only sparingly so in light 
petroleum : 
0°1997 gave 15°2 c.c. N, (moist) at 11° and 7625 mm. N=7°26. 
C,.H,,ON requires N=7'18 per cent. 


Rotatory Power of Acetobornylamide. 


d 20°/4°. Zin mm. am. [a]. (Mj. 


Ethyl-Alcoholic Solution. 
199°84 — 3°43° — 43°48° — 84°79° 


Methyl-Alcoholic Solution, 
0°8055 199°84 — 3°38° — 41°93° — 81°76° 
0°8150 199°84 6°92 42°10 82°10 
Glacial Acetic Acid Solution. 
1:049 199°84 — 3°63° — 34°93° — 68°11° 
1°049 199°84 3°64 34°65 67°58 
1°048 99°9 3°79 36°14 70°47 
Pyridine Solution. 


0°9790 389°9 — 2°24° 
0°9800 199°84 2°97 
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The value obtained by us for the rotation of acetobornylamide 
in ethyl-alcoholic solution agrees very closely with that given by 
Forster, namely, [a]}" — 42°9°, ¢ = 29260. 


Propionobornylaimnide. 


Twelve grams of bornylamine were dissolved in 100 c.c. of ether, 
and an ethereal solution of propionyl chloride slowly run in. A 
dilute solution of sodium hydroxide in water was then added, and 
the mixture well shaken in order to decompose the bornylamine 
hydrochloride, which separated out. Addition of propionyl chloride 
was then continued until about one and a-half times the calculated 
amount had been added. On evaporating the ethereal solution, a 
colourless oil was left behind, and this quickly solidified to a white, 
crystalline mass. The propionobornylamide was purified by dis- 
solving in acetone, adding water until a permanent turbidity was 
almost produced, and then allowing the acetone partly to evaporate 
at the ordinary temperature. It is thus obtained in small, flat, 
colourless needles, which begin to soften at 110° and melt at 117°. 
It is readily soluble in benzene, light petroleum, chloroform, acetone, 
or alcohol, and separates from hot solvents in the form of an oil: 


0°2104 gave 12°4 c.c. N, (moist) at 13° and 745°6mm. N=6°82. 
C,3;H,,0N requires N=6°70 per cent. 


Rotatory Power of Propionobornylamide. 


d 20°/4°. Zin mm. a2, [op Ep”, 


Ethyl-Alcoholic Solution. 
50047 0°7983 389°9 — 630° —40°44° 
5°0013 0°7982 389°9 6°35 40°79 
(recryst. ) 
Methyl-Alcoholic Solution, 
5°0055 0°8028 389°9 — 606° ~— 38°68° 
9°9974 0°8113 199°84 6°40 39°48 
Glacial Acetic Acid Solution. 
5°0249 047 389°9 —7°63° — 37°19° 
10°0087 045 199°84 7°85 37°54 
Pyridine Solution. 
389°9 —2°79° —14°64° 
199°84 3°20 16°38 


n-Butyrobornylamide. 


This was prepared by the interaction of m-butyryl chloride and 
bornylamine in ethereal solution in a similar manner to that 
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described for the propiono-compound. On evaporation of the ether, 
butyrobornylamide was obtained as a viscid, colourless oil, which 
quickly solidified on cooling. It was finely powdered and shaken 
with dilute sodium carbonate for about three hours in order 
to remove butyric acid and chloride. On crystallisation from 
acetone, butyrobornylamide was obtained in small plates, melting 
at 97°. It is readily soluble in alcohol, chloroform, ethyl acetate, 
or pyridine, and less so in benzene: 

0°2587 gave 13°75 c.c. N, (moist) at 12° and 766-9mm. N=6°'36. 

C,,H,;ON requires N=6°28 per cent. 


Rotatory Power of n-Butyrobornylamide. 
d 20°/4°. Zin mm. a”. [a]. [M}. 


Ethyl-Alcoholic Solution. 

0°7980 199°84 — 289° — 37°81° — 84°31° 
0°7980 199°84 3°01 37°73 84°14 

Methyl-Alcoholic Solution, 
0°8047 199°84 — 2°86° — 35°73° 
0°8131 199°84 5°83 35°86 

Glacial Acetic Acid Solution, 
1°048 199°84 —3°68° — 34°89° —77°80° 
1°044 199°84 7°38 35°29 78°70 
Pyridine Solution. 


389°9 


4°921 0°9783 
0°9796 199°84 2°95 
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CCXXII.—The Acyl-bornylamines. Part II. Aromatic 
Bornylamides. 


By Percy Farapay FRANKLAND and Frep Barrow. 


In the foregoing communication the optical activity of some 
derivatives of bornylamine formed by the substitution of the aminic 
hydrogen atom by aliphatic acyl groups has been described. In 
the present communication we have confined our attention to the 
aromatic acyl derivatives, having prepared and examined the 
rotations of the benzo-, the three toluo-, and the three nitrobenzo- 
bornylamides, firstly as a contribution to the study of the relation- 
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ship between position-isomerism and optical activity, and secondly 
with the object of comparing the rotatory effect of the methyl and 
nitro-groups when substituted in the ortho-, meta-, and para- 
positions of the benzene ring. 

Of these derivatives, only benzobornylamide has been previously 
prepared (Forster, Trans., 1898, 73, 393). The aromatic bornyl- 
amides described in the present paper were all prepared by the 
interaction of ethereal solutions of the acid chloride and bornyl- 
amine in the presence of an aqueous solution of potassium 
hydroxide. 

The rotatory powers were determined in the same solvents as 
those employed in the case of the aliphatic bornylamides, namely, 
ethyl alcohol, methyl alcohol, pyridine, and glacial acetic acid. 
The rotatory power of the isomeric nitrobenzobornylamides in the 
last three solvents was investigated at various temperatures, ranging 
from 20° to about 45°, but in the case of the benzo- and toluo- 
bornylamides the rotations at only one temperature, namely, 20°, 
were observed. Determinations of the molecular solution volumes 
of the nitrobenzobornylamides in the same solvents have also been 
made. 

The more important values obtained for these compounds are 


given below: 


o-Nitrobenzobornylamide. 


Solvent. p. [a]. [M}?”. Mol. sol. vol. 

Ethyl alcohol ............ 4°9799 - 22°39° — 67 °62° os 
Methy] alcohol ......... 5°0654 30°32 91°57 246°1 c.c. 
Glacial acetic acid ...... 3°9454 13°54 40°89 250°0 .. 
FB PIURIID co cociessanscacssa 5°0011 5°88 17°76 250°4 ,, 
pasandeaidevnscand 10°0870 7°67 23°16 255°0 ,, 


m-Nitrobenzobornylamide. 


Solvent. p. [a]. [M}?”. Mol. sol. vol. 
Ethyl alcohol ............ 2°6399 ~ 27°91° — 84°29° — 
Methyl alcohol ......... 1°9190 — 24°62 — 74°35 241°0 c.c. 
Glacial acetic acid ...... 3°8987 — 12°16 — 36°72 251°0 ,. 
FE scasctaonveniearee 50079 + 27°22 + 82°20 250°5 ,, 
pieces nena tata 9°9862 + 22°16 + 66°92 252°5 4, 


p-Nitrobenzobornylamide. 


Solvent. p. [a}. [M}". Mol. sol. vol. 
Ethyl alcohol ............ 4:2770 —16°75° — 50°58° _ 
Methyl alcohol ...... .. 50035 —13°44 — 40°59 247°5 c.c. 
Glacial: acetic acid ...... 3°8347 — 7°28 — 21°98 oha°3 .. 
a ee 4°7106 + 26°41 +79°76 250°1 ,, 


9°9493 + 22°80 + 68°86 252°1 


>? 
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Toluobornylamides. 


Benzobornylamide. 


(Mp. 


A 
- ™ 


Pp p - 5g 

Solvent. (approx.). [M]?”. (approx.). Ortho-. Meta-. Para-. 
Ethyl alcohol 5 — 58°93° —50°24° -57°75° -36°23° 
10 — 62°63 ~ 51°60 — 60°70 — 39°43 

Methyl alcohol . 5 — 57°44 - 46°12 — 55°20 — 33°01 
— 59°88 — 46°10 — 58°54 — 33°90 
Glacial acetic acid f — 26°14 — 28°13 — 22°09 -1°33 
— 29°94 — 30°73 — 24°34 — 4°09 
+ 66°67 +380°38 +72°90 + 82°93 

+59°06 +27°75 + 62°45 + 74°23 


—s 
Ono or WD OVD 
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It will be observed that the rotatory power of the bornylamides 
of these aromatic acids is influenced by the nature of the solvent 
and the concentration in a similar manner to that of the aliphatic 
bornylamides already described in the previous communication. 
It was pointed out, in dealing with the latter compounds, that they 
were of very much lower negative rotation in pyridine than in 
methyl-alcoholic solution. This is again found to be true for the 
aromatic bornylamides; but, owing to the greater effect of the 
solvent, the change from methyl alcohol to pyridine is accompanied 
in all these compounds, with the exception of o-nitrobenzobornyl- 
amide, by a complete reversal in the sign of the rotation—the 
rotatory power in the former solvent being negative, and in the 
latter positive. It will also be observed that the rotatory powers 
preserve the same order in the different solvents as in the case of 
the aliphatic bornylamides, the values in acetic acid solution lying 
between those in pyridine and methyl-alcoholic solution. 

The rotatory power of the aromatic bornylamides is affected by 
the concentration in a similar manner to the other acyl-bornyl- 
amides, the rotations becoming greater, in a negative sense, as 
the concentration increases. Bearing on this variation in the 
rotatory power with the concentration, it is worthy of note that in 
glacial acetic acid solution of concentration p=10, p-toluoborny]- 
amide has a molecular rotation of —4°09, whilst in one per cent. 
glacial acetic acid solution it is completely inactive. 

Turning to the influence of temperature on the rotation of the 
nitrobenzobornylamides, it is found that as a general rule increase 
in this factor results in a diminution of rotatory power, as may 
readily be seen from the accompanying diagram. 

It will only be necessary here to indicate the following points. 
Firstly, in pyridine solution, the rotatory powers of the three nitro- 
benzobornylamides diminish in a positive sense at about the same 
rate. This, of course, necessitates that the levorotation of the 
ortho-compound increases with rise of temperature. Secondly, the 
negative rotations in methyl-alcoholic solution also diminish as the 
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temperature increases. Thirdly, whilst the levorotation of the 
meta- and para-nitrobenzobornylamides in glacial acetic acid solu- 
tion decreases uniformly as the temperature rises, that of the 
ortho-isomeride is scarcely affected, the rotation at 16°5° being 
practically identical with the value found at 44°. 


Molecular rotation of the nitrobenzobornylamides in pyridine, methyl alcohol, and 
acetic acid solution. 


50° 


> 
Or 
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15° 


+100° +100° 
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Temperature. 


N.B.—In order to shorten the diagram the ordinates from 0° to +40° have been 
omitted. 


In several respects the o-nitrobenzo-compound is abnormal in its 
behaviour. In the first place, the rotatory powers in pyridine are 
negative, whilst those of the corresponding meta- and para- 
compounds are positive. Further, it is strongly marked off from 
the isomeric nitrobenzobornylamides in possessing a lower levo- 
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rotation in ethyl alcohol than in methyl-alcoholic solution. It also 
differs from the isomeric compounds by showing, as we have just 
seen, practically no variation of rotatory power with increase of 
temperature in glacial acetic acid solution. 

In connexion with this abnormality in the optical behaviour of 
o-nitrobenzobornylamide, it is worthy of note that, of the three 
isomerides, this has the highest melting point, and thus exhibits 
the exceptional phenomenon of an ortho-compound melting at a 
higher temperature than the corresponding para-derivative. 

The only active compounds containing the three isomeric nitro- 
benzo-groups which have up to the present been investigated are 
the nitrobenzoyl-d-carvoximes, the methyl and ethyl esters of the 
dinitrobenzoyltartaric acids, and the menthyl nitrobenzoates; and 
in these cases also, the ortho-compounds show an abnormal 
behaviour as compared with the meta- and para-isomerides. The 
rotations obtained for these compounds have been collected in the 
tables given on pp. 2033, 2034. 

From the values there given, it will be observed that, with the 
nitrobenzoyl-d-carvoximes, this abnormality of the ortho-compound 
manifests itself in the complete absence of rotatory power, although, 
from analogy to other position-isomeric active compounds, it would 
be anticipated that, in this case, the ortho-derivative should have 
the highest dextrorotation of the three. The inactivity cannot be 
explained by racemisation, since, on hydrolysis, a dextrorotatory 
and not an inactive carvoxime was obtained. The rotation of the 
o-nitrobenzoyl compound appears, however, to have been investigated 
at two concentrations, which did not differ materially from one 
another; and, just as ptoluobornylamide in glacial acetic acid 
solution at a particular concentration and temperature was found 
by us to be inactive, so the exceptional value found by Goldschmidt 
and Freund for the rotation of o-nitrobenzoyl-d-carvoxime may be 
due to its having been examined in such a solvent, and under such 
conditions of temperature and concentration that the activity of 
the compound was completely suppressed. It is, moreover, worthy 
of note that the authors mention that at the temperature of solid 
carbon dioxide the chloroform solution did exhibit a very feeble 
rotation. 

In the case of the ethyl dinitrobenzoyltartrates (P. F. Frankland 
and Harger, Trans., 1904, 85, 1571), the rotation of the ortho- 
compound has such a very large temperature-coefficient that, at high 
temperatures, it is less, and at low temperatures greater, than the 
rotation of its isomerides, and the same appears to be also the case 
for the methyl ester (P. F. Frankland and Harger, loc. cit.), 
concerning which, however, the data are not so complete. 


wm 
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The isomeric menthyl nitrobenzoates of Cohen and Armes (Trans., 
1905, 87, 1190) also show the ortho-compound to possess certain 
exceptional features with regard to its rotation, more especially in 
the magnitude of its temperature-coefiicient. 

It was thought that this difference in the behaviour of the ortho- 
compound might be due to its possessing a different constitution 
from the meta- and para-compounds, and, with the view of testing 
this supposition, we made a large number of observations on 
the refractive power of the nitrobenzobornylamides in solution, 
which, however, failed to throw any light on this point. The 
molecular refraction of these compounds varies with the solvent 
in very much the same manner for each, ortho-nitrobenzobornyl- 
amide showing no marked difference from the meta- and 
para-isomerides. 

It has been pointed out from theoretical considerations 
(Frankland and Wharton, Trans., 1896, 69, 1309, 1583) that, in 
the case of isomeric di-substituted benzene rings, the para-isomeride 
should exert the greatest influence on the rotation, and the ortho- 
the least, whilst the influence of the meta-isomeride should be inter- 
mediate between that exerted by the ortho- and para-compounds 
respectively ; it has, however, also been shown that the methyl and 
ethyl dinitrobenzoyltartrates (P. F. Frankland and Harger, loc. cit.) 
give exceptional values for the ortho-compound, and similar excep- 
tional results have been obtained in the case of the nitrobenzoy]l- 
d-carvoximes (Goldschmidt and Freund, Joc. cit.), the S-methyl- 
adipotoluidides (Rawitzer, Thesis, Ziirich, 1896, 25; Guye, Bull. 
Soc. chim., 1896, [iii], 15, 1158), and more recently in that of the 
hydroxy- and methoxy-benzylidenecamphors (Haller, Comnt. rend., 
1891, 118, 22; Haller and Miller, ibid., 1899, 128, 1370; Haller 
and Bauer, zbid., 1909, 148, 1490). 

The observations which we have made on the rotatory powers of 
the nitrobenzo- and toluo-bornylamides do not, however,. support 
the general rule. It will be seen, on reference to the tables given 
on pp. 2036 and 2042, that the relationship between the rotatory 
effects of position-isomeric groups depends to a very great extent 
on the solvent in which the compounds are examined. 

Of the isomeric nitrobenzobornylamides, the ortho-compound has 
in all solvents a greater levorotation than the para-isomeride, but 
m-nitrobenzobornylamide occupies every possible position with 
respect to the isomeric compounds. Thus, in methyl and glacial 
acetic acid solutions, as well as in pyridine solution of concentration 
p=10, the rotations of the nitrobenzobornylamides exhibit the usual 
order, namely, ortho, meta, para; in ethyl-alcoholic solution, the 
order of the rotatory effects is meta, ortho, para; whilst in pyridine 
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solution of concentration »=5, the rotations show the order, ortho, 
para, meta. 

The rotatory effects of the toluoyl groups are, on the whole, not 
so erratic as those of the nitrobenzoyl groups. In both glacial 
acetic acid and pyridine solutions, the rotations of the toluobornyl- 
amides stand in the order predicted from theoretical considerations, 
but in methyl- and ethyl-alcoholic solutions the rotatory power 
of the ortho-isomeride is intermediate between those of the meta- 
and para-compounds respectively. 

The molecular rotations of the nitrobenzo- and _ toluo-bornyl- 
amides enable us to compare the rotatory effect of the methyl and 
nitro-groups when substituted in the ortho-, meta-, and para- 
positions of the benzene ring respectively. The comparison is, 
however, rendered difficult owing to the large variations in the 
rotations induced by solvents. 

Introduction of the nitro-group in the para-position of the 
benzene ring exerts, in all solvents, a dextrorotatory influence on the 
rotation of benzobornylamide ; a similar but more pronounced effect 
is also produced by the para-methyl group. Substitution with the 
nitro-group in the ortho-position exerts a levorotatory influence in 
all solvents employed, and the same is also true in the case of the 
methyl group in acetic acid and pyridine solutions; in methyl- and 
ethyl-aicoholic solutions, on the other hand, the introduction of the 
methyl group in the ortho-position is accompanied by a dextro- 
rotatory influence. 

In the meta-position, introduction of the methyl group produces 
comparatively little influence on the rotation of benzobornylamide, 
whereas the nitro-group in the same position exerts, in all solvents 
with the exception of pyridine, a marked levorotatory influence. 

The influence of the methyl and nitro-groups on the rotation 
of benzobornylamide may be readily compared by means of the 
following table, in which their rotatory effects in the various 
positions of the benzene ring are contrasted : 


Influence of Methyl and Nitro-growps on the Molecular Rotation, 
[M]3, of Benzobornylamide. 
Ortho-. Meta-. Para-. 

| eae A ER, ee, 

Solvent. CH. NO,. CH. NO,. CH;. NO,. 
Ethyl alcohol +7°3° —87° —-1°8° -25°4° +19°5° +8°3° 
Methylalcohol ... +11°3 — 34°1 -1°1 -—16°9 +23°5 +16°8 
Glacial acetic acid -2°0 —14°7 +4°0 -105 +24°8 +4°2 
Pyridine, p=5 ... -36°3 — 84°4 +6°2 +15°6 +16°3 +13°1 
99 p=10... -—31°3 — 82°2 +2°9 +7°9 +15'2 +9°8 
In connexion with the rotatory effect of the methyl and nitro- 
groups, the above results may be compared with those obtained in 
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other series by means of the tables given below, in which the data 
so far available for effecting a comparison of the rotatory influences 
of the two groups in all three positions of the benzene ring have 
been collected : 


Acyl-d-carvoximes.* 


Rotation in Chloroform Solution. 


Dp. v. " * (ie 
o-Nitrobenzoyl 4°7044 20°0° ‘ Benzoyl . 18°5 +71°66° 
RS 4°5575_—sé,, o-Toluoyl ‘1s 15°5 +76°64 
m-Nitrobenzoyl 4°5845 23°5 +64°94  m-Toluoyl . 15°5 +76°01 
p-Nitrobenzoyl] 4°5648 22°5 +54:42 p-Toluoyl 5 15°5 +66°34 


* Goldschmidt and Freund (Zeitsch. physikal. Chem., 1894, 14, 394). 


Diethyldiacyltartrates. 
[M]}s. 


Ethyl Ethyl dinitrobenzoyltartrates.| Ethyl ditéluoyltartrates.t 
A, A 


dibenzoy]- rc ~ r ~ 
t. —_‘ tartrate.* Ortho. Meta. Para. Ortho. Meta. Para, 


20° — 247°0° —651°2° -357°3° -638°9° -266°8° -306°0° — 
100 251°6 315°8 324°3 490°0 241°9 381°7 -3897°7° 
135 235°5 214°9 298°4 430°8 222°6 281°7 362°0 
180 215°0 117°3 248 ‘5 340°1 — — 311°0 


* Frankland and Wharton, Trans., 1896, 69, 1583. 
+ Frankland and Harger, Trans., 1904, 85, 1571. 
t+ Frankland and Wharton, Trans., 1896, 69, 1309. 


+S ERAT AE SEINE AE tet tl retell 


Dimethyldiac yltartrates, 


[M]s. 


Methyl - Methyl dinitrobenzoyltartrates.+ Methyl ditoluoyltartrates.t 
poi, A 


dibenzoyl- - ~ Ff ~ 
&. tartrate.* Ortho. Meta. Para. Ortho. Meta. Para, 


20° - — $791" -— oo om -” 
100 —280°1° [-466°3°]§ 329°5 -512°0° 282°3 -327°1° -—425°7° 
135 259°2 429°9 r 296°4 444°3 255°0 293°1 378°9 
t=109° 
180 225°5 —_ 253°5 363 °4 220°8 254°9 322°2 

* Frankland and Wharton, Joc. cit. + Frankland and Harger, Joc. cit. 

} Frankland and Wharton, Joc. cit. 

§ The values enclosed in brackets are only approximate, for no density deter- 
minations of dimethyl di-o-nitrobenzoyltartrate were made, the corresponding 
densities of the meta-compound having been used for the approximate calculation of 
the molecular rotation. 


bh Sy ee ee ES, 
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Menthyl Esters. 
Menthy] nitrobenzoates, [M]°.* 


e. “Ortho. Meta. Para. Menthyl- 
100° -870°0° -—250°3° -230°0° Benzoate t 
80 380°6 253°4 232°2 o-Toiuate + 
70 379°3 252°2 233°5 m-Toluate t 
65 380°1 251°1 234°7 = p-Toluate t 
20 _— 252°2 — 
* Cohen and Armes, Trans., 1905, 87, 1190. 
+ Tschugaeff, Ber., 1898,.31, 1775. 
+t The temperature of observation was presumably 20° in each case, as the density 
is given for that temperature for the o- and m-compounds. 
§ Rotation in benzene solution, all the other values being for the liquid state. 


The comparison of the rotatory effects of the methyl and nitro- 
groups may also be instituted by means of the three tartarodi- 
toluidides and the three nitroanilides respectively. The tartaro- 
dinitroanilides have been prepared and polarimetrically examined 
by one of us in conjunction with Miss M. B. Thomas, and the 
results, a summary of which is given below, will form the subject 
of a future communication. 


Rotation in Pyridine Solution. 


D. (My. 
1-820 +737 
5°421 +740 


Tartarodianilide * { 


Tartarodi- p. (M]”, Tartarodi- 


o-Nitroanilide 2°676 +375° o-Toluidide * 
’ 375 9 

m-Nitroanilide 768 m-Toluidide * 

, 764 9 

p-Nitroanilide ‘ 1072 p-Toluidide * 
1069 ‘ 


* Frankland and Slator, Trans., 1903, 83, 1349. 


EXPERIMENTAL 
Benzobornylamide. 


Twelve grams of bornylamine hydrochloride were dissolved in 
water, and the free bornylamine precipitated by the addition of an 
excess of a dilute aqueous solution of potassium hydroxide. The 
amine was dissolved by the addition of ether, and a little more than 
the calculated amount of benzoyl chloride in ethereal solution 
slowly run in, the mixture being well agitated in order to decompose 
the bornylamine hydrochloride formed in the reaction. On 


ty 
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evaporation of the ethereal solution, benzobornylamide is left 
behind in small, colourless needles, which, on recrystallisation from 
dilute alcohol, melt at 138°5°. It is readily soluble in pyridine, 
acetic acid, or alcohol: 


0°3020 gave 14°3 c.c. Ny (moist) at 14° and 759mm. N=5'56. 
C,,H,,0N requires N=5°45 per cent. 


Rotatory Power of Benzobornylamade. 


p. d 20°/4". Jinmm. < [a]. [mM]. 


Ethyl-Alcoholic Solution. 


4°9940 0°8017 389°9 — 358° — 22°93° — 58°93° 
9°9747 0°8128 199°84 3°95 24°37 


Methyl-Alcoholic Solution. 


5°0013 0°8054 389°9 —3°51° — 22°35° — 57°44° 
10°0079 0°8177 199°84 3°81 23°30 59°88 


Glacial Acetic Acid Solution. 


50055 1°0535 389°9 — 2°09° -10°17° — 26°14° 
10°0524 1°0550 199°84 2°47 11°65 29°94 


a 


Pyridine Solution. 


50151 0°9817 389°9 + 4°98° +25°94° + 66°67° 
9°9567 0°9864 199°84 4°51 22°98 59°06 i 


The value given above for the rotatory power in ethyl-alcoholic 
solution is slightly greater than that found by Forster, namely, 
[a]p” — 21°89, c= 4:0052. 


o-Nitrobenzobornylamide. 


This was prepared from 12 grams of bornylamine and the 
theoretical amount of o-nitrobenzoyl chloride in ethereal solution 
(150—200 c.c.), in a similar manner to that employed in the case 
of the benzo-derivative. After some time, the greater part of the 
amide crystallises out, whilst from the ethereal solution the remain- 
der is obtained on evaporation. It was recrystallised from dilute 
alcohol until of constant rotatory power : 

0°1459 gave 12°0 c.c. N, (moist) at 13°0° and 7375 mm. N=9°41. 

C,,H.0,N, requires N=9°27 per cent. 
o-Nitrobenzobornylamide crystallises in colourless, prismatic 


needles, melting at 173°. It is readily soluble.in pyridine or 
chloroform, moderately so in alcohol, and less soluble in ether. 
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Rotatory Power of 0o-Nitrobenzobornylamide. 


Ethyl-Alcoholic Solution. 
Density _ 
p. 20°/4°. 7=389°9 mm. [a]. 
4°9799 0°8049 —3°50° — 22°39° 


Methyl-Alcoholic Solution, p=5°0654. 


Density a, 

Temperature. 0°/4°. 1=389°9 mm. [a}®. 
20°0° 0°8067 — 4°83° — 30°32° 
26°0 0°8012 ‘70 29°70 
31°0 0°7965 3!) 29°18 
37°5 0°7903 4°47 28°64 
45°0 0°7831 31 27°87 


Densities determined: 


° 


Temperature ...... ........ 20° 25° 35 
Density 1°/4° ........ 2...  0°8067 08020 0°7928 


Glacial Acetic Acid Solution, p=3°9454. 
Density at 
Temperature, t°/4°. 1=389°9 mm. [a}®. 
16°5° 170598 — 2°24° -—13°74° 
20°0 1°0565 2°20 13°54 
29°0 1°0466 2°18 13°54 
44°0 1°0300 2°14 13°51 


Densities determined : 
Temperature 25° 
Density ¢°/4° 05 1°0511 


Pyridine Solution, p=5°0011. 


Density at 
Temperature. t°/4°. 1=389°9 mm. [a]*. 
20°0° 0°9860 —1°13° — 5°88° 
25°0 0°9810 1°24 6°48 
30°0 0°9760 1°35 7°09 
38°5 0°9678 1°60 8°48 
45°5 0°9608 1°78 9°50 


Densities determined : 


Temperature 25° 35° 
Density @°/4° — ........0... 09860 0°9810 0°9713 
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Pyridine Solution, p=10°087. 


Density a’ 

Temperature. t°/4°. 1=389°9 mm. [a]. [M]¢. 
20:0° 0°9949 — 3:00° —7°67° — 23°16° 
25°5 0°9896 3°22 8°27 24°97 
32°0 0°9836 3°45 8°92 26°94 
39°0 0°9766 3°62 9°43 28°48 
45°0 0:9707 3°78 9°90 29°90 

Densities determined: 


Temperature 25° 35° 45° 
Density ¢°/4° 0°9949 0°9901 0°9806 0°9707 


m-Nitrobenzobornylamide. 


The preparation of this compound was accomplished by the 
interaction of bornylamine (12 grams) and the theoretical amount 
of m-nitrobenzoyl chloride in ethereal solution (150 c.c.), in exactly 
the same way as that described for the benzo-compound. The 
greater portion of the amide crystallised out from the ethereal 
solution after some time. Purification was effected by recrystal- 
lisation from dilute alcohol: 

0°1423 gave 11°6 c.c. N, (moist) at 15° and 7465 mm. N=9°36. 

C,,H,,0,N, requires N =9°27 per cent. 
m-Nitrobenzobornylamide crystallises in almost colourless needles, 
melting at 161° without decomposition. Its solubility in the 
ordinary solvents is less than that of the corresponding ortho- and 
para-compounds. 


Rotatory Power of m-Niitrobenzobornylamide. 
Ethyl-Alcoholic Solution. 


Density a2” 
20°/4°. 7=389°9 mm. [a]? 


0°7972 — 2°29° — 27°91° 


Methyl-Alcoholic Solution, p=1°9190. 
Density at 
Temperature. t°/4°. 1=389°9 mm. [a]. 
20°0° 07979 —1°47° — 24°62° 
25°0 0°7930 : 24°27 
30°5 0°7880 22°73 
Densities determined: 


Temperature ..........0066 25° 
Density ¢°/4° 0°7980 
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Glacial Acetie Acid Solution, p=3°8987. 
Density at 

Temperature. t°/4°. 7=389°9 mm. [a]*. 

20°0° 1°0548 —1°95° — 12°16° 

25°5 1°0505 1°78 11°15 

34°0 1:0408 1°58 9°99 

40°5 1°0335 1°38 8°78 

47°5 1°0256 1°20 7°70 
Densities determined : 


Temperature 25° 35° 
Density ¢°/4° 10548 1°0509 1°0398 


Pyridine Solution, p=5:0079. 


Density at 

Temperature. t°/4°. 7=389°9 mm. [a}é. 
20°0° 0°9860 +5°24° + 27°22° 
25°0 0°9811 5°16 26°94 
31°0 0°9751 4°94 25°95 
40°5 0°9658 4°66 24°71 

Densities determined: 


Temperature 25° 35° 
Density ¢°/4° 0:9860 0°9811 0°9718 


Pyridine Solution, p=9°9862. 
Density at 
Temperature. °/4°, 2=199°84 mm. [a}f. 
17°0° 0°9978 +4°50° + 22°60° 
20°0 0°9948 4°40 22°16 
25°5 0°9897 4°27 21°62 
30°5 0°9848 4°17 21°22 
38°5 0°9771 4°00 20°51 
45°5 0°9702 3°88 20°04 
Densities determined : 


Temperature 25° 35° 
Density ¢°/4° 0°9948 0°9901 0°9805 


p-Vitrobenzobornylamide. 


The method of preparation was the same as that employed in the 
case of the preceding compounds, enough ether being used to keep 
the whole of the amide in solution. The product obtained by 
evaporating the ethereal solution was purified by recrystallising 
from dilute alcohol : 

0°1452 gave 11°6 c.c. N, (moist) at 14° and 756 mm. N=9°35. 

C,,H,.0,N, requires N=9°27 per cent. 


p-Vitrobenzobornylamide crystallises in long, slender needles of 
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a pale yellow colour, melting at 167°. It is readily soluble in 


pyridine, and moderately so in alcohol or acetic acid. 


Rotatory Power of p-Nitrobenzobornylamide. 
Ethyl-Alcoholic Solution. 


Density 
20°/4°. 
0°8017 
0°8020 


20° 


D 
7=389°9 mm. 
—2°17° 
2°24 


[a}e”. 
— 16°56° 
16°75 


Methyl-Alcoholic Solution, p=5°0035. 


Density 
0°/4°. 
0°8085 
0°8040 
0°7951 


Temperature. 
20°0° 
25°0 


35°0 


Densities determined: 


Temperature............... 


Density ¢°/4° 


at 
D 
7=389°9 mm. 
— 2°12° 
1°96 
1:70 


20° 
0°8085 


[a]; 
~13°44° 
12°49 

10°96 


25° 
0°8040 


Glacial Acetic Acid Solution, p=3°8347. 


Density 
t°/4°. 
1°0565 
1°0512 
1-0465 
1°0410 
1°0343 
1°0274 


Temperature. 
20° 
25 
29 
34 
40 
46 


Densities determined: 


Temperature 
Density ¢°/4° 


a’ 


D 
7=389°9 mm. 
—1°15° 
1°03 
0°90 
0°78 
0°58 
0°42 


20° 


Pyridine Solution, p=4°7106. 


Density 
t°/4°. 
0°9888 
0°9855 
0°9801 
0°9717 
0°9638 


Temperature. 
16°5° 
20°0 
25°5 
34:0 
42°0 


Densities determined: 


Temperature 
Density ¢°/4° 


1=389°9 mm. 


+4°85° 
4°78 
4°63 
4°36 
4°18 


20° 


0°9855 0° 


[al 

+26°71° 
26°41 
25°71 
24°45 
23°61 


25° 
9806 


35° 
0°9708 
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Pyridine Solution, p=9°9493. 
Density at 
Temperature. t°/4°. 1=199°84 mm. [a]°. 
0°9949 +4°51° + 22°80° 
0°9881 4°42 22°50 
0°9804 4°23 21°70 
Densities determined : 


Temperature 25° 
Density ¢°/4° 0°9949 0°9902 


o-Toluobornylamede. 


The mode of preparation was similar to that adopted in the case 
of the nitrobenzo-compounds. The product left after distilling off 
the ether was crystallised from a mixture of benzene and light 
petroleum until of constant rotatory power: 

0°2963 gave 13°1 c.c. No (moist) at 9° and 756 mm. N=5'28. 

C,3sH,;ON requires N=5'17 per cent. 
o-Toluobornylamide crystallises in colourless needles, melting at 
97—98°. It is readily soluble in benzene, acetone, or pyridine, and 
only slightly soluble in light petroleum. 


Rotatory Power of o-Tolwobornylamide. 
d, 20°/4°. Zin mm. a. [a]. [Mm]. 
Ethyl-Alecoholic Solution. 
0°7956 389°9 —1°44° —18°54° — 50°24° 
0°7999 389°9 — 2°97 — 19°04 — 51°60 
Methyl-Alcoholic Solution. 
0°7991 389°9 — 1°06 —17°02 
0°8016 389°9 — 2°13 -17°01 
Glacial Acetic Acid Solution. 
1°0508 389°9 — 2°14 — 10°38 
1°0521 199°84 — 2°38 — 11°34 
Pyridine Solution. 
0°9804 389°9 +2°14 
0°9845 389°9 +3°93 


m-T'oluobornylamide, 


This was prepared in the usual manner by the interaction of the 
acid chloride and bornylamine in ethereal solution, and purified 
by crystallisation from dilute alcohol: 


THE ACYL-BORNYLAMINES. PART II. 2041 


0°2954 gave 13°2 c.c. Np (moist) at 14°5° and 756 mm. N=5-20. 
C,,H,;ON requires N=5°17 per cent. 
m-7'oluobornylamide crystallises in fine, silky needles, melting at 
140—141°. It is easily soluble in pyridine or glacial acetic acid, 
and moderately so in alcohol. 


Rotatory Power of m-Toluobornylamide. 


d. 20°/4°. Zin mm. a", [ap [M}". 


D 


Ethyl-Alcoholic Solution. 
0°7932 389°9 —1°65° — 21°31° 
0°8003 389°9 — 3°50 — 22°40 
Methyl-Alcoholic Solution. 
0°7994 389°9 —1°27 — 20°37 
0°8033 389°9 -2°71 — 21°60 
Glacial Acetic Acid Solution. 
50038 1°0506 389°9 — 1°67 — 8°15 
10°0215 1°0513 199°84 —1°89 — 8°98 
Pyridine Solution. 


4°9922 389°9 +5°'14 + 26°90 
10°0080 199-84 + 4°54 + 28°05 


p-Toluobornylamide. 


This was prepared from p-toluoyl chloride and bornylamine in 
the same manner as that employed in the case of the preceding 
compounds. On evaporating the ether, a theoretical yield of the 
amide was obtained. It was purified by recrystallising from dilute 
alcohol until of constant rotatory power: 


0°3043 gave 14°0 c.c. N, (moist) at 13° and 741 mm. N=5'29. 
C,gH,;ON requires N=5'17 per cent. 


p-Toluobornylamide crystallises in colourless, prismatic needles, 
melting at 169° without decomposition. Like the isomeric amides 
described above, it is readily soluble in pyridine or glacial acetic 
acid. At the ordinary temperature it gives only about a 4 per 
cent. solution in methyl alcohol. 
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Rotatory Power of p-Toluobornylamide. 
d. 20°/4°. lin mm. a”, [a]. (Mj. 


Ethyl-Alcoholie Solution. 
0°7956 389°9 — 1°03° — 13°37° — 36°23° 
0°8010 389°9 — 2°28 — 14°55 — 39°43 
Methyl-Alcoholic Solution. 
0°7989 389°9 - 0°76 — 12°18 
0°8038 389°9 -—1°57 — 12°51 
Glacial Acetic Acid Solution. 
1°0010 3899 +0°0 +0°0 
5°0022 389°9 —0°10 — 0°49 
10°0130 ‘ 389°9 — 0°62 -1°51 
Pyridine Solution. 
5°0064 0°9810 389°9 +5'86 
7°9320 0°9835 389°9 + 8°83 
16°0225 0°9842 199°84 +5°40 
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CCXXIII.—EHthyl Benzoylacetate. 


By Epwarp Horr and Witt1am Henry PERKIN, jun. 


Eruy.t benzoylacetate was discovered by Baeyer in 1882 (Ber., 
15, 2705), and the first investigations of this important substance 
and of many of its derivatives are described in several papers 
published between this date and 1886.* The ester had, at that 
time, to be prepared by the action of concentrated sulphuric acid 
on ethyl phenylpropiolate, a process which not only yielded an 
impure product, but was at the same time so laborious that 
experimental investigation could only be carried out with very 
small quantities of material. Ethyl benzoylacetate is now a 
commercial substance, and, during the course of some recent 
experiments with the pure ester, we were led to the conclusion 
that some of the statements in the original papers, made more 
especially in connexion with the substitution derivatives, were 
incorrect, and that others required modification. Ethyl benzoyl- 

* Baeyer and Perkin (Ber., 1883, 16, 2128) ; Perkin (Trans., 1884, 45, 170 ; 1885, 


47, 240, 262); Perkin and Calman (Trans., 1886, 49, 154); Perkin and Bellenot 
(Trans., 1886, 49, 440). 
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acetate is readily converted into such mono-substitution products 
as ethyl a-benzoylpropionate, C,;H;*CO-CHMe:’CO,Et, and ethyl 
a-benzoylbutyrate, CgH;-CO°-CHEt-CO,Et, by treatment, in alco- 
holic solution, with sodium ethoxide and the alkyl iodide, the 
process being exactly similar to that commonly employed in pre- 
paring substitution derivatives of ethyl acetoacetate. 

Disubstitution derivatives of ethyl benzoylacetate, such as ethyl 
a-benzoylisobutyrate, C,H,*CO-CMe,°CO,Et, and ethyl a-benzoyl- 
a-ethylbutyrate, C,H,-CO°CEt,-CO,Et, unlike those of ethyl 
acetoacetate, can either not be prepared at all, or only in very 
small yields, by treating the mono-substituted ester with sodium 
ethoxide and the alkyl iodide in alcoholic solution. On the other 
hand, such disubstitution derivatives may be obtained in the 
absence of alcohol, namely, by acting, for example, on the toluene 
solution of the mono-substitution derivative, first with sodium, and 
then with the alkyl iodide. Under these conditions, ethyl a-benzoyl- 
isobutyrate is obtained in a yield of at least 60 per cent. of that 
theoretically possible (p. 2046), but, on the other hand, it is remark- 
able that the introduction of the second ethyl group into ethyl 
a-benzoylbutyrate takes place with much more difficulty, and the 
yield of disubstitution derivative does not, as far as can be judged, 
exceed 20 per cent. of that theoretically possible. 

There can be no doubt that the explanation of this discrepancy 
is to be sought in the greater reactivity of methyl iodide, and, 
in support of this view, we find that the yield of ethyl a-benzoyl- 
a-methylbutyrate, C,H;-CO-CMeEt’CO,Et, is greater when methyl 
iodide reacts in toluene solution with the sodium derivative of 
ethyl a-benzoylbutyrate than when ethyl iodide reacts with the 
sodium derivative of ethyl a-benzoylpropionate. Again, it is well 
known that benzyl chloride is very reactive, and, in accordance with 
the above explanation, we find that the sodium derivative of ethyl 
a-benzoylbutyrate reacts readily with benzyl‘chloride, and the yield 
of ethyl a-benzoyl-8-phenyl-a-ethylpropionate, 

C,H;*CH,"CEtBz-CO,Et, 
obtained is at least 60 per cent. of that theoretically possible. 

These results are at variance with the earlier work of Perkin 
(Trans., 1884, 45, 182), in which it is stated that ethyl benzoyl- 
diethylacetate (ethyl a-benzoyl-a-ethylbutyrate) is produced when 
ethyl benzoylethylacetate (ethyl a-benzoylbutyrate) is treated with 
sodium ethoxide and ethyl iodide in alcoholic solution. The 
product was not purified by fractional distillation, but the di- 
substitution derivative must have been formed, because the ester 
yielded diethylacetophenone on hydrolysis; unfortunately, there is 
no record of the amount of this latter substance which was 
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obtained. Discrepancies such as this, which one of the authors 
(P) and others have repeatedly noticed, especially in cases of this 
kind, must be due to slight differences in the conditions of experi- 
ment, and very probably to the presence or absence of varying 
quantities of moisture in the alcohol and other materials employed. 
The second point, which we have carefully investigated and deal 
with in detail in the present communication, is the behaviour of 
the substitution derivatives of ethyl benzoylacetate on hydrolysis. 
It was early recognised (Trans., 1885, 47, 242) that ethyl benzoyl- 
acetate itself is readily hydrolysed by concentrated sulphuric acid 
in the cold, with formation of benzoylacetic acid, but this simple 
method did not apply to the mono- or di-substitution derivatives, 
which, under these conditions, either remained unchanged or were 
hydrolysed with elimination of carbon dioxide and formation of 
substitution derivatives of acetophenone, and these results we can 
confirm. Experiments on the action of alcoholic potassium 
hydroxide under different conditions ‘on the mono- or di-sub- 
stitution derivatives of ethyl benzoylacetate yielded unsatisfactory 
results, since the products, which we were able to isolate, were 
usually only benzoic acid and substituted acetophenones, 

On the other hand, dilute potassium hydroxide (3 per cent.) 
gradually dissolves the mono-substitution derivatives of ethyl 
benzoylacetate, and, after remaining for two days and then acidify- 
ing and extracting with ether, the mono-substituted benzoylacetic 
acid is obtained. We have thus prepared a-benzoylpropionic acid 
(m. p. 82—83°) and a-benzoylbutyric acid (m. p. 85-—87°) in a 
pure state. 

The disubstitution derivatives of ethyl benzoylacetate are 
insoluble in dilute alkalis, and we have been unable to find any 
conditions which yield the corresponding acids. In all experiments 
where hydrolysis took place, it was accompanied by the simultaneous 
elimination of carbon dioxide and formation of substituted aceto- 
phenones and benzoic acid. The melting points of benzoyl-, ethyl., 
allyl-, and diethyl-acetic acids (a-benzoyl-butyric, -allylacetic, and 
-a-ethylbutyric acids) given in the earlier paper (Trans., 1884, 45, 
180) as 115°, 122°, and 128—130°* respectively are incorrect. 
There can be no doubt that the acids were produced in the way 
described, but, unfortunately, the final melting points were not 
taken until several months after the analyses had been made, and 
while the results were being written for publication; during this 
time decomposition had evidently taken place, in each case with 
formation of benzoic acid. 


* This should have been 118—120°, 
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EXPERIMENTAL. 


Ethyl a-Benzoylpropionate, C,H;*CO-CHMe-CO,Et, Lthyl a-Benzoyl- 
isobutyrate, CsH;*CO-CMe,°CO,Et, and Ethyl a-Benzoyl-B-phenyl- 
isobutyrate, CgsH,"CH,*CMeBz-CO,Et. 


Ethyl a-benzoylpropionate has already been described by Perkin 
and Calman (ethyl benzoylmethylacetate: Trans., 1886, 49, 156) 
as a colourless oil boiling at 235°/300 mm. We have prepared 
considerable quantities of this ester by mixing ethyl benzoylacetate 
(30 grams) with sodium ethoxide (containing 3°6 grams of sodium), 
adding methyl iodide, and heating on the water-bath for one hour. 
It distilled at 162—163°/18 mm., and yielded correct results on 
analysis : 

0°1165 gave 0°2976 CO, and 0°0731 H,O. C=69°6; H=69. 

C,,H,,0, requires C=69°9; H=6'8 per cent, 

a-Benzoylpropionic acid, C;H,-CO-CHMe-CO,H.—Perkin and 
Calman (loc. cit., p. 157) attempted to prepare this acid by using 
the conditions which so readily convert ethyl benzoylacetate into 
benzoylacetic acid, namely, hydrolysis with concentrated sulphuric 
acid at the ordinary temperature, but without success. We have 
also made a number of experiments in the same direction, and find 
that, under these conditions, the ester either remains unchanged 
or is decomposed, with formation of a neutral oil, which is doubtless 
propiophenone. Ultimately, we were successful in preparing con- 
siderable quantities of the acid in the following way. Ethyl 
a-benzoylpropionate (1 mol.) was mixed with a 3 per cent. aqueous 
solution of potassium hydroxide (2 mols.), and well shaken from 
time to time, and until almost the whole quantity had dissolved. 
After about two days, the remaining neutral oil was extracted with 
ether, the aqueous solution mixed with ice, and acidified, when 
an oily acid separated, which soon crystallised. This was collected, 
left in contact with porous porcelain until quite dry, and then 
crystallised from a mixture of benzene and light petroleum: 

0°1850 gave 0°4565 CO, and 0°0899 H,O. C=67°3; H=5°4. 

C1 9H,)O3 requires C=67°4; H=5'6 per cent. 

When titrated with V/10-barium hydroxide, 0°3885 neutralised 
0°1990 Ba(OH),, whereas this amount of a monobasic acid, 
C19H 903, should neutralise 0°1881 Ba(OH),. 

a-Benzoylpropionic acid separates from a mixture of benzene 
and light petroleum in colourless, glistening crystals, melts at 
82—83° with evolution of gas, and gives only a brown coloration 
when ferric chloride is added to its alcoholic solution. The ester 
from which the acid had been prepared gave a faint violet 
VOL. XCV. 6 T 
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coloration with ferric chloride, which was doubtless due to the 
presence of traces of ethyl benzoylacetate, and the statement of 
Perkin and Calman (loc. cit.) that ethyl benzoylmethylacetate 
(a-benzoylpropionate) gives no coloration with ferric chloride is 
probably correct. If this be so, there is a striking difference in 
this particular between the mono-substitution derivatives of ethyl 
benzoylacetate and those of ethyl acetoacetate, since the latter 
give intense viclet colorations with ferric chloride. 

Ethyl a-benzoylisobutyrate, C,H;*CO-CMe,°CO,Et.—This_ di- 
substitution derivative may be obtained in a yield of 60 to 70 per 
cent. of that theoretically possible by the following .method of 
preparation. 

Ethyl a-benzoylpropionate (15 grams) is added to finely divided 
sodium * (1°8 grams) suspended in toluene, and, after remaining 
for three hours, the toluene solution is decanted from traces of 
undissolved sodium, mixed with methyl iodide (11 grams), and 
heated to boiling for three hours. The product is mixed with ether, 
washed with water and dilute hydrochloric acid, dried, and, after 
removing the toluene and ether by evaporation, an oil is obtained 
which distils at 153—156°/19 mm., and gives no coloration when 
ferric chloride is added to its alcoholic solution : 

0°1441 gave 0°3748 CO, and 0°0967 H,O. C=70°9; H=7°4. 

C,3H,,0, requires C=70°9; H=7°3 per cent. 

There can be no doubt that this oil is practically pure ethyl 
a-benzoylisobutyrate, but subsequent experience (p. 2049) shows 
that it would be desirable, on future occasions, to treat this oil 
with aqueous potassium hydroxide, in order to remove traces of 
ethyl a-benzoylpropionate which it may possibly contain. Many 
experiments were made with the object of obtaining a-benzoyl- 
isobutyric' acid by the hydrolysis of this ester, but they were all 
unsuccessful. When left in contact with concentrated sulphuric 
acid for two days, it remained mostly unchanged, but was partly 
decomposed, with the formation of neutral oils. The action both 
of aqueous and alcoholic potassium hydroxide led to the formation 
of much benzoic acid. 

Ethyl a-benzoyl-B-phenylisobutyrate, C,H;*CH,*CMeBz-CO,Et.— 
This substance is readily obtained when ethyl a-benzoylpropionate 
(12°3 grams) is added to finely-divided sodium (1°‘7 grams) suspended 
in toluene, and, after remaining for three hours, the toluene solution 
is decanted, mixed with benzyl chloride (7°6 grams), and heated to 
boiling for three hours. The product, isolated in the usual manner, 
distilled at 223—228°/19 mm., and gave no coloration on the 
addition of ferric chloride to its alcoholic solution. Analysis 


* Prepared by melting sodium under toluene and shaking vigorously. 
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showed that this substance was pure ethyl a-benzoyl-B-phenyl- 
isobutyrate : 
0°1228 gave 0°3450 CO, and 0'0781 H,O. C=766; H=7°0. 
CigH O03 requires C=77'0; H=6°7 per cent. 
In the case of this disubstitution derivative, also, many attempts 
were made to obtain the free acid by hydrolysis either with alkalis 
or acids, but without success. 


Ethyl a-Benzoylbutyrate, CgH;;CO-CHEt:CO,Et, Hthyl a-Benzoyl- 

a-ethylbutyrate, CgH,-CO-CEt,"CO,Et, Ethyl a-Benzoyl-a-methyl- 

butyrate, CgH;-CO*CMeEt:CO,Et, and Ethyl a-Benzoyl-B-phenyl- 
a-ethylpropionate, C,H;*CH,*CEtBz-CO,Et. 


The ethyl a-benzoylbutyrate employed in the following experi- 
ments was prepared exactly as described by Perkin (Trans., 1884, 
45, 179; 1885, 47, 241), namely, by adding ethyl benzoylacetate 
(5 grams), and then ethyl iodide (10 grams), to a solution of 
Q°6 gram of sodium in 15 c.c. of absolute alcohol. After heating 
on the water-bath for about an hour and a-half, the product was 
isolated in the usual manner, and purified by fractionation under 
diminished pressure. 

It distilled at 168—171°/19 mm., and gave a faint violet 
coloration when ferric chloride was added to its alcoholic solution: 

0°1307 gave 0°3396 CO, and 0°0860 H,O. C=70°8; H=7°3. 

C,3H,,03 requires C=70°9; H=7°3 per cent. 

Perkin (loc. cit.) gives 210—211°/90 mm. as the boiling point 
of this ester. 

a-Benzoylbutyric acid, CgH;;CO-CHEt-CO,H.—Although ethyl 
benzoylacetate is so readily converted into benzoylacetic acid by 
concentrated sulphuric acid in the cold, ethyl a-benzoylbutyrate is 
only very slowly attacked under the same conditions, and much 
ester remains undecomposed even after solution in a large excess 
of sulphuric acid for fourteen days. When the ester is allowed 
to remain for two days with methyl-alcoholic potassium hydroxide 
(15 per cent.) at the ordinary temperature, a considerable quantity 
of potassium carbonate separates, and a neutral oil is formed, 
which distils principally at about 210—220°, and evidently consists 
mainly of phenyl propyl ketone. The alkaline solution yields, on 
acidifying, a copious precipitate of benzoic acid. Similar results 
were obtained with dilute methyl-alcoholic potassium hydroxide 
(3 per cent.), but ultimately it was found that a-benzoylbutyric 
acid may be obtained in a pure condition by employing aqueous 
alkali under the following conditions. Ethyl a-benzoylbutyrate 
(1 mol.) is shaken mechanically with 3 per cent. aqueous potassium 
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hydroxide (2 mols.) for two days, and the neutral oil removed by 
extraction with ether. The alkaline solution is mixed with ice, 
acidified, extraction with pure ether, the ethereal solution dried and 
evaporated at as low a temperature as possible, when a colourless 
oil is obtained which soon crystallises. After remaining in contact 
with porous porcelain until quite free from oily impurity, the acid 
was cautiously crystallised from a mixture of benzene and light 
petroleum : 


0°1595 gave 0°4002 CO, and 0°0952 H,O. C=684; H=6'6. 
01620 ,, 0°4107CO, ,, 0°0916 H,O. C=691;H=6'2. 
C,,H,,0, requires C=68°8; H=6'2 per cent. 


On titration with N/10-barium hydroxide, 0°5533 neutralised 
0°2413 Ba(OH),, whereas this amount of a monobasic acid, 
C,,H,,.03, should neutralise 0°2484 gram. 

a-Benzoylbutyric acid separates from a mixture of benzene and 
light petroleum in colourless, glistening plates, and melts at 
85—87° with evolution of gas. 

It appears to be more unstable than the corresponding methyl 
acid (a-benzoylpropionic acid), since on keeping, even in a stoppered 
tube, it gradually becomes sticky, whereas the latter remains crisp 
under the same conditions. 

Ethyl a-benzoyl-a-ethylbutyrate, C,H,-CO-CEt,,CO,Et.—In the 
earlier research (Perkin, Trans., 1884, 45, 182), an attempt was 
made to introduce a second ethyl group into ethyl a-benzoyl- 
butyrate by treating it with sodium ethoxide and ethyl iodide 
in the usual manner, and, although the product was not purified 
by distillation,* its examination was thought to indicate that it 
consisted in the main of ethyl a-benzoyl-a-ethylbutyrate. We now 
find that it is very difficult to introduce a second ethyl group 
into ethyl a-benzoylbutyrate, and the yield of ethyl a-benzoyl- 
a-ethylbutyrate obtained, even under the best conditions, is only 
small, 

In the first experiments, ethyl a-benzoylbutyrate was digested, 
in alcoholic solution, with the theoretical amount of sodium 
ethoxide and excess of ethyl iodide. The product, isolated in the 
usual manner, was found to distil almost entirely below 160°/ 
20 mm., and the distillate evidently consisted mainly of ethyl 
derivatives of acetophenone, hydrolysis having taken place under 
the conditions employed. Since it was possible that the large 
amount of sodium ethoxide present at the beginning might have 
produced the hydrolysis, the experiment was repeated, with this 


* At the time this research was carried out, the method of fractionating under 
diminished pressures, now so common, had not been developed. 
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difference, that the alcoholic sodium ethoxide was added drop by 
drop to the mixture of ethyl a-benzoylbutyrate and ethyl iodide, 
but, in this case also, the product consisted principally of neutral 
oils, together with some ethyl benzoate. Negative results were also 
obtained when ethyl a-benzoylbutyrate was treated, in dry ethereal 
solution, with sodium, and then with ethyl iodide. Ultimately it 
was found that ethyl a-benzoyl-a-ethylbutyrate may be prepared, 
although in small yield, by the following process. Ethyl a-benzoyl- 
butyrate (22 grams) is added to finely-divided sodium (2°3 grams) 
suspended in toluene,* and left until almost the whole of the 
sodium has dissolved; the red toluene solution is then decanted 
from any unchanged sodium, and heated on the sand-bath with 
excess of ethyl iodide. The product, isolated as usual, yielded a 
considerable fraction, distilling at 176—179°/20 mm., which, on 
analysis, gave numbers intermediate between those required for 
ethyl a-benzoylbutyrate and ethyl a-benzoyl-a-ethylbutyrate. In 
order to remove the former, the mixture was shaken mechanically 
with a considerable excess of 3 per cent. aqueous potassium 
hydroxide for two days, and the unhydrolysed oil extracted with 
ether. It now distilled at 179—183°/20 mm., gave no coloration 
with ferric chloride, and evidently consisted of pure ethyl a-benzoyl- 
a-ethylbutyrate : 

0°1311 gave 0°3488 CO, and 0'0921 H,O. C=72°5; H=7°'8. 

C,;H»O0; requires C=72°5; H=8°0 per cent. 

The yield obtained was approximately 20 per cent. of that 
theoretically possible. In order to determine the reason for the 
small yield of ethyl a-benzoyl-a-ethylbutyrate, even under the most 
favourable circumstances, an experiment was made with the object 
of ascertaining whether this might be due to the sodium derivative 
of ethyl a-benzoylbutyrate undergoing decomposition before it 
reacted with the ethyl iodide. 

The sodium derivative was prepared in toluene solution, and 
digested on the sand-bath, care being taken to exclude moisture, 
but, even after boiling for five hours, no appreciable decomposition 
could be detected, and almost all the ester was recovered unchanged. 
That the smallness of the yield of ethyl a-benzoyl-a-ethylbutyrate 
obtained in the experiments described above is, in some way, partly 
due to the comparatively slow action of the ethyl iodide is clearly 
indicated in the following experiments. 

I. The sodium derivative of ethyl a-benzoylbutyrate was pre- 
pared in toluene solution, digested with excess of methyl iodide in 
the usual manner, and the product, after distillation, shaken 
mechanically with an excess of 3 per cent. aqueous potassium 


* See footnote, p. 2046. 


2050 HOPE AND PERKIN: ETHYL BENZOYLACETATE, 


hydroxide for two days. The unhydrolysed ester distilled at 
163—165°/18 mm., gave no coloration with ferric chloride, and 
consisted of pure ethyl a-benzoyl-a-methylbutyrate, 
C,H;*CO-CMeEt-CO,Et: 
0°1120 gave 0°2932 CO, and 0°0787 H,O. C=71'4; H=7°'8. 
C,4H,,0; requires C=71°8; H=7°7 per cent, 


The yield of ester obtained in this experiment was roughly 60 
per cent. of that theoretically possible, and, when the alkaline 
extract was acidified, there was only a slight turbidity, and no 
a-benzoylbutyric acid separated on standing. 

II. The sodium derivative of ethyl a-benzoylpropionate was 
digested, under the same conditions as in (I), with excess of ethyl 
iodide, and the product, after treatment with potassium hydroxide, 
yielded an oil which distilled at 165—167°/20 mm., and consisted 
of ethyl a-benzoyl-a-methylbutyrate : 


0°1528 gave 0°4033 CO, and 0°1066 H,O. C=71:9; H=7°7. 
C,,H,,;0, requires C=71°8; H=7'7 per cent. 


In this experiment, the yield obtained was considerably less than 
in (I), and, when the alkaline extract was acidified, a precipitate 
of a-benzoylpropionic acid separated after some time, showing that 
the decomposition of the sodium derivative of the ethyl a-benzoy]l- 
propionate by the ethyl iodide had not been complete. 

III. In order to obtain further evidence that the rapidity of 
action of the halogen derivative employed for substitution has some- 
thing to do with the yield of disubstitution product, the action of 
benzyl chloride on the sodium derivative of ethyl a-benzoylbutyrate 
was investigated. Ethyl a-benzoylbutyrate (15 grams) was con- 
verted into the sodium derivative by the action of sodium (1°6 
grams) on its toluene solution, as in ‘the previous cases, pure 
benzyl chloride (12 grams) was then added, and the whole boiled 
for one hour. 

The product, isolated in the usual manner, distilled almost 
completely at 225—229°/17 mm., gave no coloration with ferric 
chloride, and consisted of pure ethyl a-benzoyl-B-phenyl-a-ethyl- 
propionate, CgH;-CH,*CEtBz-CO,Et : 


0°1296 gave 0°3683 CO, and 0°0842 H,O. C=77'5; H=7°2. 
Cy 9H»,0, requires C=77°4; H=7'1 per cent. 


The yield of this disubstitution derivative was more than 75 per 
cent. of that theoretically possible. 

These experiments do not sufficiently account for the smallness 
of the yield obtained when the sodium derivative of ethyl a-benzoyl- 
butyrate is digested with ethyl iodide, and it is just possible that 
this may be due to the decomposition of the ethyl iodide into 
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ethylene and hydrogen iodide during the prolonged boiling in 
toluene solution. Experiments will be instituted in order to deter- 
mine whether such decomposition actually takes place under these 
conditions, because, if this were so, the liberated hydrogen iodide 
might well decompose some of the ester, and thus account for the 
small yield of the diethyl substitution derivative. 


The authors wish to state that much of the expense of this 
investigation was met by a grant from the Research Fund of the 
Chemical Society. 
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CCXXIV.—Studies in the Camphane Series. Part 
XXVII. Camphorylphenyltriazen (Camphordiazo- 
aminobenzene) and its Bearing on the Constitution 
of Diazoamino-compounds. 


By Martin Onstow Forster and CHARLES SAMUEL GARLAND. 


Since the discovery of the first diazoamino-compound by Griess, 
the problems connected with the constitution of triazen derivatives 
have maintained their interest for chemists to the present day; 
whilst, however, the investigation of aromatic diazoamines has 
been continuous, the progress of the branch dealing with aliphatic- 
aromatic triazens has been intermittent. That such derivatives 
are obtainable from diazonium salts and aliphatic secondary amines 
was shown by Baeyer and Jaeger (Ber., 1875, 8, 148 and 893), and 
by Wallach (Annalen, 1886, 235, 233); it was found also that 
bisdiazoamino-derivatives arise from aliphatic primary amines 
(H. Goldschmidt and Holm, Ber., 1888, 21, 1016; H. Goldschmidt 
and Badl, Ber., 1889, 22, 933), 
CH,°NH, + 2C,H;*N,Cl = CH,°N(N,"C,H;). + 2HCl, 

a normal diazoamine being produced only from benzylamine 
(Goldschmidt and Holm, loc. cit.). Here -the subject remained 
apparently untouched until 1903, when Dimroth discovered that 
aliphatic-aromatic triazens may be synthesised by an application 
of the Grignard reaction to organic azoimides (Ber., 1903, 36, 
909), and this observation has been so fruitful in the hands of its 
author that a new series of diazoamino-compounds containing 
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alkyl groups has been brought to light, of which the most remark- 
able member is diazoaminomethane, or dimethyltriazen, produced 
by the action of magnesium methyl iodide on methylazoimide 
(Dimroth, Ber., 1906, 39, .3905; compare also Dimroth, Ber., 
1905, $8, 670; Dimroth, Eble, and Gruhl, Ber., 1907, 40, 2390). 

The principal point of interest in connexion with aliphatic- 
aromatic triazens, as with those of purely benzenoid origin, lies in 
their dynamic isomerism, and it appeared to us probable that an 
investigation of the diazoamines theoretically obtainable from 
aminocamphor and methylaminocamphor would help to free this 
part of the subject from the obscurity which still prevails. Keeping 
in mind the readiness with which diazo-y-semicarbazines are pro- 
duced from camphoryl-~-semicarbazide (Trans., 1906, 89, 222), 
we have subjected aminocamphor and its methyl derivative to the 
action of diazonium salts, and find that in absence of mineral 
acid coupling proceeds smoothly but slowly; by observing certain 
precautions specified below, the products may be isolated and 
crystallised. According to this method of formation, the simplest 
members of the two classes would be represented respectively by 
the formule: 


— og N(CH,)-N:N-C, Hy 


C,H, .< and C,H,, 
and as regards the derivatives of methylaminocamphor there is 
no doubt that the latter expression is faithful to the facts; 
camphorylphenylmethyltriazen and its substitution products are 
sufficiently stable towards mineral acids to form definite, crystalline 
salts which, when warmed with dilute acids, are resolved into 
methylaminocamphor and the corresponding diazonium salt. 

Camphorylphenyltriazen, on the other hand, is highly sensitive 
towards mineral acids, and even acetic or picric acid is able to 
liberate nitrogen from it; no member of the series which includes 
its derivatives, with one exception to be mentioned later, gives 
the slightest indication of a diazonium chloride when treated with 
hydrochloric acid. Taken alone, therefore, the behaviour of 
camphorylphenyltriazen towards acids would suggest the character 
of camphordiazoaminobenzene rather than that of benzenediazo- 
aminocamphor : 


sH; 
rc iaalalia te aie of a 


CsA 


This indication is confirmed by the behaviour of the substance 
towards phenylcarbimide, which transforms it into camphordiazo- 
diphenylcarbamide, the structure of which is established by its 
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resolution into diphenylcarbamide, nitrogen, and a camphor residue, 
without a trace of diazonium salt: 
C Hite H-N:N-NH:- Cols cone nsc9 C Ts iets 2 O,H, 


co CO-NH-C,H, 


be | 
q Hite + My + ae Oe -NH-(,H, 


This is the first time that agreement between the course of the 
attack by phenylcarbimide and that of the acid resolution has 
been observed in connexion with aliphatic-aromatic diazoamino- 
compounds. Dimroth, in a communication already quoted (Ber., 
1905, 38, 670), has made it plain that phenylmethyltriazen, pheny]l- 
ethyltriazen, and phenylbenzyltriazen are resolved by hydrogen 
chloride into aniline, nitrogen, and the corresponding alkyl 
chloride, whilst phenylearbimide converts them into carbamide 
derivatives, from which, in each case, benzenediazonium salt is 
removed by acids, whence it follows that Dimroth’s triazens would 
appear to behave towards acids and phenylcarbimide according to 
the formule: 

X‘N:N-NH:C,H, and X-NH-N:N-C,H;. 
respectively, where X represents the alkyl or substituted alkyl 
group. 

For a reason which will now appear, we believe that this incon- 
sistency in the attitude of Dimroth’s triazens towards hydrogen 
chloride, on the one hand, and phenylcarbimide, on the other, is 
illusory, and is due to the non-appearance of an intermediate 
carbamide arising from X*N:N-NH°C,H;. We base this view on 
the observation that the camphordiazodiphenylcarbamide 
obtained from camphorylphenyltriazen and phenylcarbimide is 
transformed quantitatively and with great facility into an isomeric 
substance, 

CH-N-N-N-C,H, CH-N-N-N-C,H, 
Csi bo cona-cH, ~ > %!u<do do-NH-C,H, 


which, in distinction from its generator, yields benzenediazonium 
salt on resolution by acids. Although this rearrangement involves 
the migration of the phenylcarbamic radicle, C;H,-NH°CO, it seems 
to us the only possible interpretation of the facts, and if accepted 
must lead, in our opinion, to the recognition of Dimroth’s triazens 
and of camphorylphenyltriazen itself as diazoamino-compounds of 
the type X-N:N-NH-C,H;, where X represents the alkyl and 
camphoryl groups. In other words, the conflicting evidence 
brought to light by Dimroth is probably due, not to a tautomeric 
change induced by hydrogen chloride in the direction: 
X-NH-N:N’C,H, -> X°N:N-NH-C,H,, 
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followed by resolution of the triazen into alkyl chloride, nitrogen, 
and aniline, but rather to a molecular transformation of the diazo- 
carbamide : 
X‘N-N-N-C,H; ap X-N-N-N-C,H; 
CO-NH:‘C,H, CO-NH-C,H,’ 

proceeding so rapidly that only in the case of the heavily-weighted 
camphor derivative has it as yet been possible to arrest the change 
at its initial stage.* Even the diazocarbamide from camphory]l- 
phenyltriazen, although stable in the solid state, changes very 
rapidly when dissolved, and, being optically active, affords an oppor- 
tunity to follow the alteration in the polarimeter. 

The foregoing conclusion as to the constitution of the aliphatic- 
aromatic triazens being opposed to that of Dimroth and of 
H. Goldschmidt (loc. cit., and Ber., 1905, 38, 1096), it is necessary 
to refer to those experiments of the former investigator with Eble 
and Gruhl (Ber., 1907, 40, 2390) which led him to the opinion 
indicated. These consisted in preparing bisdiazoamino-compounds 
from the aliphatic-aromatic triazens by the action of diazonium 
salts, and in examining the products of resolving them with alcoholic 
acid. The quoted authors premise that the bisdiazoamino- 
compound from phenylmethyltriazen and benzenediazonium chloride 
should be: 

C,H,"N-N-N-CH, - C,H,"N-N:N-CH, 
C,H, N:N C,H,"N:N : 
according to the constitution of the original triazen being: 
C,H;-N-N-NH-CH,; or C,H;,-NH:N:N-CH, 
respectively, but although they found that the bisdiazoamino- 
compound, instead of yielding methylamine and two molecules of 
benzenediazonium salt, breaks up into one molecule of elemental 
nitrogen and one molecule of diazonium salt, they nevertheless 
reject the unsymmetrical formula, and prefer the symmetrical one. 
Their reason for doing so is the observation that the product of 
coupling toluenediazonium chloride with phenylmethyltriazen is 
identical with that obtained from tolylmethyltriazen and benzene- 
diazonium chloride, whence they conclude that it has the con- 
stitution : 
C,H,*N:N 


CH -N:NON CHy 


* It is proposed, however, to re-examine the behaviour of some among the better 
known diazoamino-compounds towards phenylcarbimide from the new standpoint in 
the hope of establishing other cases in which the initial diazocarbamide may be 
isolated. Our experiments suggest that by working in darkness and by selecting 
appropriate solvents, isomerism of the type which occurs in the camphor series may 
be revealed elsewhere.—M. O. F. 
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rather than: 
O,H,*N-N-N-CH, pe C,H,"N*N:N-CH, 
C,H,-N:°N O,H,°N:N 4 

and explain the production of nitrogen (1 mol.) and diazonium 
salt (1 mol.) by assuming the regeneration of the triazen. 

For the following reasons the evidence from the bisdiazoamino- 
compounds is not, in our opinion, of a character to overthrow the 
formula, X‘N:N-NH:C,H;, for the aliphatic-aromatic triazens. 

1. Dimroth and his colleagues have shown that the bisdiazoamino- 
derivative from phenylmethyltriazen and benzenediazonium salt is 
identical with the product from methylamine and two molecules of 
benzenediazonium salt, and that it is resolved by acids into one 
molecule of diazonium salt and one molecule of nitrogen along 
with aniline and methyl chloride. At first they were disposed to 
interpret this as proving that the bisdiazoamino-compound arises 
from methylamine in the following way: 

C,H;°N,Cl + CH,-NH,=C,H;"N:N-NH:CH,;+ HCl, 
C,H,-N:N-NH-CH, —> C,H,*NH-N:N-CH,, 
C,H,:N,Cl + C,H,-NH-N:N-CH,=C,H,"N(N,°C,H,)°N:N-CH, + HCl, 
and this appears to us a more reasonable explanation than to 
assume that the symmetrical bisdiazoamino-compound would yield 
only one molecule of diazonium salt. 

2. The unsymmetrical structure, CsH;*N(N,°C;H,)*N:N-CHsg, for 

the bisdiazoamino-derivative prepared from 
C,H;°N,Cl + C;H,-N;H’°CHs, 
and from 
C,H,-N,Cl+ C,H;*N,;H°CHs, 
and rejected by the quoted authors as involving migration of the 
R-N,-complex, in spite of its apparent sequence from the production 
of toluenediazonium chloride, aniline, nitrogen, and methyl chloride 
by the action of hydrochloric acid, is not so improbable as to be 
dismissed in face of this strong evidence supporting it, now that 
Dimroth’s own most interesting observations in the tribenzoyl- 
methane series (Dimroth and Hartmann, Ber., 1908, 41, 4012) have 
shown that a benzene-O-azo-compound may change into the isomeric 
benzene-C-azo-derivative on fusion. Moreover, the transformation 
of diazoaminobenzene into aminoazobenzene probably depends on 
a similar migration, which, if still repugnant, may be evaded or 
explained in the following manner : 
C,H,;N—N—N°CH, C,H,-N-N-N-CH, 
} —> var: 
N=N°C,H, [ N—N-0,H, 
C;H;N N—N-CH, 
n-F-CH, ° 


ors 
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representing the existence of an intermediate condition of the 
molecule, not materialised experimentally, where some play of force 
occurs between the two pairs of doubly linked nitrogen atoms. 

3. It is hardly consistent to base conclusions regarding the con- 
stitution of the bisdiazoamino-compounds upon the products of 
resolution by acids, when the products of resolving the triazens 
themselves, pointing as they emphatically do to the expression 
X-N:-N-NH°-C,H,, are ignored. 

A general survey of the evidence, then, appears to us firmly to 
establish the formula X-N:N-NH-C,H; for the aliphatic-aromatic 
triazens, and it is to be supposed that in the process of formation 
by coupling the diazonium salt and the primary amine, sufficient 
attraction for the hydrogen atom is exerted by the more negative 
phenyl group to effect the transformation: 


X:-NH-N:N-0,H, —> X-N:N-NH-C,H,. 


It is noteworthy that more than twenty years ago H. Goldschmidt 
and Molinari (Ber., 1888, 21, 2578) laid down this principle for 
aromatic diazoamino-compounds containing different radicles, while 
rejecting it for benzylphenyltriazen, because of the structure 
of the diazocarbamide obtained by the action of phenylcarbimide. 
We are inclined to the view that a closer examination of 
the aromatic triazens, X*N,H-Y, will show them also to be 
embraced by the generalisation in question, as claimed by 
Goldschmidt and Molinari, and, although aware that much experi- 
mental work has been recorded in opposition, we attach consider- 
able importance to the following considerations in support of it. 

1. The competition between two aryl groups for the hydrogen 
atom of the triazen chain being so much more evenly balanced 
than that occurring between an aromatic and an aliphatic residue, 
it is reasonable to suppose that environment is the dominant factor 
in phenomena which fail to distinguish between X-N-N-NH’Y and 
X:NH-N:N-Y 

2. The numerous cases of resolution by acids upon which current 
views regarding the constitution of aromatic diazoamino-compounds 
are based would appear, most frequently, to have been studied at 
temperatures ranging from that of the laboratory to 100°, instead 
of at zero, or below. It is highly significant that phenyl-a-naphthyl- 
triazen, whether prepared from a-naphthylazoimide and magnesium 
phenyl bromide, or from magnesium a-naphthyl bromide and 
phenylazoimide, should yield aniline and a-naphthalenediazonium 
chloride without naphthylamine when resolved by alcoholic hydro- 
chloric acid in a freezing mixture (Dimroth, Eble, and Gruhl, Joc. 
cit., 2401). 

3. There does not appear to have been recorded a case in which 
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two isomeric diazocarbamides have arisen by direct action of pheny]- 
carbimide on a diaryltriazen. 

In conclusion, it may perhaps be worth while to point out that 
the isomeric transformation of the diazocarbamide obtained by the 
direct’ action of phenylcarbimide on camphorylphenyltriazen con- 
stitutes fresh evidence as to the untrustworthy character of this 
agent in problems concerning the elucidation of structure (compare 
Michael, Ber., 1905, 38, 22). 


EXPERIMENTAL. 


Camphorylphenyltriazen (Camphordiazoaminobenzene), 
H-N:N-NH-C,H,. 
OH. <U “ Cs y 


An alkaline solution of aminocamphor was prepared by dissolving 
30 grams of the carbonate in dilute acetic acid, and adding 20 per 
cent. sodium carbonate; 10 grams of aniline were diazotised, and 
the liquid having been rendered alkaline with sodium carbonate, 
the ice-cold solutions were mixed. The appearance did not change 
at first, but a pale brown, flocculent precipitate followed the addition 
of 20 per cent. sodium carbonate, 250 c.c. of which were used; the 
solid product was augmented by dissolving 100 grams of crystal- 
lised sodium acetate in the liquid, which was filtered after half an 
hour. 

Throughout the coupling process the materials were protected 
from light, towards which the triazens are sensitive, and it was 
found more conducive to rapid filtration not to use the pump; the 
washed product was roughly dried on porous earthenware and 
dissolved in a small quantity of chloroform, from which the 
suspended water was removed by sodium sulphate, and on adding 
about five times its bulk of petroleum (b. p. 80—100°) to the dark 
brown, filtered solution, the triazen separated during spontaneous 
evaporation. Recrystallisation from a mixture of chloroform and 
petroleum gave well-defined, pale brown, centimetre-long prisms, 
the substance being obtained almost colourless by dissolution in 
boiling petroleum (60—80°), which deposits lustrous needles on 
cooling : 

0°1879 gave 25°6 c.c. Ny at 18° and 760 mm. N=15°74. 

C,,H,,ON, requires N =15°50 per cent. 

Camphorylphenyltriazen decomposes at about 150°, the tempera- 
ture varying according to the rate at which it is raised. It is 
slightly soluble in boiling water, which does not decompose it, but 
dissolves freely in cold methyl and* ethyl alcohols, ethyl acetate, 
acetone, chloroform, ether, or benzene, more sparingly in hot 
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petroleum; a solution containing 0°3907 gram, made up to 25 c.c. 
with chloroform, gave a, 0°35’ in the 2-dem. tube, whence [a], 18°6°. 

When covered with cold glacial acetic acid, the substance dis- 
solved, and slow liberation of gas began soon afterwards; with an 
alcoholic solution of picric acid, gas was evolved very slowly, the 
pale yellow solution rapidly becoming orange. On passing dry 
hydrogen chloride into an ethereal solution of camphorylpheny]l- 
triazen, bubbles of gas quickly appeared, along with a white pre- 
cipitate, which dissolved on adding water; the aqueous solution 
gave a negative result when poured into alkaline B-naphthol, con- 
taining only aniline hydrochloride, which was identified by con- 
version into acetanilide. Moreover, when rubbed with ice-cold 
hydrochloric acid, the crystals became viscous and intumesced, but 
the acid liquor did not develop a coloration with alkaline B-naphthol, 
and the addition of concentrated hydrochloric acid to a freshly 
prepared solution in glacial acetic acid was equally fruitless in this 
respect, although giving rise to vigorous effervescence. Further 
evidence as to the position of the mobile hydrogen atom was 
adduced by the indifference of an alcoholic solution towards 
m-phenylenediamine hydrochloride, which immediately reddens 
diazoaminobenzene, and also by the observation that a solution of 
camphorylphenyltriazen in phenol may be heated gradually until 
the decomposing point is reached without change of colour; finally, 
a solution of the substance in pyridine containing B-naphthol was 
heated to the boiling point without any indication of benzeneazo- 
B-naphthol being produced. 

The silver derivative arose from an attempt to methylate the 
triazen by leaving a solution in chloroform with silver oxide and 
methyl iodide in the dark room during three days; the filtered 
liquid was diluted with petroleum and allowed to evaporate spon- 
taneously, when a transparent, pale brown varnish remained. Cold 
acetone converted this into a crystalline paste, and, after recrystal- 
lisation from boiling acetone, greenish-yellow needles were obtained : 

0°1416 gave 0°0540 AgCl. Ag=28°72. 

CigH»ON;Ag requires Ag=28°57 per cent. 

The substance became dark brown at about 150°, afterwards 
blackening, and undergoing complete decomposition at 180°. 

We failed to transform the silver derivative into camphoryl- 
phenylmethyltriazen by the action of methyl iodide, and a similar 
want of success in connexion with phenylmethyltriazen is recorded 
by Dimroth (Ber., 1905, 38, 679); action appears to occur, but 
not in the direction anticipated. 


6 
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Camphordiazodiphenylcarbamide, © Cs Ta ae H 
Os 5 


Nine grams of freshly prepared, recrystallised camphorylphenyl- 
triazen, dissolved in 100 c.c. of benzene (dried with sodium), were 
left with 4 grams of phenylcarbimide in a stoppered vessel pro- 
tected from light; after forty-eight hours the odour of isocyanate. 
was not longer perceptible, and 11 grams of crystals had separated, 
the remainder of the product (1 gram) being precipitated by 
petroleum. Recrystallisation from hot petroleum (b. p. 60—80°) 
gave lustrous, colourless needles, melting with complete decom- 
position at 147°: 


0°1980 gave 25°4 c.c. Ny at 24° and 758 mm. N=14°35. 
Co3gH»g0,.N, requires N=14°36 per cent. 


The substance is freely soluble in cold chloroform, less readily 
in methyl and ethyl alcohols, benzene, ethyl acetate, or acetone, 
whilst boiling petroleum dissolves it very sparingly, nearly 1000 c.c. 
being required by 1 gram. Owing to the readiness with which it 
is transformed into the isomeride by acetone, pyridine, and the 
alcohols, the safest means of recrystallising it is extraction with 
hot petroleum, or precipitation from the benzene solution by cold 
petroleum. A solution containing 0°1002 gram, made up to 20 c.c. 
with dry pyridine, gave a, 1°33’ in the 2-dem. tube when examined 
immediately, rising to 2°7/ in twenty-four hours; this corresponds 
with [a], 154°7° for the substance itself, and indicates almost 
complete transformation into the isomeric carbamide within the 
period stated, [a], 211°4° instead of 220°6°. The carbamide 
becomes deep yellow when covered with cold concentrated hydro- 
chloric acid, but gas is not liberated until the temperature is raised, 
and the diluted liquid does not develop colour with, alkaline 
B-naphthol; furthermore, coupling does not occur in either acetic 
acid or pyridine. 

Resolution by Glacial Acetic Acid——When the substance is 
covered with cold glacial acetic acid, there is no change in 
appearance, and gae is not set free, but, on warming the liquid, 
dissolution occurs, brisk effervescence takes place, and crystals of 
diphenylcarbamide separate from the liquid; attempts to identify 
the form of the camphor residue have failed, the neutralised 
filtrate from diphenylearbamide yielding on steam distillation a 
pale yellow oil having a pleasant odour. On carrying out the 
above experiment in a flask communicating with a nitrometer, and 
sweeping out air by means of carbon dioxide, the amount of gas 
could be measured : 
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0°2383 gave 15°6 c.c. N, at 23° and 764 mm. N=7°4. 
Cy3Hog0.N, requires 4N=7°2 per cent. 
The diphenylcarbamide melted at 235° after recrystallisation, 
and gave N=13'1 per cent. (C;;H,,ON, requires N =13°2 per cent.). 


H:N:N-N:C,H 

Transformation of the Carbamide, CH < ho d O-NE-C H? 
ott; 

CH-N-N:N-O,H, 

CO CO-NH-O,H, 


Although the carbamide (m. p. 147°) which arises by direct 
action of phenylcarbimide on camphorylphenyltriazen readily loses 
nitrogen when warmed with glacial acetic acid, the element is not 
liberated when a solution in pyridine is raised to the boiling point. 
The change which takes place is the rearrangement indicated in the 
headline, and in order to accomplish this it is not even necessary 
to heat the solution, exposure to light during one to two days being 
sufficient. On diluting the pyridine largely with water, minute, 
felted needles are precipitated, having the same weight as the 
original material; recrystallisation from hot absolute alcohol, 
followed by glacial acetic acid, raises the melting point to 209°, 
when complete decomposition takes place: 

0°2134 gave 27°3 c.c. N, at 24° and 763 mm. N=14'40. 

CogHog0.N, requires N=14°36 per cent. 

The substance is freely soluble in cold pyridine, moderately in 
cold ether or benzene, and in boiling acetone, chloroform, ethyl 
acetate, methyl alcohol, and ethyl alcohol, crystallising in minute, 
snow-white needles. A solution containing 0°1020 gram, in 20 c.c. 
of dry pyridine, gave a, 2°15’ in the 2-dem. tube, whence 
[a], 220°6°. 

Resolution by Acids.—The transformed diazocarbamide is much 
more resistant towards acids than the original material, being able 
to withstand the action of boiling acetic acid; moreover, dry 
hydrogen chloride has no effect on the substance suspended in 
ether at 20°. Hydrolysis was brought about, however, by warm 
mixtures of hydrochloric or nitric with glacial acetic acid, and by 
50 per cent. sulphuric acid with a few drops of alcohol, benzene- 
diazonium salt being produced in each case. Owing to an 
unexpected difficulty, the resulting camphorylphenylcarbamide 
could not be obtained in crystalline form, the result of neutralising 
the acid liquid being, in each case, a viscous oil, which was trans- 
formed into a hard resin by continued action of aqueous potassium 
hydroxide. The reason for this was not discovered until an 
attempt was made to prepare camphorylphenylcarbamide from 


into the Isomeride, C,Hy,< 
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aminocamphor and phenylcarbimide (see below), but there was no 
difficulty in establishing the production of benzenediazonium salt, 
the diluted solution of hydrolysed diazocarbamide, when filtered 
from camphorylphenylcarbamide, giving a bulky precipitate of 
benzeneazo-8-naphthol, which was recrystallised and identified. 


Action of Phenylcarbimide on Aminocamphor. 


On adding phenylearbimide to a moderately concentrated 
ethereal solution of aminocamphor, the resulting action was suffi- 
ciently vigorous to boil the solvent; when the odour of isocyanate 
was no longer perceptible, the honey-like mass deposited on 
evaporating the ether was dissolved in glacial acetic acid and 
precipitated with water in order to remove excess of aminocamphor. 
All attempts to crystallise the substance having failed, we suspected 
the presence of two isomeric carbamides, similar to those produced 
by the action of potassium cyanate on aminocamphor hydro- 
chloride (Trans., 1905, 87, 110), and the oily mixture in the latter 
case having been transformed into the crystalline y~-carbamide by 
the action of hot aqueous potassium hydroxide, the gummy mass 
from aminocamphor and phenylcarbimide was digested on the 
water-bath during eight hours with 10 per cent. aqueous potassium 
hydroxide, treatment which had the desired effect. The hard, 
friable cake was finely powdered, washed with water, dried in air, 
and covered with a small quantity of cold methyl alcohol, in which 
it dissolved freely, but immediately separated in crystals containing 
one molecule of the solvent. Finally, the substance was recrystal- 
lised twice from methyl alcohol, and heated in the steam-oven 
during twelve hours: 

0°2871 gave 25°0 c.c. N, at 20° and 763 mm. N=10°00. 

C,,H,0,N, requires N=9°78 per cent. 

Camphorylphenyl-p-carbamide melts at 152°. It is freely soluble 
in cold methyl and ethyl alcohols, benzene, chloroform, ethyl 
acetate, and acetone, but dissolves very sparingly in boiling 
petroleum, which deposits minute, white needles on cooling; the 
crystals from methyl alcohol are lustrous, transparent, clear-cut 
prisms, which become sticky in the desiccator, and retain the 
solvent after seven days: 

0°3859 gave 30°7 c.c. N, at 20° and 767 mm. N=9°18. 

C,H ,0,N,,CH,O requires N =8°80 per cent. 

In this form the substance sinters at about 60°, remaining pasty 
until 90° is reached, when it becomes opaque, and finally melts 
at 152°. 

A solution containing 0°2008 gram (m. p. 152°), made up to 
VOL. XCV. 6 U 
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20 c.c. with chloroform, gave a, 0°15’ in the 2-dem. tube, whence 
[a],, 12°4°, this low figure recalling that of camphoryl-y-carbamide 
(loc. cit.). The action of nitrous acid appears to indicate the 
pseudo-form in preference to the normal, giving rise to an unstable 
nitroso-derivative; this compound will be investigated further, as 
the product of reduction should be interesting. 


Camphoryl o-nitrophenyliriazen (Camphordiazoamino-o-nitrobenzene), 
‘HN: N-NH- ‘NO. 
OH<he N:N:NH°-C,H,NO, (0) 


Fifteen grams of aminocamphor carbonate were dissolved in 
dilute acetic acid at zero, treated with 7 grams of o-nitroaniline 
which had been diazotised in a mixture of acetic and hydrochloric 
acids, and then with excess of crystallised sodium acetate; no 
precipitation took place until sodium carbonate was added, when 
the diazoamino-compound separated as a yellow powder. On adding 
water to a solution of the substance in acetone, golden-yellow 
leaflets crystallised ; the melting point was somewhat indefinite, gas 
being evolved at about 120°: 

0°1115 gave 17°2 c.c. N, at 17° and 767° mm. N=17°84. 

C,¢H.yO3;N, requires N=17°72 per cent. 

The diazoamino-compound is moderately soluble in cold methyl 
and ethyl alcohols, dissolving freely in acetone, chloroform, benzene, 
or ethyl acetate; it is only slightly soluble in cold petroleum, and 
crystallises from the hot solvent in clusters of yellow, lustrous 
needles. A solution containing 0°1064 gram, made up to 25 c.c. 
with chloroform, gave a,—2°4/ in the 2-dem. tube, whence 
[a], —242°8°. ; 

Glacial acetic acid dissolves the triazen readily without liberating 
gas, but on adding one drop of dilute hydrochloric acid to the 
solution, brisk effervescence sets in; neither with dilute nor con- 
centrated hydrochloric acid was there the slightest indication of 
a diazonium salt being produced. 


Camphoryl-m-nitrophenyltiriazen (Camphordiazoamino-m-nitrobenzene), 
CH:N:N:-NH°C,H,: 
OH<he N:N:NH°C,H,°NO, (m) 


The coupling was effected as in the previous case, and the product 
separated very slowly in the form of a pale yellow precipitate; the 
drained substance was dissolved in cold acetone, from which a 
felted mass of fawn-coloured needles crystallised on dilution with 
water. After recrystallisation from a mixture of benzene and 
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petroleum, the melting point was somewhat indefinite, decom- 
position occurring in the neighbourhood of 122°: 

0°1175 gave 18°0 c.c. N, at 17° and 764 mm. N=17°87. 

CygH)O3N, requires N =17°72 per cent. 

The substance is freely soluble in methyl and ethyl alcohols, 
acetone, chloroform, or ethyl acetate, less readily in benzene; 
petroleum dissolves it on warming, but not freely, the diazoamino- 
compound separating in lustrous needles. Cold glacial acetic acid 
dissolves it very readily without liberating gas, but a minute 
quantity of mineral acid added to this liquid sets up immediate 
effervescence. On treating the substance with cold concentrated 
hydrochloric acid, gas is rapidly liberated, but neither the liquid 
nor the original substance gives the slightest indication of a con- 
densation product when mixed with an alkaline solution of 
B-naphthol. 

Although the colour of the purified solid is very pale, a solution 
containing 0°5 gram in 100 c.c. of chloroform was too dark to 
transmit yellow light in the 2-dem. tube, and on diluting to 
.400 c.c., when readings in the polarimeter could be made, no 
rotation was discernible. 


Camphoryl-p-nitrophenyltriazen (Camphordiazoamino-p-nitrobenzene), 
CH:N:N-NH:C,H,:NO, 
sH< d 0 64 2 (p) 

Fifty c.c. of aminocamphor hydrochloride solution, containing 
about 15 grams of the base, were treated with crystallised sodium 
acetate in excess, and mixed with an acetic acid solution of diazo- 
tised p-nitroaniline prepared from 6 grams of the base. Precipita- 
tion did not take place in the ice-cold liquid until 20 per cent. 
sodium carbonate had been added in considerable excess, the pale 
yellow solid being filtered and washed after about one hour in the 
dark room. The roughly-dried substance was made into a paste 
with a small quantity of cold acetone, which developed an intense 
magenta-coloured solution, and freed the compound from associated 
water; on dissolving the drained material in a further quantity 
of acetone and diluting with water until crystals appeared, pale 
yellow, felted needles were obtained, melting at 167° with vigorous 
intumescence : 

0°2058 gave 32°2 c.c. Ny at 24° and 771 mm. N=17°81. 

Ci¢Ho)O,N, requires N=17°72 per cent. 

The substance is moderately soluble in cold methyl and ethyl 
alcohols and in cold acetone, dissolving more freely in ethyl acetate ; 
it is insoluble in petroleum, and only moderately soluble in boiling 
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benzene, forming a solution which is almost colourless and deposits 
very pale yellow, lustrous prisms on cooling. When covered with 
a small proportion of cold pyridine, the substance dissolves, but 
the liquid sets immediately to a hard mass, no doubt containing 
pyridine of crystallisation. A solution prepared from 0°1089 
gram, made up to 25 c.c. with chloroform, gave a, 1°0/ in the 
2-dem. tube, whence [a], 114°8°. 

The triazen does not effervesce with cold glacial acetic acid, but 
it. is decomposed immediately by hydrochloric acid; the liquid, 
however, does not develop a coloration with alkaline B-naphthol. 
On adding 2 c.c. of concentrated hydrochloric acid to 0°5 gram 
of the substance suspended in 4 c.c. of glacial acetic acid, steady 
liberation of gas took place, and a brown solution was formed, 
yielding an oil on dilution with water; we have failed to identify 
this product, which always accompanies nitrogen and_ the 
appropriate aromatic derivative when the unmethylated triazen 
derivatives are decomposed by acid, but p-nitroaniline was isolated 
from the acid liquid after removing the camphor residue with 
ether. 

When rubbed with concentrated aqueous potassium hydroxide, 
the substance becomes pale brown, the colour being destroyed on 
dilution, but if the triazen is heated with aqueous alkali. a faint 
odour of camphor becomes perceptible, and an intense violet 
coloration is developed’on dilution. These changes are probably 
due to the formation of an insoluble potassium derivative, which 
is readily dissociated by water and is decomposed on heating; 
potassium hydroxide develops a deep red coloration in an alcoholic 
solution of the triazen, whilst on warming the liquid for a few 
moments, and then adding water, a very intense but transient 
violet colour appears. 

Unsuccessful attempts have been made to methylate this com- 
pound by the action of methyl sulphate in presence of alkali, and 
by heating with methyl iodide and alcoholic potassium hydroxide 
or silver oxide. Similar resistance was displayed towards benzoyl 
chloride. 


Camphoryl-p-methoxyphenyltriazen (Camphordiazoamino-p-methoxy- 


benzene), ua (2) 


Ten grams of aminocamphor carbonate were dissolved in dilute 
acetic acid, and treated with an acid solution of p-methoxybenzene- 
diazonium chloride (from 5 grams of p-anisidine), to which con- 
siderable excess of crystallised sodium acetate had been added; 
the liquid remained clear, and even on treatment with sufficient 
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sodium carbonate to give strong alkalinity there appeared only a 
turbidity. During twenty-four hours in the ice-chest, however, 
there separated a pale brown, crystalline precipitate, which was 
dissolved in cold acetone and reprecipitated with water; on adding 
light petroleum to the solution in cold benzene, lustrous, colourless, 
six-sided leaflets crystallised, melting and decomposing at 142°: 
0°2895 gave 0°7217 CO, and 0°2020 H,O. C=67°99; H=7°75. 
0°1928 ,, 24°2 cc. N, at 22° and 765mm. N=14° 31. 
C,,H,,0,N, requires C=67'77 ; H=7°64; N=13°95 per cent. 

The triazen dissolves freely in acetone or chloroform, less readily 
in methyl and ethyl alcohols and in benzene; it is moderately 
soluble in boiling petroleum, from which it crystallises on cooling 
in colourless, transparent, six-sided plates. A solution containing 
0°2100 gram, made up to 25 c.c. with chloroform, gave a, 0°50’ in 
the 2-dem. tube, whence [a], 49°0°. 

The behaviour of the substance towards hydrochloric acid is 
noteworthy. When this agent is added to a solution in glacial 
acetic acid, gas is liberated immediately, and the product does not 
give any marked indication of coupling with alkaline B-naphthol, 
but if the solid material is covered with concentrated hydrochloric 
acid, there is no perceptible evolution of gas, and after a few 
minutes’ contact, mixing with alkaline B-naphthol develops a bright 
red coloration; when heated with the acid, gas is set free, and the 
product also develops colour with alkaline B-naphthol. This 
experiment suggests that the triazen undergoes limited transforma- 
tion in the direction: 

C H: 
Ww C,H,°O-CH, 


CH-NH-N:N:C,H,°0°CH, 
CHi< bo 


under the influence of mineral acid at the elevated temperature 
necessary to effect the normal decomposition; if this explanation 
is correct, it is not surprising to find the products of decomposing 
both aryldiazo-groups when diaryltriazens are resolved by hot 
mineral acids. 


Camphoryl-p-bromophenyltriazen (Camphordiazoamino-p-bromobenzene), 
Ma ee me 


On adding p-bromobenzenediazonium chloride (from 8 grams of 
p-bromoaniline) in dilute acetic acid to aminocamphor carbonate 
(15 grams), which had been converted into a dilute solution of the 
acetate, the liquid remained clear until free acid was removed by 
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sodium carbonate, when a faint turbidity appeared, gradually 
increasing during twenty-four hours at zero in the dark room; 
even then the separation of the diazoamino-compound was not 
complete. The substance was precipitated from cold acetone by 
adding water, and then recrystallised by diluting the solution in 
benzene with petroleum, when colourless needles separated, melting 
and decomposing at 152°: 

0°3002 gave 31°25 c.c. N, at 20° and 760 mm. N=11°90. 

C,sH,ON;Br requires N=12°00 per cent. 

The compound is freely soluble in methyl and ethyl alcohols, 
acetone, ethyl acetate, or chloroform, less readily in benzene, and 
only sparingly in boiling petroleum; a solution containing 0°2290 
gram, made up to 25 c.c. with chloroform, gave a, 1°9/ in the 
2-dem. tube, whence [a], 62°79. 

It is not decomposed by concentrated hydrochloric acid until 
the liquid is warmed, when gas is liberated, but the test for a 
diazonium salt gave a negative result. 


Camphorylphenylmethyliriazen (Benzenediazomethylaminocamphor), 
CH:N(CH,)-N:N-C,H 
CH i<bo (C 3) C, 5. 

Nine grams of methylaminocamphor were suspended in water 
by adding sodium carbonate to a dilute solvtion of the hydro- 
chloride, and in presence of much ice, treated with a dilute solution 
of benzenediazonium chloride prepared from 4 grams of aniline, 
to which, after diazotisation, considerable excess of a 20 per cent. 
solution of sodium carbonate had been added. On stirring with 
crystallised sodium acetate, a pale brown, sticky mass adhered 
to the glass, so that the liquid from which it separated could be 
poured away; rubbing with cold alcohol caused the product to 
become crystalline, and, after drainage, and double repetition of 
this treatment, the substance was dissolved in cold acetone, from 
which, on adding water, it crystallised in brilliant, pale brown 
prisms, melting at 98° without evolving gas: 

6°1573 gave 20°4.c.c. N, at 17° and 763 mm. N=15'1l1. 

C,,H,,ON; requires N=14°74 per cent. 

The triazen is freely soluble in acetone, and dissolves readily in 
cold alcohol and in petroleum; a solution containing 0°2161 gram, 
made up to 20 c.c. with chloroform, gave a, 5°5/ in the 2-dem. 
tube, whence [a],, 235°2°. In behaviour towards mineral acid it 
distinguishes itself sharply from the class of triazens just described, 
being soluble in cold concentrated hydrochloric acid without losing 
nitrogen, and, on pouring the liquid into an alkaline solution of 
B-naphthol, the deep red azo-compound is precipitated : 
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0°1834 gave 0°1612 C,H,;°-N.°C,,H,O. C,H;"N,=37°2. 
0°2464 ,, 0°2148 C,H;°N,°C,,H,O. C,H,;-N,=36°9. 
C,H;°N.°C,,H,,ON requires C,H;*-N,=36°8 per cent. 

The scission by acid is thus practically quantitative, the azo- 
compound melting at 129° and 133° before and after recrystal- 
lisation respectively. The diazonium complex is not eliminated, 
however, when a solution of camphorylphenylmethyltriazen in dry 
pyridine containing B-naphthol is heated to the boiling point. 


Camphoryl-o-nitrophenylmethyltriazen (o-Nitrobenzenediazomethylamino- 
; N:N-C.H.N 
cong OH N(CH,)-N:N:C,H,°NO, (0) 
O 

The coupling proceeded in the expected fashion, the product 
becoming somewhat sticky during filtration, but returning to the 
solid state on treatment with a small quantity of cold alcohol; 
recrystallisation from warm petroleum (b. p. 60—80°) gave lustrous, 
yellow needles, melting at 116° without evolving gas: 

0°1246 gave 18°8 c.c, N, at 18° and 753 mm. N=17°26. 

C,,H»,0O3N, requires N=16°96 per cent. 

The triazen crystallises readily from methyl and ethyl alcohols, 
being only moderately soluble in the cold media; acetone, benzene, 
ethyl acetate, and chloroform dissolve it freely, but it is only 
slightly soluble in cold petroleum. A solution containing 0°2353 
gram, made up to 25 c.c. with chloroform, gave a, 5°40’ in the 
2-dem. tube, whence [a], 301°0°. 

On adding concentrated hydrochloric acid to the pale yellow 
solution in glacial acetic acid, the colour is immediately destroyed, 
owing to the formation of the colourless hydrochloride, the stability 
of which is indicated by the fact that on mixing the liquid with 
alkaline B-naphthol the colour is very faint; when the dry sub- 
stance is covered with concentrated hydrochloric acid, it forms a 
colourless solution, which does not effervesce, but deposits the 
hydrochloride in crystals, and only after gently warming the liquid 
is the intense red azo-compound developed with alkaline B-naphthol. 


Camphoryl-m-nitrophenylmethyliriazen (m-Nitrobenzenediazomethyl- 
H:N “N:N- “NO. . 
aminocamphor), OF<h, (CH,) C,H, NO, (m) 


The initial product of coupling m-nitrobenzenediazonium chloride 
and methylaminocamphor was almost colourless, but became red 
and sticky during filtration, and after dissolution in cold alcohol 
crystallised only very slowly; it was necessary to recrystallise the 
substance several times from alcohol and petroleum, employed 
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alternately, before the melting point was constant, when lustrous, 
silky, yellow needles were deposited from the latter solvent, melting 
at 81—-82° without evolving gas: 

0°1292 gave 19°3 c.c. N, at 16° and 751 mm. N=17°19. 

C,, H,,0,N, requires N=16°96 per cent. 

The substance is freely soluble in cold acetone, ethyl acetate, 
chloroform, or benzene, dissolving readily in hot alcohol and in 
petroleum ; although pale yellow in the solid state, the hydrocarbon 
solutions are colourless. A solution containing 0°1239 gram, made 
up to 25 c.c. with chloroform, gave a, 1°48’ in the 2-dcm. tube, 
whence [a], 181°6°. 

When rubbed with concentrated hydrochloric acid, the compound 
is transformed into a colourless, gelatinous hydrochloride, which 
dissolves on being gently warmed; the liquid then develops a deep 
orange precipitate with alkaline B-naphthol- 


Camphoryl-p-nitrophenylmethyltriazen (p-Nitrobenzenediazomethylamino- 
ommajhen, OH <n N(CH,)-N:N°C,H,°NO, (p) 
O 

This compound separated as a yellow, flocculent precipitate on 
adding sodium carbonate to the mixture of methylaminocamphor 
and diazonium salt in dilute acetic acid; after crystallisation from 
dilute acetone, which deposited the substance in pale yellow, silky 
needles, it melted at 150° without evolving gas: 

0°1761 gave 25°7 c.c. N, at 20° and 767 mm. N=16°85. 

C,,H,0,N, requires N=16°96 per cent. 

The triazen is freely soluble in cold acetone, chloroform, benzene, 
or ethyl acetate, less readily in methyl and ethyl alcohols and in 
hot petroleum, the solution in the last-named being colourless. A 
solution containing 0°2359 gram, made up to 20 c.c. with chloro- 
form, gave a, 7°20! in the 2-dem. tube, whence [a], 310°8°. 

The yellow solution in glacial acetic acid becomes colourless on 
adding concentrated hydrochloric acid, but there is no liberation 
of gas, and, after warming gently, the liquid develops an intense 
red colour with alkaline 8-naphthol: 

0°1952 gave 0°1804 NO,°C,H,°N,°C,,H,O. NO,°C,H,:N,=47°3. 

0°1971 ,, 0°1796 NO,°C,Hy°N.°C,,H;O. NO,°C,HyN,=46'6. 

NO,°C, Hy N.°C,,H,,ON requires NO,°C,H,-N,=45°4 per cent. 

The azo-compound decomposed at 247° and 249° before and after 
recrystallisation respectively. 

Two grams of the p-nitro-compound were dissolved in a mixture 
of glacial acetic and concentrated hydrochloric acids, and heated 
on the steam-bath until nitrogen ceased to appear; on diluting 
with water, there separated a crystalline precipitate of p-chloro- 
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nitrobenzene, more of which was obtained by extracting the filtrate 
with ether. After distillation in steam, the substance melted at 
82—83°, whilst the residue in the flask contained a very small 
quantity of p-nitrophenol; methylaminocamphor was recovered 
from the acid liquid, and identified as the picrate, m. p. 188°. 

The pronounced tendency towards salt-formation, which charac- 
terises the series of triazen derivatives from methylaminocamphor, 
and which helps to distinguish them from the class referred to 
aminocamphor itself, has been studied in the case of the p-nitro- 
compound by adding to an ethereal solution of the triazen sufficient 
acid dissolved in ether to precipitate the colourless salt, which was 
then filtered, washed with dry ether, and preserved in the desiccator, 
where no change in appearance has been observed during the lapse 
of six months. 

The hydrochloride melts and decomposes at 146°: 

0°2462 gave 0°0959 AgCl. Cl=9°61. 

C,,H,.0,N,,HCl requires Cl=9°66 per cent. 

The sulphate melts and decomposes at 151°: 

0°4185 gave 0°1298 BaSO,. S=4°25. 

_ (Cy7Hg03N4)o,H,SO, requires S=4°22 per cent. 

The nitrate melts and decomposes at 124°: 

0°0978 gave 15°2 c.c. N, at 18° and 760 mm. N=17°95. 

C,,H»0,N,,HNO, requires N=17°81 per cent. 

On decomposing these salts with dilute ammonia, unaltered 

camphoryl-p-nitrophenylmethyltriazen was recovered. 


Camphoryl-p-methoxyphenylmethyltriazen (p-Methoxybenzenediazomethyl- 
CH-N(CH;,)-N-N-C,H,"0-CH, (p) 
CO ; 

The diazoamino-compound separated on adding sodium carbonate 
to the mixture of diazonium salt and methylaminocamphor, and 
was crystallised twice from warm dilute alcohol, which deposited 
flat, lustrous, colourless needles, melting at 74° without evolving 
gas: 

0°1654 gave 19°2 c.c. N, at 18° and 763 mm. N=13°46. 

C,3H,;O,.N; requires N=13°33 per cent. 

The substance is freely soluble in all the ordinary organic media, 
including petroleum; a solution containing 0°1862 gram, made up 
to 25 c.c. with chloroform, gave a, 3°28/ in the 2-dem. tube, 
whence [a], 232°7°. 

When covered with cold concentrated hydrochloric acid, the 
compound is immediately dissolved without losing nitrogen, and, 
on gently warming the liquid and pouring it into alkaline 
B-naphthol, the intense red azo-compound is produced. 


aminocamphor), C,H,,< 
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Camphoryl-p-bromophenylmethyltriazen — (p-Bromobenzenediazomethyl- 


CH-N(CH,):N:N:C,H,B 
aminocamphor), C,H, < d 0 (CHs) gHt,br (p) 


Precipitation of the diazoamino-compound from p-bromobenzene- 
diazonium chloride and methylaminocamphor in presence of sodium 
carbonate appeared to be complete after two hours in the dark 
room; the granular material became somewhat sticky during 
washing, but was restored to condition by rubbing with cold 
alcohol. After recrystallisation from this medium, the substance 
was dissolved in petroleum, which deposited tough, pale pink 
needles, melting at 112°, along with clear-cut, transparent, colour- 
less prisms, melting at 121°, a mixture of the two modifications 
melting at 90°. The two forms were sorted by hand, and recrystal- 
lised separately without alteration in the temperature of fusion ; 
they gave approximately the same results on analysis: 

0°4830 (needles) gave 0°2540 AgBr. Br=22°37. 

0°6843 (prisms) gave 0°3556 AgBr. Br=22°11. 

C,;H..ON,Br requires Br=21°98 per cent. 

Both substances dissolve readily in ordinary solvents, and the 
difference between them was first attributed to ditnorphism until it 
was found that their effects on polarised light are almost antipodal ; 
a solution containing 0°2246 gram (needles, m. p. 112°), made up 
to 25 c.c. with chloroform, gave a, 3°55/ in the 2-dem. tube, whence 
[a],, 218°0°, whilst 0°2253 gram (prisms, m. p. 121°), under similar 
conditions, gave a, —4°17’, corresponding to [a],,—232°1°. In spite 
of this remarkable difference, the two substances behave alike 
towards hydrochloric acid, undergoing the resolution characterising 
this class of triazens, and consequently developing an intense red 
colour when the diluted liquid is poured into alkaline B-naphthol. 

It is noteworthy that the investigation of bromodiazoamino- 
benzene in the hands of Hantzsch and F. M. Perkin (Ber., 1897, 
30, 1394) brought to light a pair of modifications behaving alike 
in every chemical respect, but differing from one another in melting 
point; a similar phenomenon was noticed in connexion with the 
p-chloro-derivative, but not among the nitro-compounds. The 
explanation to which Hantzsch and Perkin were impelled repre- 
sented the normal and abnormal (lower melting) forms by the 
expressions : 

‘C,H;"N:N-NH-C,H,X and C,H;-NH-N:N-C,H,X, 
and although phenylcarbimide furnished in each case the same 
diazocarbamide, 


H,X 
H,'N:N-N<_-° 4 
Cols ee 
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it was supposed that the agent, previously to combination, trans- 
formed the labile, more fusible modification into the “ normal ” 
isomeride (loc. cit., 1406). It will be noticed, however, that in the 
case of camphoryl-p-bromophenylmethyltriazen, this explanation 
would not apply, there being no available hydrogen in the triazen 
chain ; moreover, both forms give diazonium salt on treatment with 
acid, behaviour which eliminates the possibility of the methyl group 
having wandered. We hope to return to this subject later, because 
there are two remaining contingencies to be considered. It might 
be that in these halogen derivatives of the triazen nucleus, cases 
have been brought to light in which isomerism of the type 
encountered among the oximes has been realised, represented by 
the formule: 


X-NH:N X:-NH-N 
= and ae 
YN N-Y 


The alternative explanation would apply to the camphoryl- 
triazens, but not to the benzenoid ones, and depends on the fact 
that aminocamphor and methylaminocamphor, arising by reduction 
of zsonitrosocamphor and its NV-methyl ether respectively, should 
occur in two forms, cis and trans, corresponding with bornylamine 
and neobornylamine from camphoroxime. Only one form has yet 
been noticed, and there seems to be no particular reason why, 
among the numerous changes to which these bases and their 
derivatives have been submitted, coupling with p-bromobenzene- 
diazonium chloride should exert such marked selective action. 

As in the case of the p-nitro-compound, salts were prepared from 
the modification of camphoryl-p-bromophenylmethyltriazen which 
melts at 112°. 

The hydrochloride melts and decomposes at 130°: 

0°2859 gave 0°0995 AgCl. Cl=8°59. 

C,,H,,ON;Br,HCl requires Cl=8°84 per cent. 

The sulphate melts and decomposes at 153°: 

0°5878 gave 0°1638 BaSO,. S=3°83. 

(C,,H2ON3Br).,H,SO, requires S=3°87 per cent. 
The nitrate melts and decomposes at 137°: 
0°1448 gave 16°8 c.c. N, at 17° and 763 mm. N=13°52. 
C,,H,,ON;,Br,HNO, requires N=13°11 per cent. 

On decomposing these salts with aqueous sodium carbonate, the 

original triazen (m. p. 112°) was recovered. 
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CCOXXV.—The Triazo-group. Part X. Triazoantipyrii.e. 
By Martin Onstow Forster and Rospert MULteEr. 


Recoenisine that 4-triazo-l-phenyl-2: 3-dimethylpyrazolone (tri- 
azoantipyrine), 

N(CH;)-C-CH, 

oH, * 

would present a type of triazoketone distinct from those which have 
been already investigated (Trans., 1905, 87, 826; 1908, 93, 72 and 
669), we prepared the substance by the action of hydrazoic acid on 
antipyryldiazonium sulphate. The structural features which give 
it interest are, in the first place, absence of hydrogen from the 
neighbourhood of the triazo-group, with the consequent uncertainty 
as to the behaviour of this complex under the influence of carbonyl 
in the ortho-position, and, secondly, the unsaturated linking by 
which the triazotised carbon atom is associated with the next 
member of the ring. 

The former of these peculiarities no doubt underlies the 
indifference of triazoantipyrine towards alkali, which does not 
liberate two-thirds of the azidic nitrogen, and thus distinguishes 
the substance from those ketonic azoimides which possess the group 
N,*CH:CO in common. The most conspicuous property of triazo- 
antipyrine, however, is the spontaneous loss of nitrogen which 
occurs in the crystalline material with lapse of time, an alteration 
which takes place very rapidly in the dissolved state, the straw- 
coloured liquid quickly becoming deep red. It has not been 
possible to characterise the resulting azoantipyrine very sharply, 
but as the change in question is an unusual point in the chemistry 
of the triazo-group, we think it deserves to be recorded. The 
choice between the formulz: 


// N(CH) eb 


and 

\co—'7" 

N(CH,)-C-CH, "itil N(CH,) 

C,H NC » -O,H 

CO C-N. a 
for azoantipyrine cannot be made decisively, because all attempts 
to crystallise the substance have failed, and therefore we do not 
feel justified in attaching importance to the determinations of 
molecular weight. Although the second expression would be in 


conventional accordance with the structure of benzenoid azo- 
compounds, the production of 1-hydroxy-5-phenyltetrazole from 


C,H, N< 


C,H,'N 
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the hypothetical benzhydroximic azide (this vol., 
Wieland, Ber., 1909, 42, 4199): 
C,H,-C—N C,H,-C—N 
| om 
HON NAN > Ho-N—n?™ 
so far resembles the rearrangement involved in the change: 


N(CH,)-C-CH, N — C(CH,)'N 
oat ' . 
i — ng OO OR ae 


as to bring rd simpler constitution within the range of probability. 
On the other hand, it is reasonable to suppose that the bicyclic 
structure just represented, in which an osotriazole ring is associated 
with a pyrazolone, would not be so unstable as to suffer immediate 
loss of nitrogen, and this circumstance, in conjunction with the 
colour of the substance and its amorphism, incline us to prefer 
the constitutional formula which is analogous to that of azobenzene. 
Somewhat indirectly, perhaps, the present subject bears on the 
mechanism of diazotisation, inasmuch as it adds one more to the 
small, but significant, group of facts which go to show that the 
change in question is not confined to benzenoid substances. The 
observation that aminoantipyrine may be diazotised under con- 
ditions similar to those attending the production of benzene- 
diazonium salts was made several years ago (Knorr and Stolz, 
Annalen, 1896, 298, 68), but does not appear to have received 
the attention it deserves in connexion with the constitution of 
diazonium salts. Among other non-benzenoid cyclic systems known 
to furnish diazonium salts may be mentioned the triazole and 
tetronic acid rings, Thiele and Manchot (Annalen, 1898, 308, 33) 
having shown that aminotriazole and aminomethyltriazole: 


NH: N 
NH, oc NS and NH, "C<y th. CH, 


behave like aniline towards nitrous acid, whilst Wolff and 
Liittringhaus (Annalen, 1900, $12, 133) transformed aminotetronic 
acid into a diazo-oxide: 
HO:-C-CH O-C-CH, 
Mm a I< 
nH,c-cor? = >) NX x. 97° 


184 ; compare also 


which develops a colouring matter with alkaline a-naphthol. 
Moreover, other diazoanhydrides, described by Wolff and his 
collaborators (Annalen, 1902, $25, 129), have been represented as 
arising from aliphatic amines, but although the author quoted 
regards these compounds as analogous to the diazo-oxide from 
tetronic acid, the latter of the two formulz: 

O- C CH, OC-CH, 


N<y.dcor 4 N>U-OR 
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must, in the opinion of many chemists, be regarded as agreeing 
more completely with the properties of the substances, and has the 
advantage of bringing them into line with ethyl diazoacetate. 

Excluding these somewhat doubtful substances, therefore, three 
well-established cases remain in which a non-benzenoid cyclic system 
has been transformed into a diazonium salt, and an attempt must 
be made to bring the fact into harmony with the more familiar 
occurrences of diazotisation, particularly since Cain’s theory (Trans., 
1907, 91, 1049) has lifted into greater prominence the seeming 
dependence of the diazonium structure on a benzenoid host. From 
this standpoint it is noteworthy that in the amino-compounds 
derived from the pyrazolone, triazole, and tetronic acid rings, the 
immediate environment of the diazotisable nitrogen is to this 
extent similar, that the carbon atom which carries the amino-group 
is doubly linked with a neighbouring member of the ring system: 

NH,°C—C NH,"C—N 
(Pyrazolone and tetronic acid.) (Triazole.) 

The underlying principle of Cain’s theory is recognition of the 
possibility that diazonium salt formation involves participation of 
the carbon atom in the para-position with respect to the amino- 
group, and the consequent production of a hemi-quinone. The 
exclusion of this possibility in the case of the five-membered ring- 
systems under discussion leads apparently to one of two alternatives, 
either the abandonment of Cain’s theory, or the adoption of the 
extension thereto proposed by Morgan and Micklethwait (Trans., 
1908, 98, 617). Of these conclusions, we prefer the latter. There 
is so much to be said in favour of regarding diazotisation as 
depending on the residual affinity of the complex to which the 
amino-group it attached that a return to Blomstrand’s formula 
seems retrograde. The adroit inclusion of the ortho-position by 
Morgan and Micklethwait would render diazotisable those amino- 
derivatives of rings in which a double linking associates the ortho- 
member. In the benzenoid series, the participation of the ortho- 
position is doubtless one phase only; in the diazonium salts of 
pyrazolone, tetrazole, and tetronic acid derivatives, it is probably 
static, the formule: 


/NCH)C(CH,)— / NH-O=NCl 
C,H,°N |, NX | , and 
\co——c=yercn’ cH-N—N 

CH,-C(OH)—— 
90H) 


\co—C=NCIF=N 
representing the diazonium chlorides, respectively. 
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EXPERIMENTAL. 


4-Triazo-1-phenyl-2 : 3-dimethylpyrazolone (Triazoantipyrine), 
N(CH,)°C-CH 
—_— lind . 

Aminoantipyrine sulphate was prepared by hydrolysing the 
benzylidene compound (8°8 grams), suspended in ether, with aqueous 
sulphuric acid (6 grams diluted to 50 c.c.), and freed from benz- 
aldehyde by two subsequent extractions ; ether having been removed 
from the acid liquid, this was transferred to the dark room, 
diazotised, and treated with excess of sodium azide (2°5 grams 
instead of 1°95). Vigorous effervescence ensued, and in presence of 
a large proportion of crushed ice the triazo-compound separated 
in pale yellow leaflets, insufficient cooling leading to an oil which 
rapidly solidified. The roughly-dried substance was dissolved 
without delay in cold benzene, with which it appears to combine, 
the solution being diluted with petroleum, when lustrous, flat, 
straw-coloured crystals were deposited, sometimes attaining an inch 
in length; on transferring the substance to porous earthenware, 
it rapidly lost its lustre, and melted at 74° to a deep red, effervescent 
liquid : 

0°0985 gave 0°2079 CO, and 0°0448 H,O. C=57'56; H=5°05. 

070915 ,, 24°6 cc. N. at 20° and 768 mm. N=31°09. 

C,,H,,ON; requires C=57'64; H=4°80; N=30°56 per cent. 


Triazoantipyrine dissolves readily in methyl and ethyl alcohols, 
benzene, and acetone, but is insoluble in cold petroleum. Inter- 
action with sulphuric acid is very violent, being almost explosive 
when the concentrated agent is used; yellow fumes are liberated, 
and a black tar produced. Even 50 per cent. acid brings about 
vigorous decomposition, but by reducing the strength to 25 per 
cent., it is possible to measure the gas set free, two-thirds the 
azidic nitrogen being evolved: 


0°1293 gave 13°2 cc. N, at 17° and 776 mm. N=12°10. 
C,,H,,ON, requires 2N=12°22 per cent. 

The triazo-compound loses nitrogen also when treated with 
stannous chloride in hydrochloric acid, but in this case variable 
results are obtained, and it is not possible to follow the reaction 
quantitatively. Ammoniacal silver oxide is reduced very readily 
by the substance, a mirror being deposited on raising the tem- 
perature. On adding aqueous potassium hydroxide to an alcoholic 
solution of triazoantipyrine, the behaviour of the substance is found 
to be quite different from that of triazoketones in which hydrogen 
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is attached to the carbon atom carrying the azoimide complex, 
and the usual stormy liberation of nitrogen does not occur. 


Azoantipyrine, 
N(CH;)-C°CH, C(CH;)-N(CH 
co—-C—N-N-—C amen 


C,H,;-N< )SN-CyH,. 

If the crystallised triazoantipyrine is allowed to remain suspended 
in the mother liquor, a remarkable alteration sets in, even when 
light is excluded. The crystals lose their brilliancy, changing to 
a red powder, whilst the liquid, originally clear and pale yellow, 
becomes red and turbid, evolving gas. 

This decomposition was accelerated and completed by maintain- 
ing the liquid at 40—50° during eight to ten hours, when the 
red powder was filtered, dissolved in benzene, precipitated by 
petroleum, redissolved in chloroform, and reprecipitated by ethyl 
acetate. The dull red powder became dark red and slimy when 
spread on earthenware, but if left on the filter-paper and allowed 
to dry by exposure to air, the paler colour and powdery condition 
persisted, and the substance intumesced a few degrees above 165°, 
at which temperature it suddenly became dark red: 

0°1019 gave 18°2 c.c. N, at 17° and 770 mm. N=21°00. 

CoH 0,N, requires N=20°90 per cent. 

The behaviour of the substance towards concentrated sulphuric 
acid, stannous chloride, and ammoniacal silver oxide was negative. 
Picric acid, when added to an alcoholic solution, gave a dark red 
precipitate, but this immediately became sticky, and could not be 
crystallised. The azc-compound is readily soluble in chloroform, 
pyridine, and the alcohols, being sparingly dissolved by ethyl acetate 
and by hot petroleum; the behaviour towards benzene is curious, 
for when the substance is covered with a small proportion of the 
cold hydrocarbon a deep red solution is formed, but becomes turbid 
on further addition of the solvent. It has not been possible to 
crystallise the compound, but a specimen obtained by allowing 
crystallised triazoantipyrine to undergo spontaneous decomposition 
in a stoppered vessel was found to have retained the crystalline 
form of the original material, although quite red and containing 
only 21 per cent. of nitrogen. On account of the difficulties 
indicated, we do not place much reliance on the determinations of 
molecular weight ; these varied considerably between 300 and 400, 
the latter figure being required by the molecular formula for 
azoantipyrine. 
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MENDELEEFF MEMORIAL LECTURE. 
DELIVERED ON OcTOBER 21sT, 1909. 


By W. A. Titpen, D.Sc., LL.D., F.R.S., Past-President of the 
Chemical Society. 


To many of the present generation of English chemists, the com- 
manding, patriarchal figure of Mendeléeff was quite familiar. 
Though his several visits to London were often connected with 
official business of the Russian Government Department of Weights 
and Measures, of which he was the chief official during the later 
years of his life, he came several times with more purely scientific 
objects. In 1889 the occasion of his presence in London was the 
Faraday Lecture which he had been invited to give to the Chemical 
Society, but which, owing to a sudden and urgent recall to his 
home, he was unable to deliver in person. His last appearance in 
this country was in November, 1905, when the Copley Medal was 
awarded to him by the Royal Society. 

The Chemical Society can see his face no more, and all that 
it can now do is to inscribe high on its roll of honour the name 
which, more than any other, will be for ever associated with the 
development of the great generalisation known as the periodic 
system of the elements. 


Dmitri Ivanovitsch Mendeléeff * was the fourteenth and youngest 
child of his parents, Ivan Pavlovitsch and Maria Dmitrievna, née 
Kornileff. His father, a former student of the Chief Pedagogic 
Institute of St. Petersburg, obtained the appointment of Director 
of the Gymnasium at Tobolsk, in Siberia, where he met Maria 
Dmitrievna, who became his wife. After a few years at Tobolsk, 
he was transferred to school directorships in Russia, first at 
Tambov, and afterwards at Saratov. But in order to satisfy the 
ardent wish of his wife, he took advantage of an opportunity of 
exchange, by which he became once more Director of the College 
at Tobolsk, and the family returned to Siberia. Here on January 
27th, 1834 (O.S.) was born Dmitri Ivanovitsch, the youngest son. 


* For many of the details of Mendeléefi’s career and of his home life the writer 
is indebted to the family chronicle compiled, soon after his death, by his niece, 
N. J. Gubkina (née Kapustina), and published in St. Petersburg, also to pamphlets 
by A. Archangelsky and P. J. Robinowitsch. He also desires to express his thanks 
to Mr. D. V. Jéquier, of St. Petersburg, as well as to several Russian friends, for 
valuable assistance in translation. 


VOL. XCV. 6 xX 


TILDEN : MENDELEEFF MEMORIAL LECTURE. 


2078 


Soon after his birth the father became gradually blind from 
cataract in both eyes, and was obliged to resign, the whole family, 
including eight children, having to subsist on a small pension of 
1000 roubles (about £100 per annum). The mother, Maria 
Dmitrievna, belonged to the old Russian family, Kornileff, settled 
at Tobolsk. They were the first to establish in Siberia the manu- 
facture of paper and glass. In 1787 the grandfather of Dmitri 
opened at Tobolsk the first printing press, and from 1789 produced 
the first newspaper in Siberia, the Zriysch. The glass works were 
situated in the village of Aremziansk, a short distance from 
Tobolsk. 

According to the family tradition, one of the Kornileffs in a 
previous generation had married a Khirgis Tartar beauty, whom 
he loved so passionately that when she died he also died of grief. 
The pure Russian blood thus received a strain of the Mongolian 
race, and some of their descendants preserved traces of the 
Oriental type. This, however, was not very noticeable in the 
features of the chemist. 

From her childhood, Maria Dmitrievna was distinguished by 
her intelligent wish for instruction, and having no other resource 
when her brother Basile went to school she repeated by herself 
ali his lessons, and thus, unaided, obtained some part of the 
knowledge so eagerly desired. There can be no doubt she was a 
woman possessed of remarkable vigour of mind, who exercised great 
influence over her children. Her activity and capacity are further 
illustrated by the fact that when her husband became blind she 
revived the business of the glass works, and carried it on till after 
his death from consumption in 1847. 

Tobolsk was at that time a place of banishment for many 
political exiles, the so-called Decembrists, one of whom, Bassargin, 
married Olga, an elder sister of Dmitri. To these Decembrisis the 
boy owed his first interest in natural science. His mother had 
always cherished the hope that at least one of her children would 
devote himself to science, and accordingly, after her husband’s 
death and the destruction of the glass works by fire, and spite of 
failing health and scanty means, she undertook the long and 
tedious journey from Tobolsk to Moscow, accompanied by her 
remaining children, Elizabeth and Dmitri Ivanovitsch, with the 
object of entering the latter, then nearly fifteen years of age, at 
the University. Disappointed in this object, owing to official 
difficulties, she removed in the spring of 1850 to St. Petersburg, 
where ultimately, with the assistance of the Director, Pletnoff, of 
the Central Pedagogic Institute, a friend of her late husband, 
she succeeded in securing for her son admission to the Physico- 
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Mathematical Faculty of the Institute, together with much-needed 
pecuniary assistance from the Government. 

The debt which Dmitri Ivanovitsch owed to his mother he 
acknowledged later in the introduction to his work on “ Solutions,” 
which he dedicated to her memory in the following interesting 
lines : 

“This investigation is dedicated to the memory of a mother 
by her youngest offspring. Conducting a factory, she could 
educate him only by her own work. She instructed by example, 
corrected with love, and in order to devote him to science she 
left Siberia with him, spending thus her last resources and 
strength. {When dying, she said, ‘Refrain from illusions, insist 
on work, and not on words. Patiently search divine and scientific 
truth.’ She understood how often dialectical methods deceive, 
how much there is still to be learned, and how, with the aid of 
science without violence, with love but firmness, all superstition, 
untruth, and error are removed, bringing in their stead the safety 
of discovered truth, freedom for further development, general 
welfare, and inward happiness. Dmitri Mendeléeff regards as sacred 
a mother’s dying words. October, 1887.” 

In the Pedagogic Institute Dmitri Ivanovitsch was thus able to 
devote himself to the mathematical and physical sciences under 
the guidance of Professors Leng and Kupfer in physics, Woskresen- 
sky in chemistry, and Ostragradsky in mathematics. Unfortunately, 
at the end of his course, his health failed, and about this time 
his mother died. Having been ordered to the South, he fortunately 
obtained an appointment as chief science master at Simferopol, in 
the Crimea. The southern climate soon alleviated the serious 
symptoms of lung disorder, and removal being necessary in con- 
sequence of the Crimean War, he was able soon afterwards to 
undertake a post as teacher of mathematics and physics at the 
Gymnasium at Odessa. In 1856 he returned to St. Petersburg, 
and at the early age of twenty-two he was appointed privat docent 
in the University, having secured his certificate as master in 
chemistry. 

At this time he appears to have passed rapidly from one subject 
to another, but he soon found matter for serious and protracted 
study in the physical properties of liquids, especially in their 
expansion by heat. And when, in 1859, by permission of the 
Minister of Public Instruction Mendeléeff proceeded to study under 
Regnault in Paris and afterwards in Heidelberg, he devoted him- 
self to this work, communicating his results to Liebig’s Annalen 
and the French Academy of Sciences. Returning two years later 
to St. Petersburg, he secured his Doctorate, and was soon after-. 
6x 2 
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wards appointed Professor of Chemistry in the Technological 
Institute. In 1866 he became Professor of General Chemistry in 
the University, Butlerow at the same time occupying the Chair 
of Organic Chemistry. 

As a teacher, Mendeléeff seems to have possessed a special talent 
for rousing a desire for knowledge, and his lecture room was often 
filled with students from all faculties of the University. Many 
of his former students remember gratefully the influence he 
exercised over them.* One of these writes: “I was a student in 
the Technological Institute from 1867 to 1869. Mendeléeff was 
our professor, and in 1868 taught organic chemistry. The previous 
course by the professor of inorganic chemistry consisted of a 
collection of recipes, very hard to remember, but, thanks to 
Mendeléeff, I began to perceive that chemistry was really a science. 
The most remarkable thing at his lectures was that the mind of 
his audience worked with his, foreseeing the conclusions he might 
arrive at, and feeling happy when he did reach these conclusions. 
More than once he said, ‘I do not wish to cram you with facts, 
but I want you to be able to read chemical treatises and other 
literature, to be able to analyse them, and, in fact, to understand 
chemistry. And you should remember that hypotheses are not 
theories. By a theory I mean a conclusion drawn from the 
accumulated facts we now possess which enables us to foresee new 
facts which we do not yet know.’ He was considered among the 
students a most liberal man, and they thought of him as a comrade. 
More than once during a disturbance between the students and 
the administration Mendeléeff supported the students, and under 
his influence many matters were put right.” (L. G.) Another 
former student in the University writes as follows: “I am sorry 
to say I did not know Mendeléeff personally. I only had the good 
fortune to follow, in the years 1867-69, his lectures on both 
Organic and Inorganic Chemistry. The former was an abridged 
course, which he had the admirable idea to deliver for us students 
of the mathematical branch of the physico-mathematical faculty. 
He reduced this course of one lecture a week during one year to 
a general review of organic compounds and the general laws of 
their structure. You can imagine what it must have been in 
the hands of Mendeléeff, thirty-three or thirty-four years old at 
that time, in the full enjoyment of his mental powers, and just 
then plunged into the study of his great generalisations. For me 
it was a revelation, being occupied with the great questions con- 
nected with the development of the new system of atomic weights, 


* For the following reminiscences, the writer is indebted to Mr. L. Goldenberg 
and Prinee P. Kropotkin respectively, 
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the mechanical theory of heat, etc. Grove’s, Thomson’s, Joule’s, 
Séguin’s works were then just out, and in these years a sudden 
blossoming of the natural sciences in all directions seemed to bring 
us near to the solution of the great problerhs of the nature of 
matter and of gravitation. Then I followed Mendeléeff’s lectures 
on Inorganic Chemistry. The ‘Principles of Chemistry’ was not 
yet out, but he was evidently writing it at that time. You know 
how much is said in the footnotes to his ‘ Principles’; well, imagine 
each of these notes developed into a beautiful improvisation, with 
all the freshness of thought of a man who, while he speaks, 
evolves all the arguments for and against, there on the spot. The 
hall was always crowded with something like two hundred students, 
many of whom, I am afraid, could not follow Mendeléeff, but for 
the few of us who could it was a stimulant to the intellect and a 
lesson in scientific thinking which must have left deep traces in 
their development, as it did in mine.” (P. K.) 

One of Mendeléeff’s most remarkable personal features was his 
flowing abundance of hair. The story goes that, before he was 
presented to the late Emperor, Alexander III., his Majesty was 
curious to know whether the professor would have his hair cut. 
This, however, was not done, and he appeared at Court without 
passing under the hands of the barber. His habit was to cut 
his hair once a year in spring, before the warm weather set in. 
His eyes, though rather deep set, were bright blue, and to the 
end of his life retained their penetrating glance. Tall in stature, 
though with slightly stooping shoulders, his hands noticeable for 
their fine form and expressive gestures, the whole figure proclaimed 
the grand Russian of the province of Tver. 

At home, Mendeléeff always wore an easy garment of his own 
design, something like a Norfolk jacket without a belt, of dark 
grey cloth. He rarely wore uniform or evening coat, and attached 
no importance to ribbons and decorations, of which he had many. 

As to his views on social and political questions, many people 
thought him a rigid monarchist, but he said of himself that he 
was an evolutionist of peaceable type, desiring a new religion, of 
which the characteristic should be subordination of the individual 
to the general good. He always viewed with much sympathy what 
is called the feminine question. At the Office of Weights and 
Measures, he employed several ladies, and about 1870 he gave 
lectures on chemistry to classes of ladies. Nevertheless he con- 
sidered women inferior to men both in business and in intellectual 
pursuits, and he thought the chief promoters cf the feminine 
movement aimed, not so much at equality of political position, as 
at opportunities for work and to escape inactivity. But he thought 
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the feminine temperament specially suited to all branches of art 
in the broadest sense of the word, including education. 

Mendeléeff held decided views on the subject of education, which 
ie set forth in several publications, especially ‘‘ Remarks on Public 
Instruction in Russia” (1901). Here he says, “The fundamental 
direction of Russian education should be living and real, not based 
on dead languages, grammatical rules, and dialectical discussions, 
which, without experimental control, bring self-deceit, illusion, 
presumption, and selfishness.” Believing in the soothing effect of 
a vital realism in schools, he considered that universal peace and 
the brotherhood of nations could only be brought about by the 
operation of this principle. Speaking of the reforms desirable, 
he says that “for such reforms are required many strong realists ; 
classicists are only fit to be landowners, capitalists, civil servants, 
men of letters critics, describing and discussing, but helping only 
indirectly the cause of popular needs. We could live at the present 
day without a Plato, but a double number of Newtons is required 
to discover the secrets of nature, and to bring life into harmony 
with the laws of nature.” Mendeléeff was evidently a philosopher 
of the same type as our own Francis Bacon. 

“TI am not afraid,” he says later, “ of the admission of foreign, 
even of socialistic, ideas into Russia, because I have faith in the 
Russian people, who have already got rid of the Tartar domination 
and the feudal system.” 

Mendeléeff always dined at six o’clock, and liked to entertain 
his friends and relations, but in his own diet he was extremely 
moderate. After dinner he enjoyed reading light literature, 
especially books of adventure, such as those of Fenimore Cooper or 
Jules Verne. But his literary tastes were peculiar. Though 
interested in serious literature and appreciating Shakespeare, 
Schiller, Goéthe, Victor Hugo, and Byron as well as the Russian 
classics, beginning with Zhoucovsky and Pouschkin, his favourites 
among Russian poets were Maicoff and Tuttcheff, and among the 
rest Byron. Of the last-named he preferred to all his other works 
the gloomy poem called ‘“ Darkness,” and among the rest the 
*Silentium ” of Tuttcheff. 

He rarely went to the theatre, and did not approve of frequent 
visits to the theatre by his children, as he considered such distrac- 
tions tend to destroy concentration and fill the mind with “ trifles 
and foolishness.” On the other hand, he was very fond of pictures, 
and he visited all the exhibitions. That he was interested in 
questions relating to art, and had given much thought to esthetic 
problems, is indicated by a letter * which he addressed in Novem- 
ber, 1880, to the well-known Russian daily paper of that time, 

* Considerably condensed in the following abstract, 
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Goloss (The Voice), on the subject of a picture by Kouindji, 
“Night in the Ukraine.” Writing of the influence of landscape 
on different minds, he says, “ At first it seemed to me a matter of 
personal taste, of individual sensitiveness of different persons to 
the beauty of nature.” But, rejecting this simple view, he was 
led to a conception which he regarded as really satisfactory, and 
which he wished to share with others. He says, ‘“‘ Landscape was 
depicted in antiquity, but was not in favour in those times. Even 
the great masters of the sixteenth century made use of it merely 
as a frame to their pictures. “It was the human form which prin- 
cipally inspired artists of that epoch; even the gods and the 
Almighty Himself appeared to their minds in human shape. In 
this alone they found the infinite, the inspiring, the divine. And 
this was because they worshipped human mind and human spirit. 
This found expression in science in an exceptional development of 
mathematics, logic, metaphysics, and politics. Later, however, 
men lost faith in the absolute and original power of human reason, 
and they discovered that the study of external nature assists even 
in the correct appreciation of the nature of the human inner self. 
Thus nature became an object of study; a natural science arose 
unknown either to antiquity or to the period of the Renaissance. 
Observation and experience, inductive reasoning, submission to 
the inevitable, soon gave rise to a new and more powerful, more 
productive method of seeking truth. It thus became evident that 
human nature, including its consciousness and reason, is merely a 
part of the whole, which is easier to comprehend as such from 
the study of external nature than of the inner man. External 
nature thus ceased to be merely subservient to man, and became 
his equal, his friend. Dead and senseless as it had been, it now 
became alive. Everywhere it presented motion, stores of energy, 
natural reason, simplicity, and plan. Inductive and experimental 
science became a crown of knowledge, royal metaphysics and 
mathematics had now to be content with modest questioning of 
nature. Landscape painting was born simultaneously with this 
change, or perhaps a little earlier. Thus it will probably come to 
pass that our age will hereafter be known as the epoch of natural 
science in philosophy, and of landscape in art. Both derive their 
materials from sources external to man. . . . Man has, however, not 
been lost sight of as an object of study and of artistic creation, but 
he now appears, not as a potentate or as a microcosm, but merely as 
part of a complex whole.” 

In 1863, when twenty-nine years of age, Mendeléeff married his 
first wife, née Lestshoff, by whom he had one son, Vladimir,* and 
a daughter, Olga; but the marriage proved unhappy, and after 


* Died in 1899, aged 34. 
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living apart for some time there was a divorce. In 1877 he fell 
in love with a young lady artist, Anna Ivanovna Popova, of 
Cossack origin, and in 1881 they were married. This lady exercised 
considerable influence over his views about art, and the walls of 
his study were furnished with many products of her pencil, notably 
portraits of Lavoisier, Descartes, Newton, Galileo, Copernicus, 
Graham, Mitscherlich, Rose, Chevreul, Faraday, Berthelot, and 
Dumas, and others of relatives. After his second marriage, 
Mendeléeff lived first at the University, and afterwards in the 
apartments built for the Director at the Bureau of Weights and 
Measures, and here his younger children were born, Lioubov 
(Aimée), Ivan (Jean), and the twins, Maria and Vassili (Basile). 

In 1890, in consequence of a difference with the administration, 
Mendeléeff retired from the Professorship in the University. 
During the disturbances among the students in that year, he 
succeeded in pacifying them by promising to present their petition 
to the Minister of Education. Instead of thanks for this service, 
however, the Professor received a sharp reprimand from the 
authorities for not minding his own business. The consequence 
was that Mendeléeff resigned. Independently of the petition, 
however, there were probably deeper reasons for his being out of 
favour with the Ministry, connected with his irreconcilable enmity 
to the classical system of education already referred to (p. 2082). 
Of this he had made no secret, and it had already brought him 
into conflict with the authorities. In 1893, however, he was 
appointed by M. Witte to the office of Director of the Bureau of 
Weights and Measures, which he retained till his death. 

In the earlier part of his life, Mendeléeff was interested in 
carrying on a series of agricultural experiments on his Tver estate, 
Boblovo. The peasants, much struck by his success and the 
abundance of his crops, inquired of him whether this was due to 
his luck or to his “talent.” With a smile andthe patois which 
he always affected in speaking to the country people, he informed 
them that he certainly had “talent,” and, as he said afterwards 
at home, there is no merit in having luck. 

Once during the solar eclipse in 1887 he ascended alone in a 
balloon’ wih the object of making scientific observations. His 
assistant, Kovanko, who sat with him in the basket, alighted at 
the last moment, probably ordered to do so by his chief because 
the balloon would not rise. When the balloon shot up quickly 
and disappeared in the clouds, his family was naturally very much 
alarmed. Fortunately the hero of the adventure was able to 
descend safely, and a few hours later returned to his family from 
Moscow. The peasant women thereafter used to tell that Dmitri 
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Ivanovitsch flew on a bubble and pierced the sky, and for this the 
authorities made him a chemist! 

Mendeléeff was very democratic in his habits, and when travelling 
from the Capital to his estate, six or seven hours by rail, he always 
made use of the third class, and on the way talked freely to his 
feliow-passengers on all sorts of subjects, so that at the end of 
the journey he was surrounded by all sorts of people. At the 
railway station, about twelve miles from Boblovo, he was always 
met by the same driver, Zassorin, who with his troika of greys 
transported the whole family at full gallop, according to Russian 
custom. 

Such, then, are the chief features of a great personality. If it 
be admitted that stories are told of his occasional irritability of 
temper, we can well place on the other side of the account the 
cordial relations always subsisting between the Professor and his 
assistants, the confidence and respect. between the Master and his 
servants, the deep affection between the Father and his children, 
which are known to have persisted throughout his life, and which 
could be illustrated by many anecdotes. These stories merely serve 
“to give the world assurance of a man.”’ 

For us who live on the other side of Europe, separated as we 
are by race, by language, by national and social customs, and by 
form of government, it is not easy to understand completely the 
texture of such a mind, the quality of such genius, and the 
conditions, social or political, which may have served to encourage 
or to repress its activity. The Russian language may be eloquent, 
expressive, versatile, and harmonious, or it may possess any other 
good quality that may be claimed for it by those to whom it is 
a mother tongue, but the fact remains that it is a barrier to free 
intercourse between the Russian people and the world outside the 
Russian Empire. This alone creates a condition which must 
influence the development of thought, and must give to Russian 
science and philosophy a colour of its own. Mendeléeff was, like 
many educated Russians, a man of very liberal views on such 
subjects as education, the position of women, on art and science, 
and probably on national government. We can hardly guess what 
would be the influence on such a nature of a rigid administrative 
régime which forbids even the discussion of such questions. We 
in England are almost unable to imagine such a state of things 
as would be represented by the closing of, say, University College 
for a year or more, because the question whether the House of 
Lords ought to be abolished had been debated in the Students’ 
Union. Imagine the Professor of Chemistry, along with his 
colleagues, for such a reason deprived of the use of his laboratory 
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by the police, and only allowed to resume his studies when someone 
down at Scotland Yard thought proper. Such being the experience 
of most of the Russian Universities and Technical High Schools, 
it is not surprising that the output of Russian science, notwith- 
standing the acknowledged genius of the Russian people, appears 
sometimes comparatively small. The amount of work done by 
Mendeléeff, both experimental and theoretical, was prodigious, and 
all the more remarkable considering the cloudy atmosphere under 
which so much of it was accomplished.* 

In 1882 the Royal Society conferred on Mendeléeff, jointly with 
Lothar Meyer, the Davy Medal. In 1883 the Chemical Society 
elected him an Honorary Member, and in 1889 it conferred upon 
him the highest distinction in its power to award, namely, the 
Faraday Lectureship, with which is associated the Faraday Medal. 
In 1890 he was elected a Foreign Member of the Royal Society, 
and in 1905 he received the Copley Medal. So far as England is 
concerned, his services to science received full acknowledgment. It 
is all the more remarkable, therefore, that he never became a 
member of the Imperial Academy of Sciences of St. Petersburg. 

Towards the end of 1906 Mendeléeff’s health began to fail. 
Nevertheless he was able to attend the Minister on the occasion 
of an official visit in January to the office of Weights and 
Measures, but he caught cold and, enfeebled as he had been by 
influenza in the preceding autumn, inflammation of the lungs set 
in. Retaining consciousness almost to the last, he requested even 
on the day of his death to be read to from the “Journey to the 
North Pole,” by his favourite author, Jules Verne. He died in 
the early morning of the 20th January (0.8.), 1907, within a few 
days of his seventy-third birthday. He was buried in the Wolkowo 
Cemetery beside the graves of his mother and son. 


Turning now to a survey of Mendeléeff’s work as a man of 
science, it will be sufficient if we pass lightly over his first essays. 
Like so many other chemists, he began by handling simple questions 
of fact, his first paper, dated 1854, when he was twenty years of 
age, being on the composition of certain specimens of orthite. It 
was not till 1859 that he settled down to serious examination of 
the physical properties of liquids, which led him to a long series 
of experiments on the thermal dilatation of liquids, of which the 

* Professor Walden, at the end of a biographical notice recently published in the 
Berichte d. Deut. Chem. Ges., April, 1909, gives a list of 262 printed publications by 
Mendeléeff. These include, not only memoirs on physical and chemical subjects, 
but books, pamphlets, reports, and newspaper articles relating to exhibitions, to 
the industries of Russia, to weights and measures, to education, to art, and even to 
spiritualism. 
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chief ultimate outcome was the establishment of a simple expres- 
sion for the expansion of liquids between 0° and the boiling point 
(Trans., 1883, 45, 126). This formula is liable to the same kind 
of modification which has been found necessary in the case of gases. 
It is, of course, applicable only to an ideal liquid from which all 
known liquids differ by reason of differences of chemical constitu- 
tion and consequent differences of density, viscosity, and other 
properties. Thorpe and Riicker, by applying van der Waals’ 
theory of the general relation between the pressure, volume, and 
temperature of bodies to Mendeléeff’s expression for the thermal 
expansion, developed a simple method of calculating the critical 
temperature of liquids from observations of their expansion (Trans., 
1884, 45, 135). 

Mendeléeff devoted a large amount of time and of experimental 
skill to the estimation of the densities of various solutions, 
especially mixtures of alcohol and water and of sulphuric acid and 
water, and of aqueous solutions of a large number of salts. In 
1889 he embodied the whole in the monograph already referred to. 
In a paper communicated to the Transactions in 1887 (51, 779), 
he stated his views in the following words: “Solutions may be 
regarded as strictly definite atomic chemical combinations at tem- 
peratures higher than their dissociation temperatures. Definite 
chemical substances may be either formed or decomposed at tem- 
peratures which are higher than those at which dissociation 
commences; the same phenomenon occurs in solutions; at ordinary 
temperatures they can be either formed or decomposed.” This 
view was retained by Mendeléeff, and appears in a footnote (p. 64) 
in the 7th Russian Edition (3rd English Edition) of the Principles, 
1902, where the following passage occurs: ‘“ The conception of 
solutions as dissociated definite liquid chemical compounds is based 
on the following considerations: (1) That there exist certain 
undoubtedly definite crystallised chemical compounds (such as 
H,S0,,H,O, or NaCl,2H,O, or CaCl,,6H,O, etc.), which melt on a 
certain rise of temperature and then form true solutions; (2) that 
metallic alloys in a molten condition are real solutions, but on 
cooling they often give entirely distinct and definite crystallised 
compounds; (3) that between the solvent and the substance dis- 
solved there are formed in a number of cases many undoubtedly 
- definite compounds, such as compounds with water of crystallisa- 
tion; (4) that the physical properties of solutions, and especially 
their specific gravities (a property which can be very accurately 
determined), vary with a change in composition, and in such a 
manner as would be required by the formation of one or more 
definite but dissociating compounds. . . . The increase in specific 
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gravity (ds) varies in all well-known solutions with the proportion 
of substance dissolved (dp), and this dependence can be expressed 
by a formula ds/dp=A+Bp between the limits of definite com- 
pounds, whose existence in solutions must be admitted.” Applying 
this method, he concludes that mixtures of alcohol and water may 
contain several definite compounds, such as C,H,O0+3H,O. These 
views, however, did not prevent his recognising van’t Hoff’s gas 
theory as applicable to dilute solutions. 

In conjunction with some of his students, Mendeléeff also studied 
minutely the question of the elasticity of gases, and published 
several papers on the subject (see Royal Soc. Catalogue), extending 
over a period of some ten years from 1872. From the earlier 
researches of Regnault and others, it was known that the law of 
Boyle and Marriotte is not strictly applicable either to all gases 
or at all pressures. Mendeléeff and his assistants devoted special 
attention to the departures from the theoretical requirements of 
the law exhibited by gases under very greatly reduced pressures. 
He found that for hydrogen the value of pv diminishes with the 
pressure down to 20 mm., while for air, carbon dioxide, and some 
others, pv increases slightly to a maximum. 

Another subject to which Mendeléeff gave a good deal of attention 
was the nature and origin of petroleum. Having already reported 
in 1866 on the naphtha springs in the Caucasus, in the summer of 
1876 he crossed the Atlantic and surveyed the oil fields of Penn- 
sylvania. In the course of these investigations, he was led to 
form a new theory of the mode of production of these natural 
deposits. The assumption that the oil is a product of the decom- 
position of organic remains he rejects on a variety of grounds, 
which are set forth in a communication to the Russian Chemical 
Society (Abstract, see Ber., 1877, 10, 229). Mendeléeff assumes, 
as others have done, that the interior of the earth consists largely 
of carbides of metals, especially iron, and that hydrocarbons result 
from the penetration of water into contact with these compounds, 
metallic oxide being formed simultaneously. The hydrocarbons 
are supposed to be driven in vapour from the lower strata, where 
temperature is high, to more superficial strata, where they condense 
and are retained under pressure. In 1886, in consequence of 
rumours as to the possible exhaustion of the Russian oil fields, he 
was sent by the Government to Baku to collect information, and 
in 1889 he made a communication on this subject to Dr. Ludwig 
Mond, which is printed in the Journal of the Society of Chemical 
Industry (1889, 8, 753.) 

The influence of the great generalisation known as the periodic 
law can best be estimated by reviewing the state of knowledge 
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and opinion before the announcement and acceptance of the prin- 
ciple by the chemical world, and subsequently glancing at the 
influence which, directly or indirectly, it has produced on scientific 
thought, not only in regard to the great problems to which it 
immediately relates, but to the whole range of chemical theory. 
The use of the expression, ‘“‘ atomic weight,’ implies the adoption 
of some form of atomic theory. But forty or more years ago 
Dalton’s atomic theory was by many of the most philosophical 
chemists and physicists regarded as only a convenient hypothesis, 
which might be temporarily useful, but could not be accepted as 
representing physical reality. Since that time, however, a variety 
of circumstances have contributed to consolidate the Daltonian 
doctrine. The estimation of the ratios called atomic weights has 
been the subject of research, attended by more and more elaborate 
precautions to secure accuracy, from the time of Dalton himself 
onward through successive generations down to the present day. 
Though the atomic weights of the majority of the common elements 
are now known to a high degree of accuracy, the acknowledged 
errors have been sufficiently great to render abortive various 
attempts to reduce them to any common scheme of mathematical 
relationship. As is well known, the most important step toward 
the systematisation of atomic weights was taken about 1860, 
mainly on the grounds eloquently and convincingly set forth by 
Cannizzaro,* in consequence of which the arbitrary selection of 
numbers for atomic weights was superseded by the practical 
recognition of the law of Avogadro and the application of the law 
of Dulong and Petit, so that a common standard was established. 
No general scheme of atomic weights was previously possible, 
partial and imperfect efforts in this direction being represented bv 
Debereiner’s triads and the principle of homology made use of by 
Dumas. Only so soon as numbers representing the atomic weights 
of calcium, barium, lead, and other metals were corrected and 
brought into the same category as those of oxygen, sulphur, and 
carbon was there some chance of determining whether these 
numbers possessed a common factor or were capable of exhibiting 
mathematical interrelations which might be regarded as symbolic 
of physical relations or even directly dependent upon them. The 
first step in this direction was taken by J. A. R. Newlands, who, 
after some preliminary attempts in 1864-1865, discovered that when 
the elements are placed in the order of the numerical value of 
their atomic weights, corrected as advised by Cannizzaro, the 
eighth element starting from any point on the list exhibits a 
revival of the characteristics of the first. This undoubtedly repre- 


* 1858, and later, Faraday Lecture, 1872 
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sents the first recognition of the principle of periodicity in the 
series of atomic weights, but whether discouraged by the cool 
reception of his “law of octaves” by the chemical world or from 
imperfect apprehension of the importance of this discovery, 
Newlands failed to follow up the inquiry. It was not long, 
however, before the matter was taken up by others, and doubtless 
the improvements in the estimation of atomic weights, following 
on the work of Stas, then only recently published, inspired greater 
confidence in the approximate accuracy of the numbers adopted 
as atomic weights, and thus encouraged inquiry into their relations. 
The subject is, indeed, an attractive one, for it involves con- 
siderations which lie at the foundations of all our notions respecting 
the physical constitution of matter, and accordingly we find papers 
by many chemists dealing with the question of these numerical 
relations. Odling especially seems to have given much thought 
to the subject, and, ignoring Newlands’ previous attempts, he drew 
up towards the end of 1864 * a table containing a list of all the 
then well-known elements, arranged horizontally in the order of 
their generally accepted groups, and perpendicularly in the order 
of their several atomic weights. He concludes an article in Watts’s 
Dictionary a few months later with these words: “ Doubtless some 
of the arithmetical relations exemplified in the foregoing table 
are merely accidental, but, taken altogether, they are too numerous 
and decided not to depend on some hitherto unrecognised law.” 
It is important to note the words I have italicised. 

Such, then, was the state of knowledge about this time. Evidently 
the way was being prepared, but the prophet had not made his 
appearance, the seer who could look with the eyes of confidence 
beyond the clouds of uncertainty which obscured all ordinary 
vision. 

In March, 1869, Mendeléeff communicated to the Russian 
Chemical Society an enunciation of the principle of periodicity 
and a statement of some of the consequences of this recognition 
of the relation of properties to atomic weight throughout the whole 
range of the known elements, and this statement was accompanied 
by a table which, while it bears a close resemblance to Odling’s 
table of 1864, was apparently connected in his mind with an idea 
which became clearer and more decisive in the modifications which 
he immediately afterwards introduced into the arrangement.t 

* Quart. J. Sci., 1864, 1, 643; and Watts’ Dict., Vol. III, 975. 

+ Subjoined is a translation, as literal as possible, of the German Abstract (Zcitsch. 
J. Chem., 5, 405). Several obvious misprints have been corrected. 
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On the Relation of the Properties to the Atomic Weights of the 
Elements. 


By D. MENDELEEFr. 


When the elements are arranged in vertical columns, according 
to increasing atomic weight, so that the horizontal lines contain 
analogous elements, again according to increasing atomic weight, 
the following arrangement results, from which several general 
conclusions may be derived: 


Ti= 60 Zr = 90 ? =180 
V= 51 Nb= 94 Ta =182 
Or= 52 Mo= 96 W =186 
Mn= 55 Rh=104°4 Pt =197°4 
Fe= 56 Ru =104°4 Ir =198 
Ni=Co= 59 Pd =106°6 Os =199 
H =1 Cu= 63°4 Ag=108 Hg =200 
Be= 94 Mg=24 Yn= 65°2 Cd =112 
B =11 Al =27°4 ? = 68 U =116 Au =197? 
Cc =i12 Si =28 $= 70 Sn =118 
N =14 P =$1 As= 75 Sb =122 Bi =210? 
O =16 S$ =32 Se = 79°4 Te =128 ? 
F =19 Cl =35°'5 Br= 80 i =127 
Li =7 Na=23 K =89 Rb= 85°4 Cs =133 Tl =204 
Ca =40 Sre= 87° Ba =1387 Pb =207 
? =45 Ce= 92 
?Er =56 La= 94 
?Yt =60 Di= 95 
tIn =75°6 Th=118 


1. The elements arranged according to the magnitude of atomic 
weight show a periodic * change of properties. 

2. Chemically analogous elements have atomic weights either in 
agreement (Pt, Ir, Os), or increasing by equal amounts (K, Rb, Cs). 

3. The arrangement, according to atomic weights, corresponds 
with the valency of the elements, and to a certain extent the 
difference in chemical behaviour, for example, Li, Be, B, C, N, O, F. 

4. The elements most widely distributed in nature have small 
atomic weights, and all such elements are distinguished by their 
characteristic behaviour. They are thus typical elements, and the 
lightest element, hydrogen, is therefore rightly chosen as the typical 
unit of mass. 

5. The magnitude of the atomic weight determines the pro- 
perties of the element, whence in the study of compounds regard 
is to be paid not only to the number and properties of the 
elements and their mutual action, but to the atomic weights of the 
elements. Hence the compounds of S and Te, Cl and I, show, 
beside many analogies, yet striking differences. 


* Here an error in the German translation does an injustice to the original 
inasmuch as the Russian word for periodical is rendered ‘‘ stufenweise ” (gradual). 
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6. It allows the discovery of many new elements to be foreseen, 
for example, analogues cf Si and Al with atomic weights between 
65 and 75. 

7. Some atomic weights will presumably experience a correction ; 
for example, Te cannot have the atomic weight 128, but 123 to 126. 

8. From the foregoing table, new analogies between elements 
become apparent. Thus U appears as an analogue of B and Al, 
which, as is well known, has long ago been established experi- 
mentally. 


Previous students of the subject had been, for the most part, 
struck with, the relations obviously subsisting between the members 
of the several natural families of elements, but had, with few 
exceptions, failed to perceive that there must be a general law 
binding the whole together. However, Mendeléeff, with that noble 
sentiment of justice which always animates the truly scientific 
mind, admits that the idea of a general law had already been 
foreshadowed by others, and he says (Faraday Lecture; 1889), 
“T now see clearly that Strecker, de Chancourtois, and Newlands 
stood foremost in the way towards the discovery of the periodic 
law, and that they merely wanted the boldness necessary to place 
the whole question at such a height that its reflection on the facts 
could be clearly seen.” 

It may be remarked that Strecker did little more than call 
attention to the sequence in the values of the atomic weights of 
certain elements, and states that ‘we must leave to the future 
the discovery of the /aw of the relaticns which appear in these 
figures” (Theorien u. Experimente zur Bestimmung der Atom 
Gewichte der Elemente, 1859). De Chancourtois, in his work 
entitled ‘‘ Le Vis Tellurique ” (1863), devised a geometric method 
of representing the atomic weights by coiling round a cylinder a 
helix with an angle of 45°, the cylinder being divided vertically 
into sixteen equal parts by lines drawn from the circular base. 
The points of intersection of the helix with these lines were 
supposed to represent the atomic weights of elements which differed 
from one another by 16 or by multiples of 16. 

Mendeléeff’s table of 1869 was subsequently in 1871 modified 
so as to assume the form with which we have all been so long 
familiar, and which is to be found in every modern text-book. 
Thus it may be claimed for Mendeléeff that he was actually the 
first, not only to formulate a general law connecting atomic weights 
with properties, but was the first to indicate its character, and, 
as himself (Principles, 1905, II, p. 28) has pointed out, he was 
the first “to foretell the properties of undiscovered elements, or 
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to alter the accepted atomic weights ” in confidence of its validity. 
The time was, in fact, ripe for the enunciation of this general 
principle, and, the suggestion once given, the relations embodied 
in the law could not fail to attract other chemists. Accordingly, 
in December, 1869, Lothar Meyer, with such knowledge of 
Mendeléeff’s scheme as could be derived from the imperfect German 
version of his paper of the previous March, proved himself a 
convinced exponent of the idea by contributing to Liebig’s 
Annalen a paper containing a table, substantially identical with 
that of Mendeléeff, and his famous diagram of atomic volumes, 
which, more clearly even than the tabular scheme, illustrates the 
principle of periodicity. 

The history of science shows many instances of the same kind. 
Great generalisations have often resulted from the gradual 
accumulation of facts which, after remaining for a time isolated 
or confused, have been found to admit of co-ordination into a 
comprehensive scheme, and, this once clearly formulated, many 
workers are found ready to assist in its development. The case 
is nearly parallel to the recognition of the operation of natural 
selection by Darwin and Wallace, or it might be compared to the 
discovery of oxygen by Priestley and Scheele and the utilisation 
of this knowledge by Lavoisier. In each case much preparatory 
work had been done, and a body of knowledge had been gradually 
accumulated which, when duly marshalled and surveyed by the 
eye of a master, could scarcely fail to reveal to him the underlying 
principle. The full consequences, however, would appear only to 
a few. 

The law of periodicity was expressed by Mendeléeff in the 
following words: * 

“The properties of the elements, as well as the forms and pro- 
perties of their compounds, are in periodic dependence on, or 
(expressing ourselves algebraically) form a periodic function of, 
the atomic weights of the elements.” After a brief historical 
account of the discovery of the law by himself, Mendeléeff 
concludes by saying (Principles, p. 18): “I consider it well 
to observe that no law of nature, however general, has 
been established all at once; its recognition has always been 
preceded by many presentiments; the establishment of a law, 
however, does not take place when the first thought of it takes 
form, or even when its significance is recognised, but only when 
it has been confirmed by the results of experiment which the man 
of science must consider as the only proof of the correctness of 
his conjectures and opinions.” 


* Principles, 1905, Vol. II, p. 17. 
VOL. XCV. 6Y 
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I regard it as unnecessary, in the presence of the Fellows of the 
Chemical Society, to review with any detail the multitudinous 
applications of the scheme of the elements constructed on the basis 
of the periodic law. These are the commonplaces of modern 
theoretical chemistry. They are embodied in every text-book of 
any importance, and are related by every lecturer and teacher as 
familiar and indisputably recognised consequences of the system. 
We may therefore pass lightly over the story of the prediction by 
Mendeléeff of the properties of undiscovered elements, confirmed 
so remarkably by the discovery of scandium, gallium, and ger- 
manium, and related in dramatic language by Mendeléeff himself 
(Faraday Lecture). .We may also pass over the applications of 
the system to the correction of atomic weights, illustrated by the 
case of beryllium, the recognition of previously unnoticed relations, 
and the discovery of new elements, notably the companions of 
argon (Ramsay, Presidential Address to Section B, British Associa- 
tion, 1897, and Proc. Roy. Soc., 1898, 63, 437). 

It will be more profitable to consider a few of the difficulties 
which still encumber the application of the law, and which, while 
limiting our acceptance of it in an unqualified form as applicable 
to the whole of the elements, tempt the speculative mind to wander 
in wide fields of conjecture. 

Can it be truly said that the elements arranged in the order of 
their atomic weights show without exception periodic changes of 
properties? This question has been propounded already, but has 
never been fully discussed, even by Mendeléeff. An examination 
of the facts seems, however, to indicate the possibility of some 
other principle, which, while it does not supersede the periodic 
scheme, would, if it could be recognised, supplement it. This 
involves otuer considerations which we may turn to first. 

If the whole of the known elements are drawn up in the order 
of their atomic weights (using the values given by the International 
Committee for 1908), we find a progression in value from H =1°008 
to U=238°5, with differences between the successive elements 
which vary from 0°3 (Co—Ni)* to 43 (Co—Cu) among the 


* Mendeléeff held the view that ‘‘in general, cobalt is more nearly allied to iron 
than nickel, and the latter more nearly to copper” (Principles, Eng. Ed., 1905, 
p. 379). Accordingly, in the first edition of his book, he assigned to cobalt the 
atomic weight 58°5, and to nickel, the atomic weight 59. In the later edition of 
1905, he makes them both 59, and expresses the belief that eventually the atomic 
weight of cobalt will be found less than that now accepted and less than nickel 
(Eng. Ed., 1905, II, footnote 25, p. 45). Whatever may be the exact values of the 
atomic weights of these two elements, there can be no doubt that the atomic weight 
of cobalt is greater than that of nickel. This is proved by the estimations of the 
specific heats of both these metals purified by methods which preclude the possibility 


ee | hl 
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common elements of which the atomic weights have been most 
accurately estimated. The large difference, 7°4, between Sb and Te 
is manifestly due to some error in the atomic weight of tellurium 
of which no sufficient explanation is yet forthcoming, and it is 
only when we get to the element Bi that there seems reason for 
thinking that it must be followed by some hitherto unrecognised 
elements, since the gap between Bi and the next known element, 
Ra, is 18°7 units. The atomic weights of the long series of elements 
beginning with La are confessedly uncertain, but that they all lie 
between La and Ta seems probable, because although the individual 
numbers are doubtless inexact, the average difference between any 
two consecutive terms is roughly the same as the average difference 
between successive atomic weights among the better known 
elements preceding them. Ta—La=181—138'9=42°1 for sixteen 
intervals. 

It must also be noted that the differences, approximately three 
units each, among the three elements with smallest known atomic 
weights, namely, 

H 1:008, He 4, Li 7°03, 
are greater than the differences observed among the elements which 
immediately succeed them, namely, 
Li 7°03, Be 9:1, B 11, C 12, N 14°01, O 16, F 19. 

It will be seen later that, as regards this part of the scheme, 
Mendeléeff had put forth a special hypothesis. 

If these considerations are to be regarded as having weight, it 
seems probable that few additional elements are to be expected, 
except possibly one following Mo and another following W, save 
in the region already indicated from Bi to Ra. This suggests the 
remark that, after all, it is not necessary to assume that the 
materials of which the earth consists should necessarily include a 
sample of every possible element indicated by such a scheme. 
Some which are missing from terrestrial matters may perhaps be 
responsible for phenomena recognisable by the spectroscope in stars 
or nebulz far distant in cosmical space. The unexpected, however, 
often happens, and, remembering the discovery of terrestrial 


of appreciable error or of mutual contamination. The following results were 
obtained by different observers using different methods : 


Temperature. Cobalt. Nickel. 
From 100° £0. 26" ...2..sc00ccaee 0°10303 0°10842 
es 15° to —78°4° oe. 0°0939 0°0975 
>»  78°4° to —182°5° ...... 0°0712 0°0719 
Tilden, Phil. Trans., 1900, 194 A, 249. 

From 100° to 20°... ......00000. 0°104 0108 


Copaux, Compt. rend., 1905, 140, 657. 
6y¥2 
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helium, it is permissible to hope that some of the vacant spaces 
may hereafter be filled by earthly occupants. 

There is one important point to be noted here, namely, that if 
the so-called rare earth metals, praseodymium, neodymium, 
samarium, gadolinium, terbium, dysprosium, erbium, ytterbium, 
and others of which the existence is doubtful, do lie in the position 
indicated, the original statement of the periodic law breaks down 
at this point. Enough is already known of their properties to show 
that they are very closely allied together, and cannot fall into 
separate periods. Mendeléeff says (Principles, 1905, Vol. II, p. 45), 
“This appears to me to be one of the most difficult problems 
offered to the periodic law.” He prefers, however, to teave open 
the question as to the position of these elements. The discordance 
of argon and of tellurium with the places assigned to them are 
also matters which must be left for the consideration of future 
workers. 

One result of the recognition of the periodic law is that theories 
concerning the genesis of the elements have received a stimulus 
previously unknown. It is, however, interesting to note the 
attitude of Mendeléeff toward this question, and the small extent 
to which this attitude appears to have become modified with the 
lapse of time. When, in 1889, twenty years after the discovery of 
the law, he composed the Faraday lecture, he seems to have 
regarded speculation in this direction as a kind of abuse of the 
periodic system. He was, of course, fully justified in stating 
(Faraday Lecture) that “the periodic law, based as it is on the 
solid and wholesome ground of experimental research, has been 
evolved independently of any conception as to the nature of the 
elements ; it does not in the least originate in the idea of a unique 
matter; and it has no historical connexion with that relic of. the 
torments of classical thought.” But it is at least questionable 
how far he was justified in continuing that “therefore it affords 
no more indication of the unity of matter, or of the compound 
character of our elements, than the law of Avogadro or the law 
of specific heats, or even the conclusions of spectrum analysis. 
Nore of the advocates of a unique matter have ever tried to 
explain the law from the standpoint of ideas taken from a remote 
antiquity, when it was found convenient to admit the existence of 
many gods and a unique matter.” And again, later, “ From the 
foregoing, as well as from the failures of so many attempts at 
finding in experiment and speculation a proof of the compound 
character of the elements and of the existence of primordial matter, 
it is evident, in my opinion, that this theory must be classed 
among mere utopias.”’ 
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Fifteen years later, after the discovery of the argon group of 
elements, of the phenomena of radioactivity, and of radium, it 
became necessary to consider the relations of these substances to 
the periodic scheme. In a remarkable article contributed to the 
new Russian Encyclopedia, and subsequently printed as Appendix 
III to the Principles (English Edition, 1905), Mendeléeff gives 
a new table of the elements, in which places are found, not only 
for the argon group and radium, but for two hypothetical elements 
which are placed before helium and designated z and y. 

As this table may be assumed to represent his latest views 
concerning the relations of the elements, it is here reproduced.* 

The y in the table is supposed to be an analogue of helium, and 
may be identified hereafter with “coronium,’ which has been 
recognised in the sun’s coronal atmosphere. This gas would 
have, according to Mendeléeff, a density about 0°2, and therefore 
a molecular weight about 0°4, or about one-tenth that of 
helium. 

xz is the “ether” of the physicist, for which Mendeléeff, dis- 
regarding conventicnal views, supposes a molecular structure. He 
also assumes that, like the argon group, this element is chemically 
inert and possesses a very low density and atomic weight, estimated 
at 0:000,000,000,053. 

His views in connexion with this matter are put forward merely 
as speculations and without dogmatism, but it is clear that he 
retained his repugnance to the conception of a unique matter to 
the last. In his essay entitled “A Chemical Conception of the 
Ether” (translated by Kamensky, 1904), the following passage 
occurs, p. 32: “ Being unable to conceive the formation of the 
known elements from hydrogen, I can neither regard them as 
being formed from the element z, although it is the lightest of all 
the elements. I cannot admit this, not only because no fact points 
to the possibility of the transformation of one element into another, 
but chiefly because I do not see that such an admission would in 
any way facilitate or simplify our understanding of the substances 
and phenomena of nature.” 

Chemists and physicists have, however, found it impossible to 
resist the fascination of this problem, and accordingly there have 
been many hypotheses as to the origin of the elements and the 
nature of their connexion with one another. These seem to be 
inseparable from the periodic scheme itself, which at once provokes 
the inquiry, Why do these numerical relations occur, and what 


* The spaces left vacant in Series I, after hydrogen, are the positions of hypo- 
thetical elements having approximately the atomic weights, 1°4, 1°8, 2°2, 2°6, 2°8, 
3°0, and 3°4, and standing at the head of groups II to VIII respectively. 
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is the meaning of them if they do not point to a common genesis 
or the operation of some process of evolution? 

Hypotheses concerning the evolution of the elements have hitherto 
been usually based on the assumption that the successive stages of 
condensation of elemental matter proceeded from a single primary 
stuff, which by a process analogous to polymerisation among carbon 
compounds gave rise to atoms of greater and greater mass, which 
were stable at the prevailing and any lower temperature. The 
physical cause of the successive condensations is supposed to be a 
falling temperature. It is, of course, possible to imagine that if 
to the stuff of which hydrogen atoms consist are added successive 
portions of matter of the same kind, stable structures may at 
intervals result which we know as the atoms of the elements helium, 
lithium, beryllium, boron, carbon, nitrogen, oxygen, and fluorine, 
provided the idea of internal structure in these atoms is allowed. 
Otherwise, from the mere accretion of matter upon a central 
nucleus, there seems no sufficient reason why there should not 
have been formed an indefinite number of intermediate masses 
corresponding to an indefinite number of what would be called 
elements. Further, it is difficult to understand why simple increase 
of mass should change, say, oxygen into fluorine, while a further 
addition of the same kind should change negative fluorine into 
inert neon or positive sodium. The possibility of the condensation 
of a single “ protyl” so as to produce, at successive though unequal 
stages of cooling, the elements known to the chemist has been most 
ably discussed long ago by Sir William Crookes. 

This hypothesis, however, was put forward long before the work 
of Sir J. J. Thomson and his school was given to the world and 
the electron was accepted as a physical reality. The hypothesis 
that one elemental stuff may give rise to the whole array of 
known elements by a process of condensation accompanied by a 
loss or gain of electrons, the mass of which is approximately one- 
thousandth of the mass of an atom of hydrogen, forms the subject 
of a paper by Mr. A. C. G. Egerton in a recent number of our 
Transactions (1909, 95, 239). The atomic weights calculated by 
his formula agree closely with the experimental atomic weights 
of the first fifteen elements, but the hypothesis gives no explanation 
of the facts observed in the physical properties of the elements 
arranged according to the Mendeléeff scheme, their alternation 
of odd and even valency, the transition from positive on one side of 
the table to negative on the other, the periodicity of properties 
shown by the sudden change of character in passing from fluorine 
to the next element, whether it be neon or sodium. 

Another paper by Messrs. A. C. and A. E. Jessup (Phil. Mag., 
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1908, [vi], 15, 21) has recently provided a hypothesis of an entirely 
different character. From a study of the spectra of the nebulz, 
these authors have been led to assume the existence of two hitherto 
unrecognised elements, to which the names protogiucinum and 
protoboron are assigned. These with hydrogen and helium are 
supposed to represent four initial substances, or protons, which, by 
condensation directly or indirectly, give rise to all the rest of the 
elements. The arguments of these authors ure ingenious, but 
rather artificial in view of the fact that the number of groups 
in the periodic scheme to be provided for is greater than four. 

In the Mendeléeff chart of the elements, there is nothing more 
striking than the gathering of the negative elements toward what 
may be called the N.E., and the segregation of the positive elements 
toward the S.W., the centre of the intermediate territory being 
occupied by elements which play a more or less undecided part. 
I have elsewhere (Presidential Address, 1905, Trans., 87, 564) 
drawn attention to the fact that carbon, at any rate, is not directly 
deposited by electrolysis from any of its compounds, with positive 
hydrogen on the one hand, or negative chlorine on the other. I 
believe the same is true of silicon, these two elements standing in 
a middle position between the extremes occupied by lithium and 
fluorine respectively. 

If we assume that atoms are made up of two parts (protyls), 
positive and negative, in proportions which determine by the 
preponderance of one or the other whether the element shall exhibit 
the positive character of a metal like lithium or the negative 
character of a halogen, we arrive at a hypothesis which recalls 
the ideas put forward nearly a century ago by Berzelius. His 
views are familiar to every student of the history of chemistry, 
but have long been relegated to the lumber room of worn-out 
doctrine. The last few years have, however, given us the remark- 
able experimental investigations of J. J. Thomson already referred 
to, and the new conceptions concerning the nature of atoms, which 
revive the fundamental idea that they are made up of two com- 
ponents.* 


* Carnelley, in 1885 (Brit. Assoc. Reports), brought forward the idea ‘‘ that the 
elements are not elements in the strict sense of the term, but are, in fact, compound 
radicals made up of at least two simple elements, A and B.” The element A was 
supposed to be identical with carbon, while to B was assigned a negative weight, — 2, 
and it was suggested that it might be the ether of space. C.S. Palmer (Proc. 
Colorado Scient. Soc.) assumed the existence of two sub-elements, to which he gave 
the names ‘‘kalidium” and ‘‘oxidium,” and his views appear to have a general 
resemblance to the hypothesis suggested in the text. The original article is abstracted 
in Venables’ Periodic Law and is referred to in footnotes in Palmer’s translation of 
Nernst’s Theoretical Chemistry. 
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Setting out the known elements in the order of the numerical 
value of their atomic weights, we find that between the first three 
elements, H=1, He=4, and Li=7, the difference, 3, is greater 
than would be expected by comparison with the differences noticed 
between the elements of greater atomic weight which immediately 
follow them. In order to satisfy the hypothesis just put forward, 
there appears to be wanting an element which should stand in the 
same relation to fluorine as hydrogen to lithium. This would 
have an atomic weight 2°7 approximately. Whether this exists, 
and whether its existence is indicated by the unappropriated 
spectral lines of nebule or corona, can only be a matter of con- 
jecture. Mendeléeff, in his (1905) latest speculations concerning 
the possibility of still undiscovered elements, has suggested the 
existence of a new element of the halogen group with an atomic 
weight about 3.* But, as already sufficiently shown, he accepted 
no hypothesis which involved any idea of the composite nature 
of the elements. It would therefore have been foreign to his 
system to employ this element in any such manner. But the idea 
seems to me to assist materially conceptions as to the process of 
condensation hypothetically occurring in the evolution of the 
known chemical elements. For to suppose that the typical 
elements, so different as they are in character, forming the first 
line of Mendeléeff’s scheme, have all resulted from the condensation 
of a single protyl has always seemed to me a difficult proposition. 
There is comparatively little difficulty in the view that the succes- 
sive terms of a family of what, by analogy, may be called a 
homologous series, may have originated in this way. A _ con- 
sideration of all the properties of the alkali metals, for example, 
coupled with the character of their spectra, suggests. quite naturally 
the passage from lithium to sodium, and so forth, step by step, 
by the addition of successive accretions of the same matter to the 
primal element, the character of which, including valency, is not 
only sustained through the whole family, but becomes more 
strongly marked in proportion to the gradual increase of atomic 
weight. At the opposite end of the table, on the other hand, a 
reduction of the negative character of the element, in passing from 
fluorine to iodine, seems to suggest that the negative protyl which 
preponderates in the smaller atom is modified in the larger atom 
by the addition of a certain proportion of the positive protyl. 

The conceptions presented to us in J. J. Thomson’s work permit 
of several supplementary hypotheses, especially the idea that if 


* It may also, perhaps, be worthy of note that Mr. Egerton’s calculations (Joe. 
cit.) lead him to postulate an element of nearly this atomic weight, namely, 2°9844, 
although his paper gives no indication as to its character. 
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atoms are really made up of smaller corpuscles these are not thrown 
together in confusion but, as he has shown, must be distributed 
within the mass in a definite order, which is determined by the 
attraction of the electro-positive shell and the self-repulsion of 
the negative corpuscles included in it. Once the idea of structure 
within the atom is admitted, the possibility presents itself of there 
being for the same mass more than one arrangement corresponding 
to what is called isomerism in compounds. In this way the case 
of elements with similar properties and identical or nearly identical 
atomic weights, for example, cobalt and nickel, and even such a 
case as tellurium, might perhaps be explained. Further, now that 
the materials which have so long received the unsatisfactory 
designation of the “rare earths” are found in unexpected 
abundance, it may be hoped that the study of their chemical 
characters may be completed. It may turn out that this group 
may include elements of identical atomic weight, though exhibiting 
different properties. It does not seem very long ago in the memory 
of many now living that the nature of the isomerism of the 
derivatives of benzene was a deep mystery, from which nearly all 
obscurity cleared away in the light of the then new theory of the 
constitution of benzene. 

I have dwelt at some length on these various hypotheses, because 
the discussion of the subject to which they relate indicates, in my 
opinion, one of the consequences of the promulgation and general 
acceptance of the periodic scheme of the elements. This is, how- 
ever, not the only result of the recognition of its validity and 
usefulness by chemists generally. That the elements stand in a 
definite relation to one another implies that their compounds also 
fall into their places in an orderly system, and consequently a basis 
is provided for the complete systematisation of the whole science 
of chemistry. There is scarcely a treatise on chemistry which does 
not bear evident witness to this influence. And this is perhaps 
not the least among the services rendered by this generalisation, 
for not only is the learner enabled to remember a much larger 
number of facts than previously, but he is led to perceive a 
connexion between phenomena and processes which was almost 
entirely wanting so long as practical chemistry consisted mainly 
of a bundle of recipes. And here it is fitting that we should glance 
at the famous treatise by Mendeléeff himself, “The Principles of 
Chemistry,” of which we possess three editions in English, the last 
of which, issued in 1905, is a rendering of the seventh edition 
(1903) of the original. An eighth Russian edition began to be 
issued in 1905, but is incomplete. To this remarkable book it is 
impossible to do justice in a brief notice or to communicate to 
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those who have not read it an adequate impression. Clearly it is 
a work of genius, but such works are not always the most suitable 
for beginners, though for the advanced student nothing can be 
more inspiring. The “ Principles” embody in reality two distinct 
treatises, for the text, which is written in an easy style, open to 
quite straightforward reading, is accompanied by notes which are 
often more voluminous and usurp entire pages. Even the preface 
is attended by these commentaries, which are all interesting as 
showing the spirit of the writer and the restless activity of his 
mind. A few extracts from the preface will serve to illustrate 
the truism too often neglected by writers of biographies, that it is 
impossible to separate a man’s work from his life, and that the 
character and quality of the former are dependent upon the 
personal characteristics of the man, independently of the oppor- 
tunities or influences which may have served to assist or to repress 
his activities. 

“Tf statements of fact,” he says, “themselves depend upon the 
persons who observe them, how much more distinct is the reflection 
of the personality of him who gives an account of methods and 
philosophical speculations forming the essence of a science! For 
this reason there will inevitably be much that is subjective— 
bearing the stamp of time and locality—in every objective 
exposition of science. And as an individual production is only 
significant in virtue of that which has preceded it and that which 
is contemporary with it, it resembles a mirror, which in reflecting 
exaggerates the size and clearness of neighbouring objects, and 
causes a person near it to see reflected most plainly those objects 
which are on the side to which it is directed, and sometimes even 
the person holding the mirror. Although I have endeavoured to 
make my book a true mirror directed toward the whole domain 
of chemical changes and of the elements taking part in them, yet 
involuntarily those influences near to me being most clearly 
reflected and the most brightly illuminated have tinted the entire 
work with their colouring. In this way the chief peculiarity of the 
book has been determined. Experimental and practical data and 
their application in life and industry occupy their place, but the 
philosophical principles of our science form the chief theme of the 
work.” 

Later on he says, “ The thought that this book might fall not 
only into the hands of the beginner for whom it is intended, but 
also of authorities who might wish to know the views held by an 
old disciple of science on the current problems of chemistry, greatly 
complicated the preparation of a new edition, for it necessitated 
making a selection of the most essential of the vast number of 
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new researches published year by year and explaining my views on 
them without greatly enlarging the bulk of the work. After 
having closely followed all the chief conquests of chemical science 
since the days of Berzelius, Liebig, Dumas, and Gerhardt, and 
having seen the triumph of much that lay neglected, and the fall 
of much that was exalted, I involuntarily acquired a tendency to 
analyse new facts, and a desire to transmit to my readers the 
results of such analysis, if it could, in my opinion, help towards 
a proper explanation and generalisation of the chemical elements. 
In carefully preparing this edition, I have not lost sight of the 
fact that I am hardly likely to publish another, and I have 
therefore in many cases spoken more definitely than formerly. 
After having been an insignificant but zealous worker in chemistry 
for almost half a century, I wished my book should retain some 
traces of how a confirmed disciple of Gerhardt regards the funda- 
mental problems of the theory of the chemical elements at the 
beginning of the twentieth century. As an example, I may 
mention that the more I have thought on the nature of the 
chemical elements, the more decidedly have I turned away from 
the classical notion of a primary matter, and from the hope of 
attaining the desired end by a study of electrical and optical 
phenomena, and the more clearly have I recognised that first and 
foremost are needed truer conceptions of ‘mass’ and ‘ether’ than 
those in vogue at the present time. The return to electro- 
chemism which is so evident in the supporters of the hypothesis 
of ‘electrolytic dissociation,’ and the notion of a splitting up of 
atoms into ‘electrons,’ in my opinion only complicate, and in no 
way explain, so real a matter (since the days of Lavoisier) as the 
chemical changes of substances, which led to the recognition of 
the invariable and ponderable atoms of simple bodies. The 
definition of mass gave a means for analysing and grasping 
chemical transformation of substances, and for arriving at the 
atom, while the mass of the atom was shown by the periodic law 
to influence all its chief chemical properties. Thus chemistry in 
its principles stood on the firm foundations laid by Galileo, Newton, 
and Lavoisier, and in order to gain further insight and knowledge 
of the atoms themselves, the fundamental conceptions of mass, 
gravity, and ether will have to be explained by a method of 
experiment alone, otherwise the realism of science will again open 
its doors to such metaphysical and ‘ metachemical’ conceptions as 
phlogiston and other mystical dreams. For my part I endeavour 
to remain true to the testament of realism left by Newton and 
Lavoisier, and it is my wish to instil this sentiment into my young 
readers.” 
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This is very clear, and little more remains to be said. In the 
seventeenth century Robert Boyle taught us how to distinguish 
elements from compounds, and how to give to the word “ element ” 
a definite connotation clearly distinguishing it from the elusive 
and fantastic language of the alchemists. In the eighteenth 
century Lavoisier showed the true nature of the most familiar of 
chemical compounds, namely, acids, bases, and salts, and helped 
to lay the foundation of quantitative chemistry. At the beginning 
of the nineteenth century Dalton gave to chemistry the Atomic 
Theory, of which it is not too much to say that it provided the 
scaffold by the aid of which the entire fabric of modern theoretical 
chemistry has been built up. Sixty years later this conception, 
developed and adorned by the labours of an army of earnest 
workers, has been shown to us in a brilliant new light thrown 
over the whole theory by Mendeléeff. 

The views of Boyle, of Lavoisier, and of Dalton have been 
corrected by experience and broadened by extended knowledge, but 
the fundamental and essential parts of their ideas remain, and 
their names are immortal. In like manner the expression of the 
periodic law of the elements as known to the present generation is 
destined, we may believe, to be absorbed into a more comprehensive 
scheme by which obscurities and anomalies will be cleared away, 
the true relations of all the elements to one another revealed, and 
doubts as to the doctrine of evolution resolved in one sense or the 
other. But as with the Atomic Theory itself, there is no reason 
to doubt that the essential features of the periodic scheme will 
be clearly distinguished through all time, and in association with 
it the name of Mendeléeff will be for ever preserved among the 
Fathers or Founders of Chemistry. 
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CCXXVI.—Syntheses with the Aid of Monochloromethyl 
Ether. Part II. The Action of Monochloromethyl 
Ether on the Sodium Derivative of Ethyl Aceto- 
acetate. 


By Joun Lionet Simonsen and RosertT SToREY. 


In a recent communication (Trans., 1908, 93, 1777) it was shown 
that monochloromethyl ether readily condenses with ethyl sodio- 
malonate, with the formation of ethyl 8-methoxymethylmalonate, 
and, since this substance exhibited rather striking properties, it 
seemed a matter of some interest to investigate also the con- 
densation of monochloromethyl ether and ethyl sodioacetoacetate. 
It seemed probable that this reaction would lead to ethyl B-methoxy- 
methylacetoacetate, which it was hoped might, on hydrolysis with 
acids, undergo internal condensation with formation of 1: 3-di- 
acetyleyclobutane, and thus throw further light on the stability 
of the cyclobutane ring: 
OMe:’CH,Cl + CH,AcNa:CO, Et —> OMe-CH,*CHAc*CO, Et. 
20Me-CH,"CHAc:CO,Et —> 


CO, Et‘CAc(CH,*OMe)-CH,-CHAc‘C0,Et —> CHAc<Gf;2>CHAe. 
2 


On carrying out the condensation in a manner similar to that 
described in the previous communication, besides a substance of 
high boiling point, an ester was isolated which was apparently 
the expected substance, ethyl 8-methoxymethylacetoacetate. Con- 
siderable difficulties were, however, at first encountered in attempt- 
ing to examine the properties of this ester, owing to the ease with 
which it is decomposed into acetone and formaldehyde. Satisfac- 
tory results were, however, ultimately obtained on hydrolysis with 
aqueous potassium hydroxide, when a beautifully crystalline acid, 
C,H,,0,, which melted at 105°, was obtained. Owing to the great 
stability exhibited by this acid, it was, however, at once obvious 
that it could not be a monosubstituted derivative of acetoacetic 
acid. 

Now Claisen (Ber., 1892, 25, 1768) has shown that ethyl chloro- 
carbonate and ethyl sodioacetoacetate condense with the formation 
of ethyl carboxyethylacetoacetate, and it therefore seemed probable 
that a similar reaction had taken place in this case with the 
formation of ethyl methoxy-B-methoxycrotonate : 

OMe:CH,Cl + NaO-CMe:CH:CO,Et —-> OMe’CH,°0:CMe:CH:-CO,Et. 


Further investigation confirmed this view, and it was found that 
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the acid C,H,,0, showed in every way the properties of a substituted 
crotonic acid. Methoxry-B-mcthoxycrotonic acid is an acid of con- 
siderable stability ; it is readily distilled under diminished pressure, 
and its potassium salt may be heated to 100° without any decom- 
position taking place. When, however, it is treated with dilute 
acids or heated with water in a sealed tube, it undergoes complete 
disintegration, with formation of formaldehyde, acetone, and carbon 
dioxide. 

In order to obtain a still more definite proof of its constitution, 
an attempt was made to oxidise it with ozone in a manner analogous 
to that which Harries (Annalen, 1905, 343, 352) employed so 
successfully in the case of crotonic acid. Unfortunately, however, 
although a solid ozonide was obtained, no satisfactory product 
could be isolated on decomposition with water, and only the 
presence of acetic acid and an aldehyde, probably formaldehyde, 
could be definitely proved. 

Methoxy-8-methoxycrotonic acid undergoes an interesting decom- 
position when distilled under the ordinary pressure, two molecules 
reacting with the formation of a substance which is probably 
methoxymethyl methoxy-B-methoxycrotonate, the reaction taking 
place in accordance with the following scheme: 
20Me’CH,°0-CMe:CH:CO,H —> 

OMe’CH,*0°CMe:.CH:’CO,°CH,:OMe + CH, Ac°CO,H. 

In continuation of these experiments, many attempts were made 
to produce a substance in which the monochloromethyl ether radicle 
is attached to the carbon atom. It has been shown by Nef 
(Annalen, 1893, 2'76, 200) that ethyl chlorocarbonate readily con- 
denses with the copper derivative of ethyl acetoacetate with the 
formation of ethyl acetylmalonate, and an attempt was therefore 
made to obtain ethyl B-methoxymethylacetoacetate in a similar 
manner. In this, however, we were unsuccessful, the sole product 
of the condensation being ethyl ay-diacetylglutarate. It is not 
difficult to account for the formation of this substance if it be 
assumed that the process proceeds on the following lines. Ethyl 
B-methoxymethylacetoacetate is first formed, and this removes the 
copper from a portion of the copper derivative of ethyl acetoacetate, 
and the ethyl acetoacetate thus liberated combines with the ethyl 
B-methoxymethylacetoacetate with loss of methyl alcohol and 
formation of ethyl ay-diacetylglutarate : 


OMe:CH,Cl + Cu:CHAc*CO,Et —> OMe:CH,°CHAc:CO, Et. 


OMe-CH,*CHAc‘CO, Et + CH,Ac*CO,Et —> 
CO, Et-CHAc-CH,-CHAc:CO,Et. 


From this experiment it seems improbable that ethyl B-methoxy- 
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methylacetoacetate is capable of existence in the presence of ethyl 
acetoacetate, immediate condensation taking place. 

Ethyl ay-diacetylglutarate has already been investigated by 
Knoevenagel (Annalen, 1894, 281, 94), who obtained it by the 
condensation of ethyl acetoacetate and formaldehyde in the 
presence of piperidine and other secondary bases. He does not, 
however, seem to have been able to prepare it in a pure state, 
since he says that it decomposes when distilled even under 
diminished pressure. We have found that this is not the case. 
It has been mentioned above (p. 2106) that an oil of high boiling 
point was obtained in the condensation of ethyl sodioacetoacetate 
and monochloromethyl ether, and this consists entirely of 
Knoevenagel’s ethyl ay-diacetylglutarate, which we have succeeded 
in obtaining quite pure by repeated distillation. Its identity was 
confirmed by the fact that on hydrolysis with dilute sulphuric acid 
it was converted into 1-methyl-A!-cyc/ohexen-3-one, and when treated 
with alcoholic ammonia it gave ethyl dihydrolutidinedicarboxylate. 

It is a matter of some interest that ethyl dihydrolutidine- 
dicarboxylate is also formed when pure ethyl methoxy-8-methoxy- 
crotonate is treated with alcoholic ammonia. In this case, the 
ammonia must first hydrolyse the ethyl methoxy-8-methoxy- 
crotonate with the formation of formaldehyde and ethyl aceto- 
acetate, which then recombine in the presence of the base with 
separation of ethyl ay-diacetylglutarate, and this reacts in the 
ordinary manner with the ammonia. 


EXPERIMENTAL. 


Condensation of Monochloromethyl Ether and Ethyl Sodioaceto- 
acetate. 


Finely-divided sodium (14 grams) was suspended in dry ether 
(350 c.c.), and ethyl acetoacetate (81 grams) was gradually added. 
When the vigorous reaction which takes place had completely 
subsided (about two hours), monochloromethyl ether (50 grams), 
dissolved in an equal volume of dry ether, was slowly added, and 
the reaction mixture well shaken and cooled. The sodium com- 
pound rapidly dissolved, and in about five minutes a gelatinous 
precipitate of salt separated. The next day water was added and 
the ether separated, dried, and evaporated. The residual oil, 
which, as is usually the case in condensations with monochloro- 
methyl ether, had a strong odour of formaldehyde, was rapidly 
fractionated under 14 mm. pressure. 

After a small quantity of unchanged ethyl acetoacetate had 
passed over (5 grams), the thermometer rapidly rose, and a large 
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fraction distilled fairly constantly at 115—-125°. As soon as the 
temperature again began to rise, the distillation was stopped, and 
the residue in the flask (36 grams) was reserved for later investi- 
gation (see p. 2111). 

The main fraction, boiling at 115—125°, was refractionated 
several times, when it was found to distil at 109—110°/18 mm. 
Yield, 40 grams: 

0°1316 gave 0°2674 CO, and 0°0951 H,O. C=55'4; H=8°0. 

C,H,,0, requires C=55°1; H=8:0 per cent. 

Ethyl methozy-B-methoxycrotonate is a colourless oil possessing 
a slightly pungent odour. A solution of the ester in chloroform 
rapidly absorbs bromine, with slow evolution of hydrogen bromide. 


Methoxy-B-methorycrotonic Acid, OMe*CH,"0O°CMe:CH:CO,H. 


Ethyl methoxy-8-methoxycrotonate (5 grams) was mixed with 
potassium hydroxide (5 grams) dissolved in water (25 c.c.), and 
heated on the boiling-water bath for four hours, when all the oil 
had passed into solution. After cooling, the aqueous solution was 
made faintly acid with hydrochloric acid, when a pale yellow solid 
separated.* This was collected, drained on porous porcelain, and 
purified by crystallisation from either ether or light petroleum: 

0°1282 gave 0°2319 CO, and 0°0815 H,O. C=49°3; H=7'1. 

C,H,,0, requires C=49°3; H=6°9 per cent. 

Methoxy-B-methoxycrotonic acid separates from ether or light 
petroleum in large, glistening, prismatic needles, which melt at 
105°. It is readily soluble in ether, ethyl acetate, chloroform, or 
boiling light petroleum, but only sparingly so in benzene. Its 
sodium carbonate solution immediately decolorises a solution of 
potassium permanganate. 

When a solution of the acid in chloroform is treated with a 
chloroform solution of bromine, the bromine is rapidly absorbed, 
but in a short time hydrogen bromide is evolved, so that it was 
found impossible to isolate the bromo-acid. 

The silver salt separates from a faintly alkaline solution of 
the ammonium salt in glistening needles, which are readily soluble 
in hot water. A recrystallised specimen, dried at 100°, gave the 
following results on analysis: 

0°1776 gave 0°1887 CO,, 0°0579 H,O, and 0°0757 Ag. C=28°9; 

H=3°6; Ag=42°6, 

0°1213 gave 0°0515 Ag. Ag=42'5. 

C,H,O,Ag requires C=28'4; H=36; Ag=42°7 per cent. 

* A further quantity of this acid may be obtained by extracting the filtrate with 
ether. 
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Since methoxy-8-methoxycrotonic acid should exist in cis- and 
trans-forms, careful search was made with the view of isolating 
the other form of this acid. The porous tiles on which the crude 
acid had been drained were extracted in a Soxhlet apparatus 
with ether, when an oily acid was obtained which could not be 
obtained crystalline. It seems possible that this oil contained a 
mixture of the stereoisomerides, since on distillation it gave a 
good yield of methoxymethyl methoxy-8-methoxycrotonate (see 
below). 

Esterification of Methoxy-B-methozycrotonic Acid. — When 
methoxy-8-methoxycrotonic acid is treated in the usual manner 
with alcohol and sulphuric acid or with an alcoholic solution of 
hydrogen chloride, decomposition takes place, and only a very 
small amount of the ethyl ester is obtained, the main product being 
ethyl acetoacetate. 

It was, however, readily obtained in a pure state by the action 
of ethyl iodide on the silver salt of the acid. The silver salt (12 
grams) was suspended in dry ether (100 c.c.), and ethyl iodide 
(12 grams) was added, and the solution heated on the steam-bath 
for three hours. After filtering from the silver iodide, the ether 
was removed, and the pure ester was found to boil at 109°/18 mm.: 

0°1909 gave 0°3836 CO, and 0°1577 H,O. C=54°8; H=8°0. 

C,H,,0, requires C=55°1; H=8°0 per cent. 

The instability of this ester was clearly shown by the following 
experiment. The pure ester (5°26 grams) was dissolved in alcohol, 
and the solution saturated with dry ammonia. After twelve hours 
the alcohol was evaporated, when a semi-solid mass was obtained. 
This was drained on porous porcelain, and the solid (0°45 gram) 
was found to consist of ethyl dihydrolutidinedicarboxylate. 


Methorymethyl Methoxy-B-methozycrotonate, 
OMe’CH,:0°:CMe:CH:CO,°CH,"OMe. 


It has already been mentioned in the introduction that methoxy- 
B-methoxycrotonic acid may be distilled quite readily under 
diminished pressure (34 mm.), when it passes over with very slight 
decomposition at 158—160°. When, however, it is distilled under 
the ordinary pressure it is decomposed, some carbon dioxide being 
evolved, and an oil slowly passes over, the thermometer gradually 
rising to 220°. The oil was carefully purified by repeated distil- 
lation under 20 mm. pressure, when it was found to boil at 
131—132°: 

0°1215 gave 0°2252 CO, and 0°0805 H,O. C=50°6; H=7°4. 

0°0949 ,, 0°1770'CO, ,, 0°0664 H,O. C=50°9; H=7°8. 
C,H,,0; requires C=50°5; H=7°4 per cent. 
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From the above analytical data, it seems probable that this oil 
consists of methoxymethyl methoxy-B-methoxycrotonate. It is a 
colourless, mobile oii possessing a pleasant ethereal odour. Its 
solution in chloroform readily absorbs bromine, and in a quan- 
titative experiment it was found that 0°3738 gram absorbed 0°9 
gram of bromine, whereas an unsaturated substance, C,H,,0,, 
should absorb 0°93 gram. 

The correctness of the above constitution is supported by the 
fact that when the ester was hydrolysed by aqueous potassium 
hydroxide, a quantitative yield of methoxy-8-methoxycrotonic acid 
was obtained. 

Decomposition of Methozy-B-methozycrotonic Acid into Acetone 
and Formaldehyde.—Methoxy-8-methoxycrotonic acid (3 grams) 
was mixed with water (10 c.c.), and heated in a sealed tube for five 
hours at 140—150°. On opening the tube, much carbon dioxide 
was evolved, but only a small amount of tar had separated. The 
aqueous solution was distilled in steam, when a strong odour of 
formaldehyde was noticed, and an immediate reaction was obtained 
with Schiff’s reagent. The steam distillate was treated with an 
acetic acid solution of p-bromophenylhydrazine, when a yellow 
precipitate separated. This was collected and purified by crystal- 
lisation from light petroleum, from which it separated in yellow 
needles, melting at 91—93°. No alteration in the melting point 
was noticed when it was mixed with a specimen of acetone-p-bromo- 
phenylhydrazone obtained from a different source. 

Oxidation of Methoxy-B-methozycrotonic Acid.—The acid (2 
grams) was dissolved in chloroform, and the solution treated for 
some hours with ozone. On removing the solvent in vacuum, a 
solid ozonide separated. This was decomposed by warming with 
water and the aqueous solution extracted with ether, the ether 
dried and evaporated, when a colourless oil remained. The oil 
gave an immediate precipitate with phenylhydrazine and p-bromo- 
phenylhydrazine, but all efforts to isolate a pure substance were 
unsuccessful; only the presence of acetic acid and formaldehyde 


could be definitely proved. 


Lthyl ay-Diacetylglutarate, CO,.Et’CHAc*CH,*CHAc:CO,Et. 


I. It has already been mentioned (p. 2109) that when the con- 
densation product of monochloromethyl and ethyl sodioacetoacetate 
is fractionated, a heavy oil remained in the distilling flask, which 
apparently decomposed on distillation even under a very low 
pressure. It was, however, found that when it was rapidly distilled 
in small quantities it could readily be obtained in a pure state, 


and boiled quite constantly at 178°/10 mm.: 
622 
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0°1154 gave 0°243 CO, and 0°0758 H,O. C=57'5; H=7°3. 

C,3H 0, requires C=57°3; H=7°3 per cent. 
Ethyl ay-diacetylglutarate, which has not previously been 
obtained in a pure state, is a viscous oil possessing a slight odour 
reminiscent of ethyl acetoacetate. Its alcoholic solution gives an 
intense purple-violet coloration with ferric chloride. 

That this substance consisted of ethyl ay-diacetylglutarate was 
shown by the fact that on treatment with alcoholic ammonia it was 
converted quantitatively into ethyl dihydrolutidinedicarboxylate, 
which melted at 174—176° (compare Knoevenagel, Joc. cit.). 

The identity was further confirmed by hydrolysis with 10 per 
cent. sulphuric acid, when 1-methyl-A!-cyclohexen-3-one was obtained, 
which boiled, as stated by Knoevenagel, at 200—201°: 

0°1419 gave 0°3952 CO, and 0°1175 H,O. C=76:0; H=9°2. 

C,H,,O requires C=76'4; H=9'l per cent. 

The semicarbazone of 1-methyl-Al-cyclohexen-3-one, which does 
not appear to have been previously obtained, separates from water 
in irregular plates, melting at 201°: 

0°1285 gave 0°2731 CO, and 0°0901 H,O. C=57°9; H=7°8. 

C,H,,ON; requires C=57'°5; H=7°8 per cent. 

II. For reasons which have already been given in the intro- 
duction, the condensation of monochloromethyl ether and the 
copper derivative of ethyl acetoacetate was investigated, and was 
found to give an excellent yield of ethyl ay-diacetylglutarate. 

The copper derivative of ethyl acetoacetate (32 grams) was 
suspended in dry ether (200 c.c.), and monochloromethyl ether 
(16 grams) was added all at once. No reaction took place for 
some time, but later the green colour of the ethereal solution 
gradually disappeared, and the mixture became slightly warm. 
After remaining overnight, the cupric chloride was separated, and, 
after removing the ether, the residual oil was fractionated under 
20 mm. pressure, when it distilled at 193—195°. That this sub- 
stance consisted of ethyl ay-diacetylglutarate was proved by its 
conversion into ethyl dihydrolutidinedicarboxylate, melting at 
174—176°. 


Much of the expense of this research has been met by a grant 
from the Research Fund Committee of the Chemical Society, for 
which the authors are much indebted. 
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CCXXVII.—-Syntheses in the Epinephrine Series. 


By Frank Totin, Freperrc Wittram Caton, and 
Arcuigz Cecit OsBorn Hann. 


InasMucH as the base epinephrine, which possesses a constitution 
represented by formula I (Jowett, Trans., 1904, 85, 192), has so 
valuable a physiological action, it appeared to be of considerable 
interest to prepare certain substances related to it, in order that 
their properties might be physiologically investigated : 

_— 

Ve ° -CH.-NH: 

m_ ) ac CH,-NH:CH, 


It is already known that the ketone corresponding with 
epinephrine is physiologically active, as are also the primary amines 
(II and III) corresponding with both these compounds: 


HO HO 
 _ ‘CH. 4 ~\,.cO-CH.: 
HO¢ _>CH(OH)*CH, NH, HOK _>-C0-CH, NH, 


(II.) (III. ) 

We therefore endeavoured to prepare bases analogous to the 
above-mentioned primary amines, but which would contain only 
one hydroxyl group in the benzene nucleus. This attempt has been 
successful, in so far as the para-derivatives are concerned, for 
B-p-dihydrozy-B-phenylethylamime (IV) and the corresponding 
ketone (V) have been obtained : 


HO¢ >CH(OH)-CHy NH, HOY >-CO-CH,-NH, 


(IV.) (V.) 

The physiological action of these substances has been investigated 
by Dr. H. H. Dale, Director of the Wellcome Physiological Research 
Laboratories, to whom we now express our thanks. It has thus 
been ascertained that both the bases (IV and V), when injected 
intravenously, have a pronounced influence on the blood-pressure. 
The intensity of the action of the keto-base is of the same order 
as that of the ketone corresponding with epinephrine, and it causes 
about one-tenth of the rise in blood-pressure produced by an equal 
weight of f-p-hydroxyphenylethylamine, HO-C,H,-CH,°CH,*NH, 
(Barger, this vol., p. 1123). The reduction of the ketonic group in 
the monohydroxy-base (V) is, however, not attended with that 
enormous increase in activity which is observed when the ketone 
corresponding with epinephrine is reduced, as {-p-dihydroxy- 
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B-phenylethylamine (IV) possesses only about twice the activity of 
its corresponding ketone. The action of the reduced base is, how- 
ever, qualitatively far more like that of epinephrine than is that 
of the ketonic compound. 

The first synthesis of epinephrine to’ be described was conducted 
according to the following scheme (D.R.-P. 152814, 155632, and 
157300) : 


OH OH OH OH 


co co CH-OH 
CH,Cl CH,:NHM® CH,-NHMe 

We therefore endeavoured, in the first place, to prepare A-p-di- 
hydroxy-8-phenylethylamine (IV) by a similar series of reactions, 
but with the employment of phenol, instead of catechol, as the 
initial material. 

Kunckell and Johannssen (Ber., 1898, 31, 169) prepared 
w-chloro-p-hydroxyacetophenone by the action of chloroacetyl 
chloride on anisole in the presence of an excess of aluminium 
chloride, but they failed to obtain the desired compound directly 
from phenol. The present authors, however, find that the chloro- 
ketone can be formed from phenol by means of the Friedel-Crafts 
reaction if nitrobenzene be employed as the solvent. The yield 
obtained by this method is, however, but small. The above- 
mentioned authors (loc. cit.) have shown that w-chloro-p-hydroxy- 
acetophenone chloroacetate is formed by the action of aluminium 
chloride and chloroacetyl chloride on phenyl chloroacetate. The 
present authors therefore sought to obtain the corresponding acetate 
in an analogous manner from phenyl acetate, as the former com- 
pound would serve equally as well as the hydroxy-ketone, from which 
it is derived, for the preparation of the desired amine, and the 
use of the relatively costly anisole would thus be avoided. It was 
found, however, that when a mixture of phenyl acetate and chloro- 
acetyl chloride is treated with aluminium chloride, the acetyl group 
wanders into the para-position, and its place is taken by the chloro- 
acetyl radicle, the resulting compound being p-hydroxyacetophenone 
chleroacetate (m. p. 73—74°). We therefore prepared w-chloro- 
p-hydroxyacetophenone according to the method of Kunckell and 
Johannssen. 

It was found impossible to obtain -amino-p-hydroxyaceto- 
phenone from the chloro-ketone by condensation with ammonia, 
although the experiment was conducted under a great variety of 
conditions. Attempts to prepare the corresponding methyl 
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derivative from methylamine were also unsuccessful. This result 
was somewhat surprising, as the corresponding dihydroxyphenyl- 
methylamino-ketone is formed in an analogous manner without 
much difficulty (D.R.-P. 155632). The only definite product that 
could be obtained by the action of ammonia on w-chloro-p-hydroxy- 
acetophenone was an additive compound, HO-C,H,°CO-CH,CI1,NHs, 
The desired base, w-amino-p-hydroxyacetophenone (m. p. 
190—-193°), was, however, eventually obtained in the following 
manner. w-Chloro-p-acetoxyacetophenone (m. p. 89—90°) was 
heated with potassium phthalimide, when the phthalyl derivative, 


OAc'C,H,-CO-CHyN<p 0 >C,H, 


(m. p. 174°), was obtained. This condensation product was then 
heated with concentrated hydrochloric acid, when w-amino- 
p-Aydrozyacetophenone hydrochloride was generated. The free base 
obtained from this salt crystallises well, and is quite stable in the 
absence of oxygen, a behaviour which is not at all in agreement 
with the statement of Gabriel (Ber., 1908, 41, 1128) that a-amino- 
ketones of this type cannot exist in the free state. 

The next step was to reduce the ketonic group contained in the 
above-described base, in order to obtain the final product. It was 
found, however, that this could not be accomplished in a manner 
analogous to that by which epinephrine was obtained from its 
corresponding ketone, namely, by the action of aluminium amalgam. 
The behaviour of other reducing agents was therefore investigated, 
when it was found that the desired result was attained by the 
use of sodium and alcohol. The 8-p-dihydroxy-8-phenylethylamine 
(IV) so obtained darkened and absorbed oxygen rapidly on exposure 
to the air, and could not be crystallised, and this was also the 
case with its hydrochloride. It readily yielded, however, a crystal- 
line tribenzoyl derivative (m. p. 182°), by means of which the 
identity of the substance was verified. 

At the stage in this work when it was found that the desired 
ketonic base could not be obtained by the action of ammonia on 
the corresponding chloro-compound, it was thought that the object 
might be attained by the method first employed by Jowett (Trans., 
1905, 87, 967) for syntheses in the epinephrine series, which has 
since been used with some success by others (Béttcher, Ber., 1909, 
42, 253; Pauly and Neukam, Ber., 1908, 41, 4151; Mannich and 
Jacobson, Chem. Zettsch., 1909, 38, 923). For this purpose we 
endeavoured to prepare a-hydroxy-p-methoxy-a-phenylethane, in 
order that, by the elimination of water from this compound, 
p-vinylphenol might be obtained. p-Hydroxyacetophenone was 
therefore reduced, but this only resulted in the formation of 4 
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pinacone (m. p. 207—208°). We then prepared a-p-hydroryphenyl- 
ethylamine by the reduction of p-hydroxyacetophenoneoxime. The 
base was subsequently heated with nitrous acid, but the resulting 
product, which presumably contained a-p-dihydroxy-a-phenylethane, 
was very unstable when exposed to the air, rapidly yielding 
acetaldehyde and a brown resin. 

a-p-Hydroxyphenylethylamine possesses special interest, inasmuch 
as it was found to have a physiological action similar to that 
exerted by its B-isomeride, which has been shown by Barger (loc. 
cit.) to be one of the active principles of ergot. The naturally 
occurring compound is, however, very considerably more active. 
An attempt was furthermore made to prepare p-vinylphenol by 
the dry distillation of p-coumaric acid, under the same conditions 
as lead to the formation of the corresponding ortho-compound (Ber., 
1908, 41, 367), but only polymerised products could be obtained. 

As we were unsuccessful in preparing p-vinylphenol, p-vinyl- 
anisole (Klages, Ber., 1903, 36, 3590) was employed. From the 
latter, the dibromide (m. p. 80—81°) was obtained, and this, by 
means of aqueous acetone, was converted into the bromohydrin, 
MeO-C,H,°CH(OH)°CH,Br, which is a liquid. No satisfactory 
method, however, could be devised of converting the latter com- 
pound into the corresponding amine, the yields of basic product 
being extremely small. It is interesting to note that on treatment 
with acetyl chloride, the hydroxyl group in the bromohydrin is 
replaced by chlorine, the resulting a-chloro-B-bromo-p-methozy- 
a-phenylethane, MeO-C,H,-CHCl-°CH,Br, being a solid, melting at 
39—40°. It has been stated by Muset (Bull. Acad. roy. Belg., 
1906, 775) that the replacement of hydroxyl by chlorine through 
the agency of acetyl chloride is characteristic of tertiary alcohols, 
but the above change shows that this is not always the case. 

Some experiments were also made with the object of obtaining 
ortho- and meta-compounds corresponding with the above-described 
B-p-dihydroxy-8-phenylethylamine. o-Vinylphenol was prepared by 
the dry distillation of o-coumaric acid, but no dibromide could be 
obtained from it. m-Vinylphenol was prepared from mz-nitro- 
cinnamic acid, according to the method of Komppa (Ber. Ref., 
1893, 26, 677), but the yield of the final product was so small that 
we did not proceed further in this direction. The derivatives of 
m-aminostyrene thus obtained did not, however, agree in their 
properties with the corresponding substances described by Komppa 
(loc. cit.). The last-mentioned author appears to have regarded the 
hydrochloride and benzoyl derivative as being anhydrous, and 
stated that the latter substance fused at 90—91°. These com- 
pounds, as prepared by the present authors, do not crystallise 
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except with one molecule of water, and melt respectively at 181° 
and 126—127°. 
_ EXPERIMENTAL. 


wo-Chloro-p-hydroxyacetophenone. 


Kunckell and Johannssen (Ber., 1898, 31, 167) prepared w-chloro- 
p-hydroxyacetophenone by the action of chloroacetyl chloride and 
excess of aluminium chloride on anisole, but, when they attempted 
to obtain it directly from phenol, the experiment resulted in the 
formation of phenyl chloroacetate, and subsequently of w-chloro- 
p-hydroxyacetophenone chloroacetate. With the object of obtain- 
ing from phenol the acetate corresponding with the last-mentioned 
compound, the present authors treated phenyl acetate with chloro- 
acetyl chloride and aluminium chloride. 

Thirteen grams of phenyl acetate and an equal weight of chloro- 
acetyl chloride were dissolved in carbon disulphide, and treated 
with 17 grams of powdered aluminium chloride. After heating 
the mixture for six hours, the solvent was removed, and ice and 
dilute hydrochloric acid were added. The product was then 
extracted with ether, when, on removing the solvent, a light green 
oil was obtained, which became partly solid when stirred with light 
petroleum. The solid was drained on a tile, after which it 
was recrystallised from benzene, when colourless needles, melting 
at 73—74°, were obtained: 

0°1869 gave 0°3850 CO, and 0°0729 H,O. C=56'2; H=4°3. 

C,»HgO,Cl requires C=56°5; H=4:2 per cent. 

That this compound was p-hydroxyacetophenone chloroacetate 
was evident from the fact that, on treatment with ammonia, it 
yielded p-hydroxyacetophenone and the base, 

NH,°CO-CH,*NH:CH,°CO:-NH,, 
which was obtained by Heintz by the action of ammonia on ethyl 
chloroacetate (Annalen, 1868, 148, 177). It is evident, therefore, 
that the acetyl group had wandered into the para-position, its 
place being taken by the chloroacetyl radicle. 

In view of the statements of Behn (D.R.-P. 95901), we attempted 
to obtain w-chloro-p-hydroxyacetophenone directly from phenol by 
means of aluminium chloride, but with the use of nitrobenzene as 
a solvent. Although this operation was successful, the yield was 
so small that we returned to the original method of Kunckell and 
Johannssen (Joc. cit.), using, however, an improved means of 
isolating the product. 

Twenty grams of anisole and 24 grams of chloroacetyl chloride 
were dissolved in carbon disulphide, and 60 grams of aluminium 
chloride gradually introduced. After heating for about four hours, 
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the solvent was removed, the residue treated with ice and hydro- 
chloric acid, and the product extracted with ether. The ethereal 
liquid thus obtained was shaken with a solution of ammonium 
carbonate, which removed a small amount of brown product, after 
which it was treated with aqueous sodium carbonate. This 
removed the w-chloro-p-hydroxyacetophenone in a state of relative 
purity. During these operations a most severe irritation of the 
eyes and face was experienced. This was found to be due to the 
formation of a small amount of w-chloro-o-methoxyacetophenone, a 
substance which will be described in a subsequent communication. 
The sodium carbonate extracts were acidified, and the precipitated 
product crystallised from methyl alcohol, when w-chloro-p-hydroxy- 
acetophenone was obtained in the form of light yellow lamina, 
melting at 148°. 


Action of Ammonia and Methylamine on w-Chloro-p-hydroxyaceto- 
phenone. 


A quantity of w-chloro-p-hydroxyacetophenone was dissolved in 
alcohol, and a solution of ammonia in absolute aleohol added. The 
mixture became red, some heat being developed, and a crystalline 
substance soon separated. The latter was collected, and recrystal- 
lised from an alcoholic solution of ammonia. It was then found 
to be an additive compound of the chloro-ketone and one molecule 
of ammonia, the latter being held only rather loosely: 

0°3010, dissolved in alcohol, neutralised 16°0 c.c. W/10-H,SO,. 

NH;=9°0. 
C,H,0,CI.NH; requires NH,;=9°1 per cent. 

On keeping this substance for any considerable length of time in 
contact with aqueous or alcoholic ammonia, or on heating it with 
either of these reagents, only red, tarry products resulted. This 
was also the case when only the theoretical amount of ammonia 
was employed. Analogous experiments, conducted with the use of 
methylamine, likewise resulted only in the formation of red, 
amorphous products, 


Condensation of w-Chloro-p-acetoxyacetophenone with Potassium 
Phthalimide. 


Since it was found impossible to obtain an amine from the 
chloro-ketone by condensation with ammonia, recourse was had to 
the use of potassium phthalimide. It was found necessary, how- 
ever, to employ the acetyl derivative of the chloro-ketone, since the 
original substance was so acidic that it decomposed the potassium 
phthalimide. 
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w-Chloro-p-hydroxyacetophenone was boiled for one hour with 
acetic anhydride, and the resulting acetylated product purified by 
distillation.  -Chloro-p-acetoxyacetophenone  crystallises from 
alcohol in large prisms, which melt at 89—90°: 

0°1553 gave 0°3218 CO, and 0°0592 H,O. C=56'5; H=4:2. 

C,9H,O,Cl requires C=56'5 ; H=4°2 per cent. 

After numerous experiments, the following method of condensing 
the acetyl derivative of the chloro-ketone with potassium 
phthalimide was found to be the best, a yield of phthalide 
derivative amounting to about 42 per cent. of that theoretically 
possible being obtained. w-Chloro-p-acetoxyacetophenone was 
heated in a nickel crucible to 120—125°, when a molecular pro- 
portion of finely-powdered potassium phthalimide was gradually 
introduced, with constant stirring. The mixture, which was at 
first quite fluid, gradually became viscid, and, after being main- 
tained at the above temperature for about half an hour, was 
completely converted into a brown solid. The latter, after being pow- 
dered, was extracted in a Soxhlet apparatus with boiling benzene. 
On concentrating the benzene extract, the condensation product, 
together with phthalimide, separated in crystals. The solid was 
collected, washed with benzene, and freed from phthalimide by 
repeated extraction with boiling water, after which the phthalide 
derivative was crystallised from alcohol. It then formed slender, 
colourless needles, melting at 174°: 

0°1476 gave 0°3627 CO, and 0°0574 H,O. C=67:0; H=4:3. 

0°3785 ,, 14°8 c.c. N, (moist) at 20°8° and 766 mm. N=4'5. 

C,gH,;0;N requires C=66°9; H=4:0; N=4'3 per cent. 
p-A cetory-w-phthaliminoacetophenone, 


Ac0-0,H,:CO-CH, No >O,H, 


is rather sparingly soluble in alcohol, but more readily soluble in 
benzene, ethyl acetate, or glacial acetic acid. It is insoluble in 
water or light petroleum. 


w-A mino-p-hydroxyacetophenone. 
y 7 


The above-described phthalide derivative (2 parts), together with 
glacial acetic acid (15 parts) and concentrated hydrochloric acid 
(50 parts), was heated in sealed tubes to 130° for three hours. 
The contents of the tubes, which had become brown, were united, 
concentrated under diminished pressure, and freed from phthalic 
acid by extraction with ether. The liquid was then treated with 
animal charcoal, filtered, and evaporated to dryness under 
diminished pressure, as it is necessary to avoid the actess of air 
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so far as possible. The dry residue was dissolved in alcohol, and 
after some time w-amino-p-hydroxyacetophenone hydrochloride 
separated in pink prisms, which were obtained colourless by further 
recrystallisation from alcohol. This hydrochloride dissolves very 
readily in water, but only moderately so in alcohol, and not at 
all in ethyl acetate. It has no definite melting point, but decom- 


poses at 245—252°: 
0°2644 gave 0°1982 AgCl. Cl=18°6. 
C,H,O,.N,HCl requires Cl=18°9 per cent. 

w-A mino-p-hydroxyacetophenone was obtained from the aqueous 
solution of its hydrochloride by precipitation with sodium carbonate. 
It forms colourless plates, which melt and decompose at 190—193°: 

00982 gave 0°2278 CO, and 0°0546 H,O. C=63'4; H=6°2. 

0°1137 ,, 02660 CO, ,, 0°0644 H,O. C=63°8; H=6°3. 

C,H,O,.N requires C=63°6; H=6°0 per cent. 

It is only with difficulty that this base can be obtained colourless, 
as in contact with air and moisture, especially in alkaline solutions, 
it rapidly acquires a brilliant pink colour. It is readily soluble 
in both acids and alkali hydroxides, very sparingly so in water, 
alcohol, or ethyl acetate, and insoluble in chloroform or ether. It 
yields a picrate, which crystallises in needles, melting at 192°, but 
its gold and platinum salts were too soluble to admit of their 
isolation. 

w-Benzoylamino-p-b enzoyloxyacetophenone, 

Bz0-C,H,°CO°:CH,:NHBz, 
was prepared by the Schotten-Baumann method. It forms colour- 
less needles, melting at 173—-174°: 

0°0992 gave 0°2685 CO, and 0°0439 H,O. C=73°8; H=4°9. 

C..H,;,0,N requires C=73°6; H=4'7 per cent. 


B-p-Dihydrozy-B-phenylethylamine. 


Attempts were first made to reduce w-amino-p-hydroxyaceto- 
phenone by means of aluminium amalgam, in a manner similar to 
that by which epinephrine has been obtained from its correspond- 
ing ketone (D.R.-P. 157300), but, although some change was 
effected by this means, the desired result was not attained. It 
was found, however, that sodium and boiling alcohol is a satisfactory 
reducing agent for this purpose. 

Five grams of w-amino-p-hydroxyacetophenone hydrochloride 
were dissolved in 250 c.c. of absolute alcohol in a flask attached 
to a reflux condenser, and 30 grams of metallic sodium gradually 
introduced in small pieces, under such conditions that the liquid 
was kept-:in a, state of rapid ebullition. When the metal had 
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dissolved, the mixture was quickly cooled, after which concentrated 
hydrochloric acid was added until the liquid ceased to be alkaline 
to litmus. The precipitated sodium chloride was then removed, the 
filtrate evaporated to dryness under diminished pressure, and the 
residue extracted with absolute alcohol. In this way, the remaining 
small amount of sodium chloride was removed. The alcoholic 
extracts were concentrated, ethyl acetate added, and the resulting 
mixture again evaporated. A relatively small amount of the 
unchanged hydrochloride then separated in a crystalline condition, 
and was removed. The filtrate contained a hydrochloride, which 
was nearly insoluble in ethyl acetate, but could not be induced to 
crystallise. When dissolved in water, this salt absorbed oxygen, 
even at the ordinary temperature, and this change occurred rapidly 
on evaporating the aqueous solution with the aid of heat. On 
rendering the solution of the salt alkaline with sodium carbonate, 
a base was precipitated, but this substance, like its hydrochloride, 
could not be crystallised, and it rapidly absorbed oxygen. The 
identity of this base as f-p-dihydroxy-8-phenylethylamine was, 
however, proved by means of its benzoyl derivatives. 

A quantity of the aqueous solution of the reduced hydrochloride 
was benzoylated by means of the Schotten-Baumann reaction. The 
product so obtained was crystallised from alcohol, when it melted 
at 145—175°, and obviously consisted of a mixture. By crystallisa- 
tion from benzene, it was ultimately separated into two substances, 
the more readily soluble of which formed slender needles, ‘melting 


at 182°: 


0°0999 gave 0°2737 CO, and 0°0461 H,O. C=74:'7; H=5'l1. 
C,,H.,0;N requires C=74°8 ; H=4°9 per cent. 
0°3110 in 30°6 of nitrobenzene gave Af—0°170°. M.W.=419. 
0°3572 ,, 35°0 ,, on » At—0°170°. M.W.=420. 
Cy9H,,0;N requires M.W.=465. 


It is evident from the above results that this substance was 
the tribenzoyl derivative of B-p-dihydroxy-B-phenylethylamine, 
BzO-C,H,-CH(OBz):CH,-NHBz, the molecular weight deter- 
minations clearly showing that it could not be a derivative of a 
pinacone. 

The more sparingly soluble constituent of the above-described 
mixture melted at 210°, and, when pure, formed glistening leaflets, 
which were nearly insoluble in benzene. It proved to be a 
dibenzoyl derivative corresponding with the above-mentioned tri- 
benzoyl compound, since it readily yielded the latter on further 
treatment with benzoyl chloride. Moreover, since the tribenzoyl 
derivative, when boiled with 80 per cent. alcohol, yielded this 
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dibenzoyl compound, melting at 210°, it would appear that the 
latter possesses the structure BzO-C,H,-CH(OH)-CH,*NHBz: 
0°1017 gave 0°2736 CO, and 0°0486 H,O. C=73'4; H=5°3., 

01070 ,, 0°2860 CO, ,, 0°0500 H,O. C=72°9; H=5:2. 

C..H;,0,N requires C=73'1; H=5'3 per cent. 

The results of the physiological experiments, recorded in the 
introductory portion of this paper, also afford confirmation of the 
fact that B-p-dihydroxy-8-phenylethylamine had been formed by the 
reduction of the w-amino-p-hydroxyacetophenone, although the 
former compound could not be isolated in a state of purity. 


As previously stated, attempts were made to prepare some of 
the above-described compounds by other means. Although the 
desired results were not thus attained, these experiments led to 
the production of a variety of new compounds, which are described 
below. 

p-Hydroxyacetophenone was reduced by means of sodium 
amalgam, both in alkaline and acid solutions, and also by aluminium 
amalgam. The greater part of the product was, in each case, a 
viscid oil, but a crystalline solid was also formed, the amount of 
the latter being greatest when the neutral reducing agent was 
employed. 

Twenty grams of p-hydroxyacetophenone were dissolved in a 
large volume of aqueous methyl alcohol, and a quantity of 
aluminium amalgam added. The mixture was kept, with occasional 
stirring, until the aluminium had disappeared, when the product 
was extracted with ether. The material obtained after removing 
the solvent was dissolved in ethyl acetate, when 7°5 grams of a 
solid, in the form of a crystalline powder, gradually separated. 
This product was crystallised from alcohol, when it formed small, 
colourless prisms, which melted at 207—208°. It was sparingly 
soluble in alcohol and in water, and nearly insoluble in ethyl 
acetate: 

0°1523 gave 0°3908 CO, and 0°0914 H,O. C=696; H=6°7. 

C,H,,0, requires C=69°6; H=7'2 per cent. 
CyoH;,0, 5, C=701; H=66 »” 

This substance proved to be the pinacone, C,gH,,0,, and not the 
desired secondary alcohol, as shown by the molecular weight of its 
tetra-acetyl derivative. The latter compound, formed in the usual 
way, crystallised from alcohol in colourless leaflets, which melted 
at 188—189°: 

0°1293 gave 0°3086 CO, and 0°0710 H,O. C=65'1; H=6'1. 

C.,H.,O, requires C=65'2; H=5'9 per cent. 


SubEcactene ee 
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0°1760 in 19°5 of benzene gave At—0°125°. M.W.=410. 
0°1098 ,, 22°2 ,, naphthalene gave At—0°080°. M.W.=426. 
C.4Hg0, requires M.W.=442. 


a-p-Hydroxy phenylethylamine. 


Eight grams of p-hydroxyacetophenoneoxime (m. p. 144—145°) 
were dissolved in 100 c.c. of aqueous methyl alcohol, and twice the 
theoretical amount of 2 per cent. sodium amalgam gradually intro- 
duced in small pieces, the mixture being constantly maintained 
acid by the frequent addition of acetic acid. When all reaction 
had ceased, the liquid was extracted with ether to remove un- 
changed oxime, after which it was rendered alkaline by means of 
potassium carbonate, and repeatedly extracted with amyl alcohol. 
The resulting amyl-alcoholic liquids were extracted with successive 
quantities of dilute hydrochloric acid, and the combined acid 
liquids concentrated under diminished pressure. a-p-Hydroay- 
phenylethylamine hydrochloride then separated in stout prisms, 
which were purified by recrystallisation from water. This salt is 
soluble in alcohol, and insoluble in ethyl acetate; it possesses no 
definite melting point, but gradually softens, and darkens at 
200—280°. Above the latter temperature it yields a sublimate of 
ammonium chloride, together with phenol, but it was ascertained 
that no p-vinylphenol was formed : 

0°1527 gave 0°3086 CO, and 0°0964 H,O. C=55'1; H=7°0. 

C,H,,0NCl1 requires C=55°4 ; H=6'9 per cent. 
a-p-Hydroxyphenylethyiamine, as obtained from its hydrochloride, 
was sparingly soluble in water or alcohol, and insoluble in ether 
or chloroform. It formed an amorphous, gum-like mass, which 
could not be crystallised. 

The dibenzoyl derivative, prepared by the Schotten-Baumann 
method, crystallises from dilute alcohol in fine needles, and melts 
at 187—188°: 

0°1528 gave 0°4280 CO, and 0°0758 H,O. C=76'4; H=5'5. 

Co9H,,0,N requires C=76°5; H=5'5 per cent. 
a-p-Hydrozy-N-benzoylphenylethylamine, HO-C,H,;CHMe-NHBz, 
was formed on heating the dibenzoyl derivative with 5 per cent. 
alcoholic potash. It crystallises from alcohol in large, hexagonal 
prisms, melting at 156°: 
0°1125 gave 0°3096 CO, and 0°0631 H,O. C=75'°0; H=6:2. 
C,;H,;;O,.N requires C=74'8; H=6'2 per cent. 

Several attempts were made to prepare a-p-dihydroxy-a-phenyl- 
ethane by the action of heat on the nitrite of a-p-hydroxyphenyl- 
ethylamine, but the products so obtained were very unstable in the 
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presence of air, rapidly yielding acetaldehyde and a brown resin. 
An experiment was therefore conducted in an atmosphere of carbon 
dioxide, and the product immediately acetylated by means of 
acetic anhydride. An oil was thus obtained, which distilled at 
about 200°/20 mm., and, on analysis, yielded the following result: 

0°1522 gave 0°3723 CO, and 0°0916 H,O. C=66'7; H=6°7. 

C,9H,.0, requires C=66°7; H=6'6 per cent. 

It would thus appear that this liquid was a monoacetyl derivative 

of a-p-dihydroxy-a-phenylethane. 


p-Vinylanisole Derivatives. 


a-Hydroxy-p-methoxy-a-phenylethane was prepared from anis- 
aldehyde by means of the Grignard reaction, and, with the use of 
hydrochloric acid, was converted into the chloride. The latter, on 
treatment with pyridine, forms p-vinylanisole (Klages, Ber., 1903, 
36, 3595). 

aB-Dibromo-p-methozy-a-phenylethane, MeO-C,H,-CHBr-CH.Br, 
was formed by the gradual addition of a cold ethereal solution 
of bromine to a solution of p-vinylanisole in the same solvent, 
cooled in ice. The new compound, which separates from the ether, 
was purified by recrystallisation from light petroleum, when it 
formed long, prismatic needles, melting at 80—81°: 

0°1351 gave 0°1710 AgBr. Br=53°9. 

C,H,,OBr, requires Br=54°4 per cent. 

In order to convert the above dibromo-derivative into the bromo- 
hydrin, MeO-C,H,-CH(OH)-CH,Br, it was dissolved in acetone 
containing 10 per cent. of its weight of water, and the solution kept 
at the ordinary temperature (Auwers and Miller, Ber., 1902, 35, 
114). It was ascertained, by titrating at intervals aliquot portions 
of the mixture, that the reaction proceeded regularly, and was 
completed quantitatively at the end of about seven and a-half 
hours. On isolating the bromohydrin, however, this compound was 
found to bea liquid. Nevertheless, the exact quantitative character 
of the change left no doubt regarding the nature of the product. 
With the endeavour to prepare an acetyl derivative from the 
liquid bromohydrin, the latter was heated with acetyl chloride. 
This resulted in the formation of a solid, which crystallised from 
light petroleum in needles, melting at 39—40°, and proved to be 
a-chloro-B-bromo-p-methoxy-a-phenylethane, 

MeO-C,H,°CHCI-CH,Br: 
0°2223 gave 0°2939 AgBr+AgCl. Br+Cl=46°0. 
C,H, ,OC1Br requires Br+Cl=46°3 per cent. 

The bromohydrin was treated with ammonia under a great 

variety of conditions, but only small amounts of basic products 
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could be obtained, even when anhydrous, liquid ammonia was 
employed. The chief products were, in every case, resinous 
materials and volatile, unsaturated oils. Experiments with the 
use of potassium phthalimide were equally unsuccessful. The small 
yields of basic products which were obtained from the bromohydrin 
by means of ammonia were fractionally precipitated as picrate. In 
this manner it was found that at least two compounds were present, 
one of which yielded a picrate, forming flattened needles, melting 
at 215°. The base from the latter crystallised from benzene in 
cubes, which melted at 165—166°: 

0°0520 gave 0°1394 CO, and 0°0348 H,O. C=73'1; H=7'4. 

C,H,,ON requires C=72'°5; H=7°3 per cent. 

It would thus appear probable that this compound was the base, 
MeO°C,H,-CH:CH-NH,. 

The other picrate obtained formed stout prisms, melting at 188°, 
and the corresponding base yielded a benzoyl derivative crystallising 
in needles, which fused at 108°, but the amounts were too small 
for analysis. 


m-A minostyrene. ‘ 


m-Aminostyrene was prepared from m-nitrobenzaldehyde by 
Komppa’s method (loc. cit.). It was converted into its hydro- 
chloride by passing dry hydrogen chloride into the dry ethereal 
solution of the base. The salt thus obtained could not be crystallised 
until water was introduced. The latter was then absorbed, with 
the evolution of heat, when crystallisation rapidly ensued. The 
product so obtained was crystallised from alcohol, and then formed 
well-defined prisms, which melted at 181°: 

0°1342, dried at 100°, gave 0°2705 CO, and 0°0581 H,O. C=55°0; 

H=7°0. 

0°3506 gave 0°2870 AgCl. Cl=20°3. 

C,H,N,HC1,H,O requires C=55°3; H=6°9; Cl=20°3 per cent. 

Although the water present in this hydrochloride was not expelled 
at 150°, it was, nevertheless, retained as water of crystallisation. 
This was shown by the fact that the amorphous, anhydrous hydro- 
chloride was again obtained from the regenerated base by treatment 
with dry hydrogen chloride. 

Benzoylaminostyrene, prepared by the Schotten-Baumann 
method, crystallises from alcohol in hexagonal plates, melting at 
126—127°, and, like the foregoing compound, tenaciously retains 
one molecule of water of crystallisation : 

0°1377, dried at 130°, gave 0°3755 CO, and 0°0796 H,O. C=74°4; 

H=6'4. 

VOL. XCV. 
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0°0998, dried at 130°, gave 0°2747 CO, and 0°0586 H,O. C=75'1; 
H=6'5. 
CH,:CH’C,H,’NH:CO-C,H,,H,O requires C=74'7 ; H=6'2 per cent. 
Komppa (loc. cit.) apparently regarded this compound as being 
anhydrous, and stated that it melted at 90—91°. 
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CCXXVIII.—A New Method for the Detection of 


Sodium, Caesium, and Rubidium. 


By WaLTER CRAVEN BALL. 


In a former paper (Trans., 1905, 87, 761), the author described 
several complex nitrites of bismuth, prepared from the yellow 
liquid obtained by the interaction of sodium nitrite and bismuth 
nitrate. Among the compounds described were bismuth sodium 
ammonium nitrite, Bi(NO,),,.2NH,NO,,NaNO,, and _ bismuth 
potassium nitrite, Bi(NO,),,3KNO,,H,O, both very soluble com- 
pounds. On endeavouring to prepare similar rubidium and cesium 
derivatives, it was found that dilute solutions of the nitrates of 
these metals produced yellow, crystalline precipitates with the 
reagent obtained from sodium nitrite and bismuth nitrate. These 
are triple nitrites of bismuth, sodium, and rubidium or cesium, and 
their formation serves as a very useful method for detecting these 
metals in presence of excess of potassium. The reaction for cesium 
is especially delicate. 

When, however, rubidium and cesium nitrates were added to 
the reagent obtained from potassium nitrite and bismuth nitrate, 
instead of from sodium nitrite and bismuth nitrate, the results 
were very different. Rubidium nitrate produced no precipitate, 
even when a concentrated solution was used, whilst cesium produced 
a precipitate, even when added in dilute solution, yet this pre- 
cipitate was very much smaller in amount than that obtained by 
adding the same quantity of cesium salt to the bismuth-sodium 
nitrite. reagent. The precipitate from cesium nitrate and the 
bismuth-potassium nitrite reagent was then examined, and was 
found to be the triple nitrite of bismuth, sodium, and cesium, 
mentioned above, and was quite free from potassium. 

It was evident that the potassium nitrite used (Kahlbaum’s 
purest) contained sodium nitrite, and that the bismuth-potassium: 
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nitrite reagent, to which cesium nitrate had been added, would 
be a delicate reagent for sodium in the presence of much potassium. 
It is necessary to use potassium nitrite as free as possible from 
sodium, as otherwise much cesium is wasted in precipitating this 
when making up the reagent as a test for sodium. Kahlbaum’s 
purest potassium nitrite was unsuitable for this purpose, as, 
although it was free from hydrate and nitrate, yet it contained 
about 1 per cent. of sodium nitrite, much more than is contained 
in the sticks of nitrite obtained from several other sources. 

The exact methods of testing for rubidium, cesium, and sodium 
are described below, together with the limits of the tests. 

The bismuth-sodium nitrite reagent is best prepared by dissolving 
50 grams of pure sodium nitrite in 100 c.c. of water, neutralising 
with nitric acid if necessary, and then adding 10 to 20 grams of 
powdered bismuth nitrate. The orange-coloured solution of 
bismuth-sodium nitrite must then be filtered, and kept in a well- 
stoppered bottle, as it absorbs oxygen, and becomes turbid when 
exposed to the air. 

The reagent is hydrolysed by the addition of an excess of water, 
with production of a white precipitate; and although this may be 
prevented by adding dilute nitric acid at the same time, the delicacy 
of the reagent is slightly diminished. It is therefore necessary to 
add the solution to be tested to a large excess of the reagent, 
acidified with one or two drops of dilute nitric acid. If the solution 
to be tested is dilute, the precipitate may take some time to form; 
in this case, the mixture should be kept from contact with the 
air in a well-stoppered vessel, in order to avoid any turbidity 
caused by oxidation. Should the liquid have become at all turbid, 
it may be cleared by the addition of one or two drops of dilute 
nitric acid. 

In testing for sodium, as described below, the same precautions 
must be observed. 

If the salt to be tested is a chloride, its concentration should be 
less than 1 per cent., as otherwise bismuth oxychloride may pre- 
cipitate and interfere with the test. In the case of rubidium, it is 
best to convert the chloride into the nitrate, which can be done by 
evaporating once with strong nitric acid. 

Nitrates and sulphates may be used in any concentration. 


Detection of Rubidium. 


On addition of 1 c.c. of a 2 per cent. solution of rubidium 
nitrate to 4 or 5 c.c. of the bismuth-sodium nitrite reagent, acidified 
with a few drops of dilute nitric acid, a bright yellow, crystalline 
precipitate forms at once. 

7a2 
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With a 0°5 per cent. solution, precipitation also occurs quickly, 
but a concentration half as great as this only gives a slight 
precipitate. 

Only the heavy metals and cesium interfere. The test thus 
affords an easy method for distinguishing rubidium from potassium, 
ammonium, lithium, thallium, etc., which give no similar pre- 
cipitates with the reagent. 

The precipitate formed is bright yellow and crystalline. It is 
not altered on heating at 100°, but, like all the bismuth nitrite 
derivatives, it is decomposed by water and dilute acids. It is a 
triple nitrite of bismuth, rubidium, and sodium, and gave, on 
analysis, NO,=40°40 per cent. As mentioned above, no similar 
precipitate is obtained on adding a rubidium salt to the bismuth- 
potassium nitrite reagent, but if to this mixture a solution of 
sodium nitrate be added, the same triple nitrite is thrown down. 
Prepared in this way, it gave, on analysis, NO,=40°74. 

Bi(NO,)3,2RbNO,,NaNO, requires NO,=40°71 per cent. 

The substance is thus probably similar’in formula to the bismuth 
sodium ammonium nitrite described in the former paper, and 
mentioned above. 

Detection of Caestum. 


The same bismuth-sodium nitrite reagent serves also as a much 


more delicate test for cesium. 

One c.c. of a 0°2 per cent. solution of cesium nitrate gives an 
immediate yellow, crystalline precipitate with 4 or 5 c.c. of the 
reagent. 

One c.c. of a 0°02 per cent. solution does not produce an imme- 
diate precipitate, but one forms after several hours. A fifth of a 
milligram of cesium in 1 c.c. is thus capable of being detected. 

The limitations of the test are similar to those in the case of 
rubidium. The precipitate is a bright yellow, crystalline powder, 
very similar to, but lighter in colour than, the rubidium compound. 
It is identical with the compound formed on adding a sodium salt 
to a mixture of the bismuth-potassium nitrite reagent and cesium 
nitrate, and its composition, apparently rather complex, is con- 
sidered in the next section. 


Detection of Sodium. 


A very delicate reagent for the detection of sodium is obtained 
by dissolving 50 grams of potassium nitrite (as free as possible 
from sodium) in 100 c.c. of water, neutralising with nitric acid, 
and adding 10 grams of powdered bismuth nitrate. To this liquid, 
after filtration, a 10 per cent. solution of cesium nitrate is added 
until the powdery, yellow precipitate invariably produced (due to 
traces of sodium in the potassium nitrite) ceases to be formed 
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on keeping the liquid for several hours. The liquid is then 
filtered, and the addition of the cesium continued until the total 
amount of cesium salt used is about 2°5 grams. If the potassium 
nitrite used should contain much sodium salt, a correspondingly 
larger amount of the cesium salt must be added. The reagent is 
most sensitive when a precipitate of yellow, hexagonal plates (due 
to a nitrite of bismuth and cesium) forms on further addition of 
the cesium salt. The total volume of the reagent prepared in this 
way should be about 150 c.c. The proportions may be varied, but 
those given seem to give the most satisfactory results. The reagent 
must be exposed to the air as little as possible and, if turbid, it must 
be filtered before use. 

One per cent. solutions of sodium nitrate or sulphate give an 
immediate yellow, crystalline precipitate with the reagent acidified 
with a few drops of dilute nitric acid. Solutions of half this 
strength also produce an almost immediate precipitate. 

0°1 c.c. of a 0°5 per cent. solution of sodium (as nitrate) gave a 
considerable precipitate within five minutes with 2 c.c. of the 
reagent. 

01 cc. of a Ol per cent. solution of sodium (as nitrate) gave 
with 2 c.c. of the reagent a satisfactory precipitate within thirty 
minutes. 

05 cc. of a 0°01 per cent. solution of sodium (as nitrate) 
(=0°00005 gram of sodium) gave with 2 c.c. of the reagent a 
precipitate within twelve hours. 

0°1 cc. of a 0°01 per cent. solution of sodium (as nitrate) 
(=0°00001 gram of sodium) gave with 2 c.c. of the reagent a 
precipitate within twelve hours; this was easily visible to the 
naked eye, and, under the microscope, was seen to consist of a large 
number of characteristic, minute, yellow crystals (octahedra ?). 

Thus, about 0°01 milligram of sodium can be easily detected by 
this test in the presence of much potassium salt. With the 
potassium antimonate test for sodium, it is difficult to obtain a 
satisfactory precipitate of acid sodium pyroantimonate when the 
concentration of sodium salt is much less than 1 per cent., and 
almost all the other metals, including calcium, barium, lithium, and 
ammonium interfere with the test. 

Most of the heavy metals interfere when testing for sodium with 
the bismuth-cesium reagent, as they produce precipitates of double 
bismuth nitrites, which are often highly crystalline. Some of 
these, particularly the silver compound, have been obtained in a 
pure state. Cobalt interferes owing to the production of insoluble 
cesium cobaltinitrite. Nickel salts produce a brown, micro- 
crystalline precipitate. Zinc, cadmium, magnesium, barium, 
calcium, strontium, lithium, thallium, and potassium do not inter- 
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fere. Ammonium salts do so only in so much as they react with 
the nitrous acid of the reagent, giving rise to an evolution of 
nitrogen, but it is easy to detect a milligram of sodium salt in 
presence of a gram of ammonium nitrate. 

The composition of the yellow precipitate obtained in testing 
for sodium was not easily ascertained. The analytical results did 
not agree well with the formula Bi(NO,)3,2CsNO,,NaNO,, which 
might have been expected from analogy, and the fact that the 
ratio between the cesium and sodium was 3 atoms of cesium to 
2 of sodium, made the following formula the only possible one: 

5Bi(NO,)3,9CsNO,,6NaNOg. 

The analytical results given below, which are the means of 
several results, are in very good agreement, except as regards the 
bismuth, which is too high. It will be noticed that the number of 
NO, groups combined with the bismuth and with the sodium and 


cesium is the same. 
Equivalent of 
Bi, NO,, Cs+Na, the mixture 
per cent. per cent. per cent. of Cs + Na, 
86°05 88°9 


Mean=28°38 Mean=36°6 
27°7 36°7 35°6 9Cs + oR 200 


5Bi(NO,)3, 9CsNO,,6NaNO, 
requires 


Quantitative Determination of Sodium by Means of the Reagent. 


Preliminary experiments have been made, which indicate that 
small quantities of sodium, whether present as nitrate, sulphate, or 
chloride, may be accurately estimated by the above method. 

(1) Sodium nitrate used =2 c.c. of a solution containing 0°004944 
gram of sodium per c.c.=0°00989 gram Na. Precipitate =0°2675 
gram. 5Bi(NO,),,9CsNO,,6NaNO, contains Na=3°'675 per cent. 
Hence Na found=0°00983 gram. 

(2) Sodium chloride used = 2 c.c. of a solution containing 0°003143 
gram of sodium per c.c.=0°0063 gram Na. Precipitate=0°1658 
gram. Hence Na found=0°0061 gram. 

(3) Determination of sodium in Kahlbaum’s special potassium 
nitrite. 0°893 gram gave 0°0630 gram precipitate. Hence Na 
found =0°00232 gram, or NaNO,=0°00695 gram=0°78 per cent. 


The author is at present making a more complete study of the 
quantitative estimation of sodium by this method, and hopes to 
piesent a further communication with regard to it. 


CHEMICAL LABORATORY, 
Guy’s Hospirat, §,E, 
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CCXXIX.— Direct Proofs of the Presence of the Hydroxyl 
Group in Derivatives of Anhydroacetonebenzil. 
By Francis WILLIAM GRAY. 


Japp and his pupils, by acting on benzil with various ketones in the 
presence of alkali hydroxides, have obtained a number of condensation 
products, of which the following, together with their derivatives, 
have now been further investigated. 

Anhydroacetonebenzil (m. p. 148°; I), its a-methyl (m. p. 118° and 
133°5° ; II), B-methyl (m. p. 180°; III), a8-dimethyl (m. p. 150°; IV), 
BB-dimethyl (m. p. 181°; V), thenegildene (m. p. 213:5° and 232°; 
V1), benzylidene-a-methyl (m. p. 225°; VII), and f-isopropylidene 
(m. p. 205°5°; VIII) derivatives. 


CPh(OH): CPh CPh(OH)-¢Ph — CPh 


ih ogg gg —— gy gp. 
(1.) (IL) 7 as 
CPh(OH)-CPh CPh(OH)-CPh 
Me, 
meet ned | a ON. 99 
"Wes (V.) 
CPh(OH)-CPh speque-CPh(OH)-CPh 
ep | CHPAICK Har 
WD CPh(OH)-CPh 0 a 
) N 
OMeCC io He 
wa 


As all these substauces contain a hydroxyl group, an acetyl deriv- 
ative should be obtainable in every case. I find it possible to acetylate 
Nos. V and VI with acetic anhydride containing a few drops of 
concentrated sulphuric acid,* and Japp and Knox (Trans., 1905, 87, 
675) by the same method acetylated No. VIII. All experiments 
made previously by other investigators with the view of acetylating 
anhydroacetonebenzil and its derivatives have either left the original 
substance unchanged or have Jed to dehydration products, and I have 
had a similar experience except in the cases mentioned above. 

For the formation of an acetyl derivative it seems essential that 
both hydrogen atoms of the methylene group in anhydroacetone- 
benzil should be displaced, but in one case, namely, in benzylidene- 
a-methylanhydroacetonebenzil (VII), where this condition is satisfied, 
dehydration occurs ; the’ product, however, differs in its nature from 
that obtained in the study of the first four substances. 

When anhydroacetonebenzil is treated with hot dilute sulphuric 

* In the remainder of the introduction this reagent will be referred to as ‘‘ acetic 
anhydride and sulphuric acid.” 
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acid (Japp and Burton, Trans., 1887, 51, 425), or with acetic 
anhydride and sodium acetate (Japp and Lander, Trans., 1897, 71, 
130), it yields the dehydration product, but with acetic anhydride 
it remains unchanged (Japp and Miller, Trans., 1885, 47, 33). The 
behaviour of the dehydration product on heating led Japp and Burton 
to represent the dehydration thus : 

20,,H,,0, = C,,H,,0, + 2H,O. 

The behaviour of the dehydration derivative on heating a little 
above its melting point agrees almost exactly with the equation ; 

C,,H,,0, = C,,H,,0 + CO. 

Japp and Meldrum (Trans,, 1901, 79, 1031), by boiling a-methyl- 
anhydroacetonebenzil with dilute sulphuric acid, or with glacial acetic 
acid, obtained a dehydration product, C,,H,,O,, melting and decom- 
posing at 230°. The reaction is represented by the equation : 

2C,,H,,0, - 2H,0=C,,H,.0., 
and is analogous to the dehydration of anhydroacetonebenzil, Japp 
and Meldrum obtained the same dehydration product from B-methy]- 
anhydroacetonebenzil by the action of anhydrous formic acid, 
whereas desylenemethyl ethyl ketone, COPh-CPh:CH:COEt, was 
formed by the action of glacial acetic acid. 

I have prepared these dehydration products by other methods, and 
have obtained also the dehydration products of af-dimethylanhydro- 
acetonebenzil and _ benzylidene-a-methylanhydroacetonebenzil, the 
ethyl ethers of a-methylanhydroacetonebenzil and _ benzylidene-a- 
methylanhydroacetonebenzil, and the acetyl derivatives of £-di- 
methylanhydroacetonebenzil and benzylideneanhydroacetonebenzil. 

By boiling anhydroacetonebenzil with absolute alcohol and sulphuric 
acid, or by treating it with cold acetic anhydride and sulphuric acid, 
the dehydration product is obtained ; cold glacial acetic acid, con- 
taining a few drops of concentrated sulphuric acid, leaves the substance 
unchanged. Acetic anhydride and sulphuric acid effect dehydration 
of a- and £f-methylanhydroacetonebenzil. On boiling a-methyl- 
anhydroacetonebenzil with ethyl alcohol and sulphuric acid, the ethyl 
ether is obtained, and when methyl alcohol is used}in this reaction, 
the methyl ether is formed. $-Methylanhydroacetonebenzil is not 
attacked when boiled with ethyl alcohol and sulphuric acid, or when 
treated with cold glacial acetic acid containing a few drops of 
concentrated sulphuric acid. 

Cold acetic anhydride and sulphuric acid, and also cold glacial 
acetic acid containing a few drops of concentrated sulphuric acid, 
effect dehydration in a8-dimethylanhydroacetonebenzil. The reaction 
may be represented by the equation : 

2C,H,,0, — 2H,0 = C..H5,0). 
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Tbe product melts at 181—182°, and evolves carbon monoxide. 
The action of heat may, on the analogy of the behaviour of the 
dehydration product of anhydroacetonebenzil, be represented as 

CygH 0. = Cg,H 0 + CO. 
Whilst there are indications that this analogy holds good, yet neither 
for the dehydration product of a-methylanhydroacetonebenzil nor for 
that of af-dimethylanhydroacetonebenzil have I obtained exact 
quantitative results, such as were found in the case of the anhydro- 
acetonebenzil dehydration product. 

The dehydration product of -benzylidene-a-methylanhydroacetone- 
benzil is prepared by the action of cold acetic anhydride and sulphuric 
acid ; it melts at 245°, no evolution of gas being observed. 

In this case possibly one molecule of the original substance yields 
one molecule of the dehydration product, thus : 

CPh(OH):CPh , , -~_~CPh.CPh 
Cnnndts OP ~ CRIN. bon? 


the double linking in the five-carbon ring changing its position, 
whereas in the case of the four other dehydration products two 
molecules of the original substance give one molecule of the dehydra- 
tion product. 

By boiling benzylidene-a-methylanhydroacetonebenzil with absolute 
ethyl alcohol and concentrated sulphuric acid, the ethyl ether is 
produced, 

Thus, whilst the direct evidence of acetylation has not been forth- 
coming as a proof of the presence of the hydroxyl group in Nos, I, I, 
III, IV, and VII of the above list, yet in the case of a-methyl- and 
benzylidene-a-methyl-anhydroacetonebenzil I have succeeded in pre- 
paring ethyl ethers by the action of boiling absolute alcohol and 
sulphuric acid, 

It is to be noted that, when the ethyl ether is obtained by this 
method, the original substance contains a methyl group in the 
a-position, The same treatment gives in the case of anhydroacetone- 
benzil the dehydration derivative, and leaves the benzylidene-B- 
methyl and f$f-dimethyl derivatives unchanged. The action on 
af-dimethyl- and £-isopropylidene-anhydroacetonebenzil has not been 
tried, 

In this connexion it may be remarked that the same treatment 
yields an ethyl derivative in the case of a-methylanhydroacetone- 
dibenzil (Japp and Meldrum, Joc. cit., p. 1035). This agrees with the 
above rule, to which there is no exception. 

The ethyl ether of a-methylanhydroacetonebenzil (m. p. 110°) yields 
on reduction with concentrated hydriodic acid, 3:4-diphenyl- 
2-methyl-A*-cy clopentenone, already obtained by Japp and Meldrum 


CHPh:C< 
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(Joc. cit.) by the reduction of a-methylanhydroacetonebenzil; again 
the ethyl ether of a-methylanhydroacetonebenzil yields a-methyl- 
anhydroacetonebenzil on oxidation with hydrogen peroxide, and a 
benzylidene derivative when treated with benzaldehyde and alcoholic 
potash. This derivative is also produced by the action of boiling abso- 
lute alcohol, containing a few drops of concentrated sulphuric acid, on 
benzylidene-a-methylanhydroacetonebenzil, as was to be expected. 

Its formation from the ethyl ether of a methylanhydroacetonebenzil 
is to be taken as a proof of the presence of the group CH,°CO in the 
latter. Wallach and others have shown that the condensation of 
aldehydes with cyclic ketones takes place only when the latter contain 
a methylene group directly attached to carbonyl. 


I XPERIMENTAL. 
Dehydration Product of a8-Dimethylanhydroacetonebenzil, C,H .0.. 


Five grams of af-dimethylanhydroacetonebenzil, 20 c.c. of acetic 
anhydride, and 10 drops of concentrated sulphuric acid were mixed 
at the ordinary temperature. The liquid became green, and crystals 
quickly separated out (3°8 grams). On recrystallisation from hot 
alcohol, Jong, rectangular prisms were obtained, melting and decom- 
posing at 181—182°: 

0°1495 gave 0°4807 CO, and 0:0832 H,O. C=87:66; H=6'18.* 

C,,H,,0, requires C= 87°69 ; H=6'15 per cent. 

Analogous dehydration products have already been prepared by 
other experimenters, and new methods of preparing these substances 
have been discovered in the present research, as explained above. 

Of these, the simplest is that in which acetic anhydride and 
sulphuric acid are employed, the preparation being analogous to that 
just described, except that in the other cases the product is not 
obtained in so short a time. A very minute proportion of concentrated 
sulphuric acid is effective. 


4-Ethoxy-3 : 4-diphenyl-2-methyl-A®-cyclopentenone, 
CPh(OEt)-CPh 
CH, | eiaggh 
1s<c¢o———CMe 


A mixture of 3 grams of a-methylanhydroacetonebenzil, 60 c.c. of 
absolute ethyl alcohol, and 3 drops of concentrated sulphuric acid was 
boiled for three hours. Water precipitated a solid, which crystal- 


* At least two analyses were made in the great majority of cases in this and the 
following paper, but only One analysis is given here as elsewhere in order to save 
space, 
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lised from its hot alcoholic solution in lustrous lamine melting 
at 110°: 

0°1504 gave 0:4537 CO, and 0:0953 H,O. C=82:27; H=7:05. 

C,)H,,O, requires C = 82:19 ; H = 6°85 per cent. 

Action of Hydrogen Peroxide.—When a mixture of 3 grams of 
this substance, with sufficient glacial acid to dissolve it, and 200 c.c. 
of hydrogen peroxide (6 per cent.) was heated on the water-bath for 
four hours, a-methylanhydroacetonebenzil was obtained in good yield. 

Action of ITydriodic Acid.—A mixture of 2 grams of 4-ethoxy-3 : 4- 
diphenyl-2-methy]l-A?-cyclopentenone and 20 grams of concentrated 
hydriodic acid (D 1:96) was boiled for four minutes. After adding 
water, the precipitate was extracted with ether, the ethereal solution 
shaken with sulphurous acid and then with sodium carbonate solu- 
tion, and dried. On spontaneous evaporation, pale yellow, six-sided, 
oblique, flat prisms or plates separated, which, when recrystallised 
from light petroleum, melted at 77—78°, and were proved to consist of 
3 : 4-dipheny]-2-methyl-A*-cyclopentenone. 


4-Methoxy-3 : 4-diphenyl-2-methyl-A?-cyclopentenone, 


CPh(OMe)-CPh 
CH<oo ~C Me 


The preparation of this substance is similar to that of the corre- 
sponding ethyl ether. It crystallised from alcohol in small, rectangular 
plates melting at 69°: 

0°1650 gave 0-4959 CO, and 0:0983 H,O. C=81:96; H=€-62. 

C,,H,,0O, requires C= 82°01 ; H=6°47 per cent. 


4-Ethoxy-3 : 4-diphenyl-5-benzylidene-2-methyl-A°-cyclopentenone, 


OHPRIO On tae 


This substance was prepared by two methods : 

(1) Two grams of 4-ethoxy-3 : 4-dipheny]-2-methyl-A*-cyclopentenone 
were dissolved in alcoholic potash (3 grams of potassium hydroxide in 
50 grams of absolute alcohol), and 1 gram of benzaldehyde was added, 
the mixture being kept at the ordinary temperature for twenty-four 
hours. The crystals which separated, after recrystallisation from hot 
alcohol, contained alcohol of crystallisation, and melted at 149°5°. 
When crystallised from light petroleum, they sepirated in long, six- 
or eight-sided plates, melting at 150°. The total yield was about 
2 grams. After being kept overnight in a vacuum over sulphuric 
acid, the subs tance crystallised from alcohol was analysed : 
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0°1652 gave 0°5025 CO, and 0:1004 H,O. C=82°94; H=6°75. 

0°2439, heated at 120°, lost 0°0110. EtOH =4°59. 
2C,,H,,0,,EtOH requires C = 83°37 ; H=6-°70 ; EtOH = 4°57 per cent, 

After being kept in a vacuum over sulphuric acid for several 
days: 

0°1560 gave 0:4831 CO, and 0:0928 H,O. C=8445; H=6°61. 

C,,H,,0, requires C= 85°20 ; H=6°31 per cent. 

The substance had therefore not completely parted with its alcohol. 
A specimen freed from its alcohol by heating has not yet been 
analysed. It seems likely, however, that the above formula would 
be confirmed. 

(2) A mixture of benzylidene-c-methylanhydroacetonebenzil, ethyl 
alcohol, and concentrated sulphuric acid was boiled for several hours, 
and the product recrystallised from alcohol. The first crop’of crystals 
consisted of unchanged substance. The crystals from the mother 
liquor were treated with three successive portions of boiling light 
petroleum, when the second and third portions gave unchanged sub- 
stance, but from the first extract there were deposited pale yellow, six- 
or eight-sided plates and a small amount of minute, white crystals, 
These, being : specifically lighter, were separated from the heavier, 
yellow crystals by means of hot light petroleum. The latter crystals, 
of which the yield was poor, were identified by the mixed melting- 


point test as 4-ethoxy-3 ; 4-diphenyl-5-benzylidene-2-methyl-A?-cyclo- 
pentenone. 


3 : 4-Diphenyl-5-benzylidene-2-methylene-A®-cyclopentenone, 
«c_-CPh:CPh 
CHPh:C< 9 —¢:0H, 


This substance was prepared as foliows : 

Ten grams of benzylidene-a-methylanhydroacetonebenzil, 60 gramss 
of acetic anhydride, and 6 drops of concentrated sulphuric acid were 
kept at the ordinary temperature for four days, and the red solid 
which had precipitated was washed with alcohol. After crystallisa- 
tion from benzene and light petroleum, and then from benzene and 
alcohol, 2 grams of a yellow substance, melting at 245°, were 
obtained. This was insoluble in alcohol, and very soluble in 
benzene : 

0°1454 gave 0°4746 CO, and 0:0710 H,O. C=89°00; H=5-42. 

C,;H,,O requires C= 89°8 ; H=5°4 per cent. 
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4-Acetoxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopentenone, 


CHPLC On. 


Sixteen grams of benzylideneanhydroacetonebenzil (m. p. 232°), 
128 c.c. of acetic anhydride, and 16 drops of concentrated sulphuric 
acid were mixed, and kept at the ordinary temperature for twenty- 
four hours. More than this amount of sulphuric acid was found to 
blacken the mixture. The solid which precipitated was separated by 
filtration, washed with cold alcohol, and extracted with successive 
portions of boiling alcohol, from which it crystallised in very slender, 
yellow needles, melting at 175°. The yield was 8 grams. The same 
substance was obtained in a similar experiment performed with the 
modification of benzylideneanhydroacetonebenzil : melting at 213°5° 
(see following paper) : 

0°1354 gave 0°4078 CO, and 0:0659 H,O. C=82:14; H=5-40. 

C.gH..0, requires C=82°10; H=5-26 per cent. 


4-Acetoxy-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone, 


CPh(OAc)*CPh 
OMe CH’ 


As a large amount of this product was required for experiments 
on its hydrolysis (see following paper), the method of employing a 
mixture of acetic anhydride and sulphuric acid at the ordinary 
temperature was varied by reducing the quantity of anhydride and 
acid, whereby the yield of acetyl derivative was improved: 72 grams 
of £B-dimethylanhydroacetonebenzil, 120 grams of acetic anhydride, 
and 15 drops of sulphuric acid were heated on a sand-bath until all 
the solid had dissolved ; on cooling, large, stout, oblique, four-sided 
plates separated, which, when recrystallised from alcohol, melted at 
137°. The yield was 77 grams: 

0°1448 gave 0°4157 CO, and 0°0843 H,O. C=78:30; H=6°47. 

C,,H,,0, requires C=78°75 ; H = 6-25 per cent. 

A negative result was obtained with glacial acetic acid and 

concentrated sulphuric acid. 


CHEMICAL DEPARTMENT. 
UNIVERSITY OF ABERDEEN, 
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CCXXX.—Isomerides of Anhydroacetonebenzil and its 
Derwatives. 
By Francis Witiiam Gray. 


By treating the acetyl derivatives of benzylideneanhydroacetonebenzil 
and #f-dimethylanhydroacetonebenzil (see preceding paper) with 
alcoholic potash, substances were obtained isomeric with the parent 
compounds, but differing from these in physical and chemical behaviour. 
The products of deacetylation are soluble in aqueous potassium 
hydroxide, and are precipitated from the solution with carbon dioxide, 
thus behaving like monohydric phenols; they also give the ferric 
chloride colour test characteristic of these compounds. 

Japp and Knox treated the acetyl derivative of B-isopropylidene- 
anhydroacetonebenzil in the same way with alcoholic potash. The 
resulting substance was not isolated in the pure state, but it showed no 
sign of dissolving in aqueous potassium hydroxide, and I found that it 
did not give a coloration with ferric chloride, so that the deacetylation 
in this case does not seem to proceed in the same way as do the 
deacetylations already men tioned. 

In the two cases mentioned above, where deacetylation leads to 
new phenolic compounds, the constitution of the latter has been 
investigated, and it has been found that benzylideneanhydroacetone- 
benzil (3 : 4-diphenyl-5-benzylidene-A?-cyclopenten-l-one-4-ol) yields 
3 : 4-diphenyl-5-benzylidene-A*-cyclopenten-1-one-2-ol, 

CPh(OH)-CPh CPh(OAc):CP 

CHPh:C< 6 ( m —> CHPhCC), P caine -> 

-~ ~CHPh:’CPh 
CHPh: C<9—1)-0n” 
and #B-dimethylanhydroacetonebenzil (3 : 4-diphenyl-5 : 5-dimethy]-A®- 
cyclopenten-1-one-4-ol) gives 3 : 4-diphenyl-5 : 5-dimethyl-A®-cyclopenten. 
1-one-2-ol, 


_CPh(OH)-CPh CPh(OAc)-CPh 


CMe i —> CMe =< o9— 


*“<co— —CH aeeneee* | 


CHPh-CPh 
CMe<o9—-U-OH" 


On deacetylation of their acetyl derivatives (prepared by means of 
acetic anhydride and sulphuric acid), the 2-hydroxy-compounds are 
regenerated. 

When the results obtained with boiling acetic anhydride alone as an 
acetylating agent are considered, there are introduced in the case of 
the first substance, possibilities which make the changes more 
complicated than the above. This will be explained later. — 


‘s 


AND ITS DERIVATIVES. 2139 


Thus, in the present research, 2-hydroxy-compounds have been 
obtained isomeric with two of the eight 4-hydroxy-compounds men- 
tioned in the list given at the beginning of the preceding paper. In 
the case of one of the three 4-hydroxy-compounds which give acetyl 
derivatives, hydrolysis does not yield a 2-hydroxy-isomeride, so that in 
the case of the five substances from which acetyl derivatives have not 
been prepared, the method of the present research might not lead to 
2-hydroxy-isomerides even if acetyl derivatives or other esters should 
be prepared, and even if the 2-position in the five-carbon ring is 
occupied by the hydrogen atom. But other methods may be available. 
In fact, the 2-hydroxy-isomeride of anhydroacetonebenzil itself has 
been prepared by Vorlinder and Schroedter (Ber., 1903, 36, 1490 ; 
compare also Vorlinder and von Liebig, Ber., 1904, 37, 1133; von 
Liebig, Diss., Halle, 1904 ; and Metge, Diss., Halle, 1904). 

Vorlinder and Schroedter, by acting with acetic anhydride and a 
large quantity of concentrated sulphuric acid on dibenzylideneacetone, 
obtained a substance, C,,H,,0,Ac(H*SO,H), from which, on hydrolysis, 
was obtained a compound, C,,H,,0,, to which they assigned the 
constitution : 

CHPh:-CPh 
CBs co—C-0H’ 

The constitution of the intermediate compound, C,,H,,0,Ac(H*SO,H) 
has not been ascertained, but the fact that the final reduction product 
of the 2-hydroxy-compound (namely, the hydrocarbon, C,,H,, or 
CHPh-CH, 
CHPh:-CH, 
from the 2-hydroxy-compound, and from the intermediate reduction 
product of the 2-hydroxy-compound (namely, from the ketone, C,,H,,0, 
(Y ° . 

Nar, oti or aa by reduction with hydriodic 
acid, is given as evidence in support of the theory that the five- 
carbon ring is present in the intermediate compound, 

C,,H,,0,Ac(H°SO, 4H), 

and against the theory that the closing of the five-carbon ring 
takes place on hydrolysis. It cannot be maintained, however, that 
the position in the ring occupied by the acetoxy-group is the same 
as that occupied by the hydroxyl group of the 2-hydroxy-compound 
obtained on hydrolysis. Further, in the light of the results here 
described, it seems possible that the first hydroxyl group may occupy 
the 4-position. Thus, the method of preparing the acetyl derivative 
of the 2-hydroxy-compound, and then treating it with sodium 
hydrogen sulphite, the method adopted by Metge in attempting 
unsuccessfully to synthesise the compound, C,,H,,0,Ac(H-*SO,H), even 


>>CH,) is ‘obtained from the sulphurous acid compound, 
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if it gave a substance of the desired percentage composition, might 
lead to one of different constitution. 
In defence of the constitution given above for the substance 
C,,H,,0,, Vorlinder quotes the following experimental results : 
Boiling with concentrated aqueous potassium hydroxide gave 
deoxybenzoin and monomethylstilbene, C;H,*CMe:CH-C,H,, showing 
that the following change had occurred : 


| a al 
CHPh:CH~ ,, CPh-G 
CHPh:CH? Co -> Op). >: 

| i 


the two B-carbon atoms of dibenzylideneacetone uniting, and the five- 
carbon ring being formed. 

Oxidation with chromic acid or with permanganate gave benzil and 
desylacetic acid, CHPhBz*CH,-CO,H. 

This, ;and the fact that a benzylidene derivative was formed by 
condensation with benzaldehyde, agree with the structure : 


CPh-------—- oO. 
OHPh-CH,7 0? 
As far as these results are concerned, the constitution might be 
CHPh—CO CPh:-C(OH) 


CHPh: CH, PCO or birpp- CH, >00. 


No sign of a quinoxaline derivative has been observed on treatment 
with o-phenylenediamine, so that the former formula is improbable. 
The latter is therefore chosen; and this is confirmed by the acid 
properties of the substance, and the formation of acetyl and benzoyl 
derivatives. 

The benzylidene derivative cf Vorliinder’s 2-hydroxy-compound, 
referred to above, is of considerable importance in connexion with the 
present research. Before knowing that von Liebig had prepared this 
derivative, it occurred to the author that it might be of interest to 
prepare this substance from Vorliinder’s 2-hydroxy-compound and to 
compare it with the 2-hydroxy-isomeride of benzylideneanhydroacetone- 
benzil, obtained by the method described in the present paper. It was 
to be expected that these two benzylidene compounds would be identical. 

The benzylidene-2-hydroxy-compound prepared, for comparison, by 
Vorlinder’s method had the correct percentage composition, C,,H,,0,, 
and agreed with the description given by von Liebig, crystallising in 
fine, yellow needles (m. p. 223°). 

The benzylidene-2-hydroxy-compound obtained from benzylidene- 
anhydroacetonebenzil had the same appearance, but melted at 216°. 

These two compounds are chemical isomerides. This is not a case 
of dimorphism, but, perhaps, of maleoid and fumaroid isomerism. 
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The two substances give the same dark brown coloration with ferric 
chloride, and they yield, on acetylation in the cold with acetic 
anhydride and sulphuric acid, the same acetyl derivative (yellow 
needles, m. p. 175—176°), from which, on deacetylation, the 2-hydroxy- 
compound, melting at 216°, is obtained. It should be noted, however, 
that in this acetylation of the 2-hydroxy-compound melting at 216°, a 
very small quantity of another substance (acetyl derivative) is 
obtained, crystallising in almost colourless plates, melting at 148—152° 
(softening at 148°). 

Again, these 2-hydroxy-compounds, when boiled with acetic 
anhydride alone, both give the same acetyl derivative, crystallising in 
almost colourless plates, melting at 148—152° (according to ven 
Liebig, almost colourless, oblique prisms, m. p. 148—149°), which was 
shown by the mixed melting-point test to be the same as the substance 
obtained in small quantity by acetylation with acetic anhydride and 
sulphuric acid. The acetyl derivative melting at :148—152° yields, 
on deacetylation, the 2-hydroxy-compound melting at 223°. 

The direct transformation of the more soluble and less stable 
2-hy droxy-compound, melting at 216°, into the less soluble and more 
stable 2-hydroxy-compound, melting at 223°, can be effected by means 
of a concentrated solution of hydrogen chloride in absolute alcohol. 
The 2-hydroxy-c mpounds may have the configurations : 


H Ph 
-. -CHPh-CPh -. ~CHPh:CPh 
3C d Ca ; 
Pr <co—ton 22! 9°<oo—Hon 


No experimental results, however, are available for settling which 
of these configurations is to be assigned to the more stable substance, 
nor are there even, so far as the author is aware, any analogies which 
might serve as a guide in arriving at a conclusion. 

Experiments carried out with the 2-hydroxy-isomeride of B£-di- 
methylanhydroacetonebenzil, C,,H,,O, (m. p. 155—156°), lead to a 
constitution similar to that given by Vorlinder to the 2-hydroxy- 
isomeride of anhydroacetonebenzil : 

(1) Oximation experiments were successful in the case of 
£8-dimethylanhydroacetonebenzil and its acetyl derivative, but failed 
in the case of the 2-hydroxy-compound, with which hydroxylamine 
seems to react, giving two substances, of which the amounts obtained 
were too small for analysis. A phenylhydrazone, however, is obtained 
with the 2-hydroxy-compound. These results show the presence 
of one carbonyl group in each of the substances examined. 

(2) A methyl ether, C,,H,,O(OMe) (m. p. 88°5°), and an acetyl 
derivative, C,,H,,O(OAc) (m. p. 92°5°), were obtained. 

(3) Reduction of the 2-hydroxy-compound with hydriodic acid 
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yields a neutral substance, C,,H,,O (m. p. 153°), which reacts 
with hydroxylamine ; to this substance the formula 
CHPh:CHPh 
CMe,< co—c H, 
may be assigned. 

BB-Dimethylanhydroacetonebenzil should, on reduction, yield the 
same product, but no definite substance could be isolated from this 
reaction. 

(4) Oxidation with permanganate or with hydrogen peroxide gives 
a-desylisobutyric acid, COPh-CHPh-CMe,°CO,H. 

(5) Oxidation with potassium hypobromite gives an acid, C,,H,,0, 
(m. p. 197°), to which the following constitution has been aE 


‘HPh- a ).H 
CMe — ‘ CO. 57,0. 


This structure agrees with the ee properties of this acid: 
(a) It loses a molecule of water at 113°. (6) It is inert towards 
acetylating agents. (c) It is inert towards hydiiodic acid unless the 
mixture is heated with red phosphorus in a sealed tube at 150°, when it 
yields By-diphenyl-aa-dimethylbutyric acid, CH,Ph-CH Ph-CMe,°CO,H, 
and the lactone of y-hydroxy-y-diphenyl-aa-dimethylbutyric acid, 
foe) CHPh 


CMe. CLG d 

(d) It is a monobasic acid, as shown by the analysis of its silver 
salt and by titration with standard alkali. 

(e) It isa lactone of the acid CO,H*CPh(OH)-CHPh-CMe,°CO,H, 
the disodium salt of which has been prepared from the acid C,,H,,.0,, 
the lactone ring being broken in the process. 

(6) The experiments with potassium hydroxide were of considerable 
importance in the case of Vorlinder’s 2-hydroxy-compound, showing, 
as they did, that the two B-carbon atoms of dibenzylideneacetone had 
united, the five-carbonxring being formed. Now, although the same 
experiment does not throw the same light on the constitution of the 
2-hydroxy-isomeride of $$-dimethylanhydioacetonebenzil (the benzil 
residue being already present in #8-dimethylanhydroacetonebenzil), 
it seemed likely that the product obtained would be isopropylstilbene 
on the analogy of Vorliinder’s experiment which gives monomethy]- 
stilbene, thus : 

CH, —— ‘sl _-» CMePh:CHPh 


HPh-CPI 
CMe<oo call >» CHMe,*CPh:CHPh. 


The product, however, was stilbene itself. This result is not to be 
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regarded as inconsistent with the constitution indicated by the other 
experiments described in this paper. 

The oxidation experiments and the empirical formula show that 
the structure of the 2-hydroxy-compound must be 


CHPh:CPh- 
CMe d oe. 
“N 
Acetylation and methylation experiments show that the substance 
contains a hydroxyl group, and the action of phenylhydrazine proves 
the presence of a carbonyl group; consequently, the only way of 
accounting for these is by the expression 
CHPh-CPh 
— CMe< 90-08 
This formula is consistent, not only with the chemical properties of 
the substance itself, but also with the results obtained by Vorlinder 
in his experiments on the 2-hydroxy-isomeride of anhydroacetone- 
benzil. 


* 


EXPERIMENTAL. 


Benzyl ideneanhydroacetonebenzil ° 


On repeating Japp and Findlay’s method of preparation of this 
substance (Trans., 1899, 75, 1023), there was found in the first hot 
alcoholic extract of the crude product (which Japp and Findlay 
assumed to give unchanged anhydroacetonebenzil) a substance crystal- 
lising in prisms, melting at 213°5°. Subsequent extracts yielded six- 
sided plates (m. p. 232°). 

The substance melting at 213°5° was found to be isomeric with 
benzylideneanhydroacetonebenzil : 

01472 gave 0°4582 CO, and 0°0740 H,O. C=84:96; H=5°59. 

C,,H,,O0, requires C = 85:20 ; H = 5-32 per cent. 

The substance melting at 232° had the appearance and melting 
point hitherto assigned to benzylideneanhydroacetonebenzil. 

When treated with acetic anhydride aud concentrated sulphuric 
acid, these two substances give the same acetyl derivative, melting 
at 175° (see preceding paper). They are different forms of benzyl- 
ideneanhydroacetonebenzil, perhaps maleoid and fumaroid isomerides. 

Japp and Findlay found (Trans., 1899, 75, 1018) that acetic 
anhydride alone did not act on benzylideneanhydroacetonebenzil 
(m. p. 232°) even when the temperature was raised to 150°; this is of 

* The substance is not only an enol, but also a ketone at the same time, and 
Vorliinder uses the term ‘‘keto-enol” in referring to a compound of this kind. 
This name has, however, been rejected by the present author, because in what is 
usually called ‘‘keto-enolic isomerism” the substance is an enol and a ketone 
alternately. 
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interest in connexion with the behaviour of the two 2-hydroxy- 
isomerides. 

The yield of the substance melting at 213°5° was small, whilst about 
24 grams of the substance melting at 232° were obtained from 
20 grams of anhydroacetonebenzil. 

An attempt to transform from the one substance to the other was 
not successful, There are indications, however, that the substance 
melting at 213:5° can be converted into the substance melting at 232° 
by means of an alcoholic solution of hydrogen chloride. 


3 : 4-Diphenyl-5-benzylidene-A®-cyclopenten-1-one-2-ol (m. p. 216°), 


CHPh: a * ie 


~—-C:OH * 


Eight grams of the acetyl derivative (m. p. 175°) of benzylidene- 
anhydroacetonebenzil were mixed with an excess of a 5 per cent. 
alcoholic solution of potassium hydroxide. The acetyl derivative 
dissolved, giving a red solution, and much heat was developed. This 
solution was kept at the ordinary temperature for a few days. If 
water is added to the red liquid, a brilliant red solid is obtained, but 
if the red liquid is acidified with hydrochloric acid, the red colour 
disappears and a yellow precipitate is formed. This dissolves in 
aqueous potassium hydroxide, from which it is reprecipitated by 
carbon dioxide. Its alcoholic solution gives with a drop of ferric 
chloride solution a dark brown coloration. 

The substance crystallises from alcohol in small clusters of fine 
needles melting at 216°: 

0°1646 gave 0°5157 CO, and 0:0794 H,O. C=85°45; H=5:36. 

C,,H,,0, requires C = 85:20; H = 5°32 per cent. 


3 : 4-Diphenyl-5-benzylidene-A*-cyclopenten-1-one-2-ol (m. p. 223°). 


3 : 4-Diphenyl-A*-cyclopenten-1-one-2-0l was prepared by the method 
described by Voriiinder (loc. cit.) ; the following points require special 
attention. 

During the gradual addition of sulphuric acid, the temperature 
should not be allowed to fall lower than 25—30°, the temperature 
recommended by Vorlinder. 

After the addition of all the acid, too long a time should not elapse 
before the mixture is worked up. The whole preparation should 
be carried out in one day. Further, in heating with alkali to effect 
hydrolysis of the intermediate sulphurous acid compound, sufficient 
time should be given for the reaction to be completed, otherwise, 
on acidifying, there will be obtained a product difficult to purify. 
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One gram of 3 : 4-diphenyl-A*-cyclopenten-1-one-2-ol was dissolved in: 
30 c.c. of absolute alcohol containing 1 gram of potassium hydroxide, 
and 0°5 gram of benzaldehyde was added. This mixture was kept at 
the ordinary temperature for four days. On adding it to a large bulk 
of water, a clear solution was obtained, and, on passing carbon dioxide 
through it, an orange-coloured precipitate was obtained, which crystal- 
lised from hot alcohol in clusters of light yellow needles melting at 
220°. Von Liebig gives the melting point 223—224°, and by 
employing another method of preparing this substance, the present 
author obtained it with the melting point 223°. The product is 
therefore probably identical with von Liebig’s compound, although 
the melting points differ slightly. The yield of pure substance 
recrystallised from alcohol was 0°55 gram : 

0°1464 gave 0°4560 CO, and 0°07 H,O. C=84:°94; H=5:'31. 

C,,H,,0, requires C= 85°20 ; H =5:32 per cent. 

This substance is also obtained when the 2-hydroxy-compound 
melting at 216° is added to enough of a concentrated solution of 
hydrogen chloride in absolute alcohol to give a clear solution; it 
crystallises from this solution in a very pure state, and in large 
amount. 


2-Acetoxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopentenone 


CHPh-CPh 
ie) . 
(m. p. 175—176°), CHPh:C< iH 


When the 2-hydroxy-compound melting at 216° was treated with 
acetic anhydride and a few drops of sulphuric acid at the ordinary 
temperature, two products were obtained, the chief of which crystallised 
from alcohol in very fine needles melting at 175—176°, and retaining 
their form on recrystallisation. From the alcoholic mother liquor 
there separated a very small quantity of almost colourless, rhombic 
plates, the melting point of which was rather indefinite. The substance 
softened at about 148—149°, and melted to a clear liquid a few degrees 
higher. 

Analysis of the compound melting at 175—176°: 

00936 gave 0:2795 CO,-and 0°0468 H,O. C=81:43; H=5°55. 

C,,H,.0, requires C = 82:10 ; H = 5-26 per cent. 

A mixture of the acetyl derivative (m. p. 175°) of benzylidene- 
anhydroacetonebenzil and the acetyl derivative (m. p. 175—176°) 
of the 2-hydroxy-compound melted at 155°, showing that these sub- 
stances, although they have the same composition and melting point, 
are not identical. 

This substance (m. p. 175—-176°) may also be prepared by the action 
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of acetic anhydride and sulphuric acid at the ordinary te mperature on 
the 2-hydroxy-compound melting at 223°. 

The hydrolysis of this ester may be effected by means of 5 per cent. 
alcoholic potash, the method being similar to that employed in the 
preparation of 3: 4-diphenyl-5-benzylidene-A*-cyclopenten-|-one-2-ol 
(p. 2144); the 2-hydroxy-compound melting at 216° is obtained. 


2- Acetoxy-3 : 4-diphenyl-5-benzylidene-A*-cyclopentenone 
(m. p. 148—152°). 


A mixture of 12 grams of acetic anhydride and 0°6 gram of the 
2-hydroxy-compound melting at 216° was boiled for one and a-half 
hours. The product obtained on adding water crystallised from 
benzene in almost colourless, rhombic plates, which soften at 148—149° 
and melt to a clear liquid at about 152°. Liebig, by the action of 
boiling acetic anhydride on the 2-hydroxy-compound melting at 223°, 
obtained an acetyl derivative which he describes as consisting of 
almost colourless, oblique prisms melting at 148—149°. These acetyl 
derivatives are doubtless the same, 

On hydrolysis by means of 5 per cent. alcoholic potash, the 
2-hydroxy-compound melting at 223° is obtained. , 

From the hydrolysis experiments, therefore, the acetyl derivative 
melting at 148—152° corresponds with the 2-hydroxy-compound melt- 
ing at 223°, and the acetyl derivative melting at 175—176° corre- 
sponds with the 2-hydroxy-compound melting at 216°. 


3 : 4-Diphenyl-5 : 5-dimethyl-A?-cyclopenten-1-one-2-ol, 
CHPh: CPh 
Cy 
CMes<¢0—C-0H 


Five grams of the acetyl derivative (m. p. 137°) of BP-dimetby]l- 
anhydroacetonebenzil were added to 50 c.c. of a 5 per cert. alcoholic 
solution of potassium hydroxide. Where the alkali came in contact 
with the solid acetyl compound, a bright green colour was observed, 
which disappeared on shaking. A yellow solution was obtained, 
which was kept at the ordinary temperature for several days. On 
acidification, the 2-hydroxy-compound was precipitated, which crys- 
tallixed from alcohol, in which it is very soluble, in pink needles 
melting at 155—156°. The yield was 4:2 grams: 

0°1481 gave 0°4436 CO, and 0:0868 H,O. C=81°68; H=6°51. 

C,,H,,0, requires C = 82-01 ; H =6°47 per cent, 

This substance dissolves in aqueous potassium hydroxide, from 
which it is reprecipitated by carbon dioxide. Its alcoholic solution 
gives with ferric chloride golutjon a dark brown coloration. 
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_ The phenylhydrazone crystallises from benzene in very small, yellow 
plates, melting and decomposing at 244° : 

0°1820 gave 0°5466 CO, and 0:1152 H,O. C=81:°91; H=7:03. 

C,,H,,ON, requires C= 81:52 ; H=6:52 per cent. 

The oxime of the isomeric 4-hydroxy-compound (8§-dimethyl- 
anhydroacetonebenzil) crystallises from alcohol in large, prismatic 
plates, melting and decomposing at 190°: 

0°2554 gave 10°5 c.c. N, (moist) at 17° and 7615 mm. N=4:77. 

C,,H,,0,N requires N = 4°77 per cent. 

The owime of 4-acetoxy-3 : 4-diphenyl-5 : 5-dimethyl-A®-cyclopentenone 
crystallises from alcohol in fine, satiny, white needles, melting and 
decomposing at 164°: 

0°2746 gave 10 c.c. N, (moist) at 19° and 772°7 mm, N=4:-26. 

C,,H,,0,N requires N = 4:17 per cent. 

On methylation of the 2-hydroxy-compound melting at 155—-156° 
with methyl iodide in the presence of sodium methoxide by Japp and 
Klingemann’s modification of the method (Trans., 1888, 53, 526), 
2-methoxy-3 : 4-diphenyl-5 : 5-dimethyl-A*-cyclopentenone was obtained ; 
this crystallises from alcohol in short needles, melting at 88°5°: 

0°1430 gave 04308 CO, and 0:0890 H,0. : C=82:17; H=6°92. 

C,9H,,0, requires C = 82°19 ; H=6°85 per cent. 

Boiling with ethyl alcohol and sulphuric acid did not effect etheri- 
fication. 

On acetylation of the 2-hydroxy-compound melting at 155—156° 
with acetic anhydride and sulphuric acid at the ordinary temperature 
in the usual way, there was obtained 2-acetoxy-3 : 4-diphenyl- 
5 : 5-dimethyl-A?-eyclopentenone, which crystallises from alcohol in 
very slender needles, and from light petroleum in large, six-sided 
plates melting at 92°5°: 

0°1486 gave 0°4290 CO, and 0:0866 H,O. C=78:72; H=6:47. 

C,,H,,0, requires C=78°75 ; H = 6:25 per cent. 

Hydrolysis of this ester by means of 5 per cent. alcoholic potash 

regenerates the 2-hydroxy-compound melting at 155 —156°. 


3: 4-Diphenyl-5 : 5-dimethyleyclopentanone, 
CHPh--CH 
3 ° 
CHPh-CMe,? -” 

A mixture of 10 grams of diphenyldimethyl-A?-cyclopentenon-2-ol 
(m. p. 155—156°), 15 grams of hydriodic acid (D 1-7), and 20 grams of 
red phosphorus was heated to boiling for two hours. The product 
crystallised from alcohol in large, prismatic plates, melting at 153° 
The yield was about 5 grams, 
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Boiling for five minutes with concentrated hydriodic acid (D 1-96) 
gives a small quantity of the same product, but most of the 2-hydroxy- 
compound remains unchanged : 

0:1462 gave 0:4626 CO, and 0:1014 H,O. C=86:28; H=7'70. 

C,,H..0 requires C = 86°36 ; H=7°57 per cent. 

The oxime crystallises from alcohol as 4C,,H,,ON,EtOH. The 
alcohol of crystallisation is removed at 110°: 

0°3620 gave 16:2 c.c. N, (moist) at 13° and 769 mm. N=5-35. 

C,,H,,ON requires N =5°0 per cent. 


a-Desylisobutyric acid, COPh:CHPh:CMe,°CO,H. 


Nine grams of the 2-hydroxy-compound melting at 155—156° were 
mixed with 18 grams of potassium permanganate and aqueous 
potassium hydroxide, and kept at the ordinary temperature. The 
clear filtrate, on being acidified with hydrochloric acid, gave a 
precipitate, which was dissolved in ether, and the ethereal solution was 
shaken with sodium carbonate solution. The sodium carbonate 
extract gave an acid, which was recrystallised from alcohol, and 
melted, when rapidly heated, at 218°, with evolution of gas: 

0°1521 gave 0°4268 CO, and 0°0880 H,O. C=76°52; H=6-43. 

C,,H,,0, requires C= 76°59 ; H=6°38 per cent. 

Japp and Michie (Trans., 1903, 83, 309) synthesised a-desyl- 
isobutyric acid (m. p. 218°), and a mixed melting-point test showed 
the two acids to be identical. 

On treating this acid with acetic anhydride and sulphuric acid at 
the ordinary temperature, fy-diphenyl-aa-dimethyl-A?-crotonolactone 
(m. p. 105—106°) was obtained, this being further proof of the 
identity of the substance (Japp and Michie, loc. cit.). 

a-Desylisobutyric acid was also obtained by oxidising an alkaline 
solution of the 2-hydroxy-compound melting at 155—156° with 
hydrogen peroxide. The product of this oxidation on melting yielded 
a substance melting at 106°, and the author also found that a-desyl- 
isobutyric acid decomposed in the same way. 


By-Diphenyl-aa-dimethylbutyrolactone-y-carboxylic Acid, 
CHPh-CPh:CO,H 
CMe. co— d , 


Ten grams of the 2-hydroxy-compound melting at 155—156° were 
dissolved in a solution of 60 grams of potassium hydroxide in 600 c.c. 
of water. To this solution was added an alkaline solution of potassium 
hypobromite, prepared by adding 30 grams of bromine to a solution of 
60 grams of potassium hydroxide in 600 c.c. of water. The cold 
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mixture was kept for two days. A slight precipitate which had 
formed was then removed, and sulphur dioxide was passed into the 
cold filtrate. A precipitate was obtained, and the precipitation was 
completed by acidifying with dilute sulphuric acid. The solid was 
dissolved in ether, and the ethereal solution was treated with succes- 
sive portions of an aqueous solution of sodium carbonate and then of 
an aqueous solution of sodium hydroxide. Practically nothing was 
obtained in the sodium hydroxide extract. The sodium carbonate 
yielded an acid which was difficult to purify by recrystallisation from 
the usual solvents. The method finally adopted was to prepare the 
pure potassium salt and to acidify its aqueous solution. The acid, 
further purified by recrystallisation from dilute alcohol, separated in 
needles melting at 197°. 

It is very soluble in alcohol, acetic acid, or benzene, and insoluble 
in light petroleum. The yield was about 5 grams. 

When sodium hypochlorite was used instead of potassium hypo- 
bromite, the yield was not improved. Other experiments, in which the 
proportion of bromine was increased and the temperature raised to 
that of the water-bath, led to similar results : 

02014 gave 0°5118 CO, and 0°1093 H,0. C=69°3; H=6-0. 

C,,H,,0, requires C=69°5 ; H=6°0 per cent. 
The acid crystallises with one molecule of water of crystallisation : 


0°3510 lost 0:0190 at 113°. H,O=5:4. 
C,,H,,0,,H,O requires H,O =5°5 per cent. 


The crystals effloresce appreciably even under ordinary conditions 
of temperature and pressure, so that, unless the specimen analysed 
has been quite recently prepared, the content of water is found 
too low. 

The silver salt was prepared : 

0:2326 gave 0:0566 Ag. Ag=24°'33. 

C,,H,,0;,Ag requires Ag = 24°82 per cent. 
0°4534 of the acid required 7:22 c.c. of alcoholic sodium ethoxide 
(1 e.c. =0°00446 gram Na). M.W. (for a monobasic acid) = 324°5. 
C,,H,,0,; requires M.W. = 328. 


The acid is shown below to be a lactone of a-hydroxy-af-diphenyl- 
yy-dimethylglutaric acid, CO,H*CPh(OH)-CHPn-CMe,°CO,H. The 
formation of a little of the sodium salt of this dibasic acid before 
the neutral point is reached may explain the excess of alkali required 
in the above titration. 

The acid is inert towards acetic anhydride containing a few drops 
of concentrated sulphuric acid, and towards boiling acetic anhydride. 

On reduction with hydriodic acid and red phosphorus by heating for 
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three hours at 150° in a sealed tube, the acid gave By-diphenyl-aa- 
dimethylbutyric acid, which was obtained by Japp and Michie 
(Trans., 1903, 83, 311, 312), and also y-diphenyl-aa-dimethyl- 
butyrolactone. ‘Both these products were identified by the mixed 
melting-point test. 


Sodium a-Hydrosy-aB-diphenyl-yy-dimethylglutarate, 
CO,Na*CPh(OH)-CH Ph*CMe,°CO,Na. 


By-Dipheny]-aa-dimethylbutyrolactone-y-carboxylic acid was dis- 
solved in absolute alcohol, and a solution of sodium ethoxide in 
absolute alcohol was added in excess of that required for the form- 
ation of a dibasic salt. Phenolphthalein indicated the point atewhich 
enough sodium ethoxide was added to form the monobasic salt. When 
excess of twice this.quantity of sodium ethoxide solution had been 
run in, and the solution had been gently heated, a bulky precipitate of 
the dibasic salt was obtained. The pure white sodiwm salt was 
collected and washed with absolute alcohol. 

The salt crystallises with two molecules of alcohol of crystal- 
lisation, which are partly lost in a vacuum over sulphuric acid, and 
completely at 110°: 

0°5820 gave 0°2218 Na,SO,. Na=12°36. 

C,,H,,0,Na, requires Na= 12°39 per cent. 

Enough water must have been present in the “absolute” alcohol 
for the reaction to take place, as the dibasic salt is formed even if the 
acid melting at 197° is free from water of crystallisation before use in 
this experiment. 


Action of Potassium Hydroxide on 3: 4-Diphenyl-5 : 5-dimethyl- 
A?-cyclopenten-1-one-2-ol. 


Stilbene, identified by analysis, hy the mixed melting-point test, and 
by the preparation and analysis of the dibromo-derivative, was 
obtained by boiling the 2-hydroxy-compound melting at 155-—156° 
with 50 per cent. aqueous potassium hydroxide. A small quantity 
of a substance melting at 157° was also obtained. 

The experiment was repeated with various percentages of the 
alkali; with all the concentrations used (from 15 per cent. upwards), a 
little of the substance melting at 157° was isolated ; with the lower 
concentrations, the main bulk of the 2-hydroxy-compound was un- 
changed, and no stilbene was formed ; with the higher concentrations, 
stilbene was obtained, and the yield improved as the alkali concentra- 
tion increased. 
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CCXXXI-—The Electromotive Behaviour of Cuprous 
Oxide and Cupric Hydroxide in Alkaline Electrolytes. 
By ArtTHur JoHN ALLMAND. 


Tue object of starting this work was the determination of the solu- 
bility product of crystalline cupric hydroxide, a constant of importance 
in working out the chemistry of the basic salts of copper. The Z.4.F. 


of the combination Cu | Cu(HO), alkali nd was to be measured, and 
| H, 


hence the Cu"* ion concentration deduced, and the solubility product 
calculated in the ordinary way. On making measurements, however, 
it was found that this combination gave values which varied very 
considerably from hour to hour—which could, in fact, at no time be 
reproduced with certainty. On consideration, this was recognised to 
be due to the essential instability of the positive electrode owing to 
the occurrence of the reaction Cu’’+Cu—-> 2Cu’. The following 
equilibria are involved : 
(a) Cu"? +Cu — 2Cu’, 


giving the relation 


and 

(d) Cu** + 20H’ = Cu(HO),, 
with the relation [Cu’"]:[OH’}?=;,, where &; is the solubility product 
of cupric hydroxide. ‘ 

If we multiply together the above twce equations, we get 
[Cu"]*-[OH’]? =4;4, and hence [Cu’]-[OH’]= ,/k;&. 

Let [Cu’]:[OH’]=& in a saturated solution of cuprous oxide, 
where k, is the solubility product of cuprous hydroxide (cuprous 
oxide). 

Then in the present system if ,/k;K is greater than k,, the cupric 
hydroxide (solid phase) will disappear and form cuprous oxide at the 
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expense of the electrode copper. That this actually is the case can 
easily be shown experimentally. If a mixture of cupric hydroxide 
and excess of finely divided copper is shaken up vigorously in a closed 
vessel with sodium hydroxide solution, the cupric hydroxide will in a 
few days be completely reduced to cuprous oxide. Now, when cuprous 
oxide is once precipitated, we have a system with four components 
(say, copper, oxygen, water, alkali), and with five phases (copper, 
cuprous oxide, cupric hydroxide, solution, vapour), a system, that is, 
with one degree of freedom. At a definite alkali concentration, this 
can only exist in equilibrium at one definite temperature. At any 
other temperature the potential difference Cu | Cu(HO), alkali will 
depend on the relative velocities of the reaction Cu"*+Cu —> 2Cu’ 
and the deposition of cuprous oxide, on the one hand, and of solution 
of cupric hydroxide, on the other. 

Although an electromotive combination involving the reaction 
Cu'* —> Cu+2@ is, in general, unstable in alkaline solution, 
combinations depending on the reaction Cu’ —> Cu+@, or the 
reaction Cu" —> Cu’ + @, are stable, 

Two such elements are the following : 


Current in cell. 
oe 

A, Cu | Cu,0 alkali H, | Pt 

and 

Current in cell. 

| Cu(H0) | 
u 2 . 

B. Pt | Cu,0 alkali H, Pt. 


In combination A, the cathodic reaction for the passage of 96540 
coulombs is briefly : 


(a) Cu* —> Cu+ © 

(b) 3(Cu,0 + H,O) —> Cu’ +OH’ ; 
the anodic reaction is : 

(a) 4H, + @ —> H’ 

(5) H’ + OH’ —+ H,0, 


or, summing up, for the passage of two faradays the total result is 


Cu,0 + H, —> 2Cu+ H,0. 
The #.M.F. may be expressed as follows. 


At the cathode : 
Eou: —+ Cu = (E.P. ou: —-Cu + 0:058 log [Cu’] 
= 0°454 + 0-058 log k, - 0°058 log [OH’], 
where &,, as before, is the solubility product of cuprous hydroxide. 


At the anode: : 
E q-— np =(E.P.)n- —- 1 + 0°058 log [H") 
= 0 +0°058 log kw — 0°058 log [OH’], 
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where ky is the dissociation constant of water at the temperature in 


question. 
The total £.M.F. is hence : 
Eou: —~ cu — Ex: — 1 = 0°454 + 0058 log ~ (1). 


w 
From this, %, can be calculated. 
In combination B, the following are the electrode reactions for the 
passing through of one faraday. 


At cathode : 


(a) Cu’* —> Cu'+ © 
(b) Cu’ +OH’ —> 4(Cu,0 + H,0). 
Solid. 

(c) Cu(HO), —> Cu’ + 20H". 
Solid. 

At anode : 

(a) 3H,+@ —> H’ 

(6) H’+0OH’ —> H,0, 


or, in the cell, for the passage of two faradays the total result is : 
2Cu(HO), +H, —> Cu,0+3H,0. 
The corresponding £.M.F.’s are: 
Cu” 
oo = a 7 > . ‘05 l a e 
Fou ou" (E.P.)ou cut + 0°058 “8 Gu] 


= 0-204 + 0-058log - — 0058 log [OH 
Ey: — y= (E.P.)n- — 1 +0°058 log [H"}. 


At anode. 


= 0 + 0°058 log k, — 0°058 log [OH]. 


That is, 
E.M.F. of cell = Eguss—cy- — Ex: — 
= 0204 + 0-058 log“ (2) ; 
Kokw 


k; is here, as before, the solubility product of cupric hydroxide, and 
can be calculated, using the value of k, obtained from equation (1). 

Two remarks apply to the above elements. Firstly, it should be 
noted that the #.M.F. is independent of the alkali concentration, always 
supposing it does not become sufficiently great appreciably to alter the 
value of ky, the dissociation constant of water. 

Secondly, the first cell may be regarded as an H,-O, cell, 
in which hydrogen combines at atmospheric pressure with oxygen 
supplied at the dissociation pressure at 17° of the reaction : 

2Cu,0 — 4Cu+0,. 

Before proceeding to the experimental part of the paper, a few 

additional remarks are necessary. Firstly, it will be noticed that 
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potential differences (as in the above considerations) are referred to 
the scale H,| V-H’ =0. Also, that the potential of any single 
electrode is taken as the potential of electrode minus potential of 
solution. Secondly, the above calculations presuppose our knowledge 
of the values (E.P.)ou-—-cu- and (E.P.)cu:—-cu. The latter value 
was obtained by Bodlinder and Storbeck (Zeitsch. anorg. Chem., 1902, 
31, 1, 458) in the course of their work on the cuprous salts, as the 
result of a long series of complex measurements and deductions. The 
first value is easily calculable by Luther’s Law. A redetermination 
of (E.P.)cu-—-cu from fresh and independent data would be of 
importance. It might perhaps be thought that if the unstable cell 
Cu | Cu(HO), alkali H, | Pt were stable, and its #.M.F. could be 
determined, then we should have a third separate equation by means 
of which this third unknown could be calculated. But even if the 
combination were stable and measurable, we should not have a third 
independent equation, for the #.M.F. in question (7=0°329+ 
0°029 log kj ~ 0°058 log k) can readily be calculated from the 7. Mf.’s 
of the cells already dealt with. Such a determination, even if 
practicable, would thus merely confirm or otherwise the £.M.F. values 
for the other two elements. 


EXPERIMENTAL. 


Two different alkalis, namely, sodium hydroxide and potassium 
hydroxide, were used. Both were free from carbonate and were 
prepared from metal. It was afterwards shown that small quantities 
of carbonate made no final appreciable difference to the potential 
values. The cupric hydroxide used was crystalline. Colloidal material 
might be expected to give indefinite results (compare Dawson, this 
vol., p. 370), apart from the gradual dehydration which would occur 
in ,presence of alkali. Preparations were made according to the 
methods of Becquerel (Compt. rend., 1852, 34, 573) and Bottger 
(Jahresb., 1858, 198), which are stated by van Bemmelen (Zettsch. 
anorg. Chem., 1894, 5, 466) to:give undoubtedly crystalline products. 
T'wo separate samples of each were prepared. ‘The Becquerel prepara- 
tion was seen to consist in the one case, when microscopically 
examined, of pale blue, fine crystalline needles. For the second 
sample, a higher power instrument was used, and the preparation 
was seen to be composed of well formed prisms, with marked 
birefringence and certainly not pseudomorphs. No trace of colloidal 
matter could be detected. The crystals were slowly blackened by 
N-potassium hydroxide at 25° /2-Potassium hydroxide was 
practically without action, as also the /10-alkali generally employed. 
At room temperature, V/l-alkali was without effect. When shaken 
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for some weeks at 25° with V/7-ammonium hydroxide they blackened. 
They were unaltered by being left over the week-end in a vacuum 
desiccatur, and not affected by heating to 100° for ten minutes in an 
air-bath or in boiling water. On analysis, after being heated to 100°, 
they gave Cu=63°94 (determined as copper), H,O=19°67 (loss on 
ignition), NO, =0-04 per cent. (colorimetrically as NH,). 
[H,0] 
[Cu] 

The Béttger preparation was composed in both cases of particles of 
rather doubtful crystalline nature, and of very irregular shape and 
size. Some of them “stained” with methyl-violet solution, and 
many, when examined microscopically in polarised light, did not 
react. On heating, or on treatment with alkali, they behaved like 
the Becquerel preparation. 

Analysis of material dried at 100° gave: Cu=64:16; H,O=19°58; 
SO, absent. 


Ratio, = 1:08. 


. [H,O] 
Ratio, (420 _ 1-07. 
atio [Cu] 7 
Cu(HO), requires Cu= 65°15 ; H,O = 18-46 per cent. 


The above figures agree closely with analyses quoted by van 
Bemmelen, who gives 19°4 per cent. of water in thé Becquerel 
and 19-6 per cent. in the Béttger preparations. As he further states, 
the preparations are slightly hygroscopic. The fact that these 
substances contain some 8 per cent. more water than corresponds with 
the ratio 1CuO: 1H,0, is of interest. van Bemmelen is inclined to 
atti ibute the discrepancy to the presence of amorphous material. This 
explanation might very well suffice for the case of the Bottger 
pieparations, but certainly does not hold in the case of the definitely 
crystalline Becquerel products. The crystals are perhaps an 
admixture of cupric hydroxide and some higher hydrate. In that 
case one of the co-existing forms skould disappear with time. Some 
of the preparation was accordingly shaken at 25° for some weeks in a 
dilute (V/7) solution of ammonia. The ammonia, by increasing the 
solubility, should increase the rate of disappearance of the unstable 
phase. The whole mass, however, dehydrated (see above), and no more 
material was at that time available. This observation rather points 
to the crystalline cupric hydroxide being unstable with respect to 
cupric oxide and water at room temperature, and the influence of 
electrolytes, such as ammonium hydroxide, potassium hydroxide, etc., 
in increasing the rate of loss of water might be possibly due to their 
solvent action depending on complex ion formation or the slightly 
amphoteric character of cupric hydroxide. Further investigation is 
being devoted to this question. 
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The cuprous oxide was prepared by reducing an alkaline copper 
sulphate solution with sucrose. The product, if rapidly and thoroughly 
washed, is very pure. 

Metallic copper was prepared by reducing finely-powdered cupric 
oxide in a stream of hydrogen at a low temperature. 

Hydrogen (for the hydrogen electrode) was prepared from pure zinc 
and dilute sulphuric acid ; it was washed with silver nitrate solution 
and by concentrated alkaline potassium permanganate solution, passed 
through a tube packed with cotton wool, and finally bubbled through 
a wash-bottle containing the solution to be experimented on before 
entering the electrode vessel. 

It was found that constant values for the electrodes were not 
obtained at once, but required in‘many cases considerable time. 
Further, it is necessary to protect both systems from access of oxygen, 
which materially alters their potentials. Electrode vessels of a simple 
type were used. They consisted merely of a tube about 20 cm. in length 
and 2 cm. in internal diameter, closed at the bottom and provided at the 
other end with a well-fitting rubber stopper. A side-tube, one-third way 
up, bent down at right angles and fitted with a tap, makes connexion 
with the other half element, whilst the electrode is sealed into a glass 
tube which enters through the rubber stopper. The electrodes used 
were of blank platinum (occasionally platinised) or freshly coppered 
platinum, the total area being 2 to 5 sq.cm. Connexions were made 
by means of mercury. 

The auxiliary electrodes used were hydrogen electrodes (alkaline 
solution) and calomel electrodes of the ordinary type. Liquid 
potentials when existing were always calculated by means of the 
ordinary Planck formula. In the connecting vessel was used alkali of 
the concentration experimented on at the time, and this was frequently 
renewed. 

The #.M.F.’s were measured by the Poggendorf method, and the 
apparatus used—metre bridge, Weston cadmium cell, and galvanometer 
—needs no particular description. All readings were taken at 17°, 
the prevailing room temperature. 

In setting up an electrode the depolariser used (a mixture of either 
cupric hydroxide and cuprous oxide, or of cuprous oxide and copper) 

wasfilled into the electrode vessel to a depth of 1 or 2 cm., the 
electrolyte poured in, the tap (greased) closed when the side-tube had 
been filled, and then the electrode tube and rubber stopper inserted. 
These.were finally pushed down with the tap open, and the latter 
closed oily when all else was in position. One or two c.c. of air 
remained in the vessel. After thoroughly coating the rubber stopper 
with wax, the whole vessel was shaken overnight on an efficient 
shaker and connected up for measurement in the ordinary way. When 


— ft ©» fF. m we m 
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about to take a reading, the tap was opened—otherwise kept closed. 
On the first time of opening, a little alkali from the connecting vessel 
entered to replace the oxygen in the electrode vessel absorbed during 
shaking. This only happened once. Afterwards, all oxygen having 
disappeared, there was no further contraction. This simple apparatus 
acted very well, and the measurements were never disturbed by 
entrance of oxygen from outside. As already stated, the single 
potential differences did not become constant at once. They were read 
several times daily, the vessels shaken overnight, and values not 
taken as final until constant over three days. 

It will be noticed that in the cells described above, there are no 
liquid potential differences. This advantage was, however, negatived 
when it was found that hydrogen electrodes in the alkali solutions do 
not bebave well, but give inconstant values which indicate insufficient 
saturation of platinum by hydrogen, caused by slowness of absorption 
or by the presence of some depolarising agent. Nothing very certain 
appears to be known on this point. In the literature one finds con- 
flicting statements. Thus, Smale (Zeitsch. physikal. Chem., 1894, 14, 
577) obtained at 17° in W/10-potassium hydroxide the value —0°749 
volt ; in W/10-sodium hydroxide the value —0°738; the theoretical 
value, assuming 90 per cent. disscciation, is — 0°758. With V-potassium 
hydroxide he found — 0°785 ; with V-sodium hydroxide — 0°789 ; whilst 
the theoretical value with sodium hydroxide, if the degree of dis- 
sociation is taken as 0°72, is —0°810 volt, and for potassium 
hydroxide -0°812 volt, ‘assuming 76 per cent. dissociation. 
He attributed the discrepancies to impurities in the electro- 
lytes. Wilsmore (Zettsch. physikal. Chem., 1900, 35, 291), who 
demonstrated the reliable behaviour of hydrogen electrodes in acid 
solutions, states that they are also constant in alkaline solutions. 
Johnson (Z'rans. Amer. Electrochem. Soc., 1902, 1, 187) states that the 
hydrogen electrode in alkaline solution is exceedingly sluggish in 
reaching its final value. Lorenz and Hauser (Zettsch. anorg. Chem., 
1906, 51, 81), on the other hand, seem to have had a rather different 
experience. Their values would appear to indicate supersaturation 
with hydrogen. Lorenz and Mohn (Zeitsch. physikal. Chem., 1907, 60, 
422), working with hydrogen electrodes in sodium and potassium 
hydroxide, of different concentrations, after eliminating by calculation 


the liquid potentials, obtained for the | alkali single potential 


difference values which showed considerable discrepancies, With 

potassium hydroxide were always obtained more negative figures than 

with sodium hydroxide. Thus with J-alkali, 0-006 volt; with 

N/10-alkali, 0°007 volt ; with V/100-alkali, 0°029 volt; with 4/1000- 

alkali, 0°011 volt; whereas in NV-alkali the difference should be only 
VOL. XCV. 7c 
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two milli-volts, and for the higher dilutions should not exist. The 
latest workers using the electrode are Luther and Pokorriy (Zettsch. 
anorg. Chem., 1908, 57, 290) and Bronsted (Zeitsch. physikal. Chem., 
1909, 65, 84). They give no single potential difference measurements 
but their experience was evidently a satisfactory one. 

The author’s results point to the electrode being an untrustworthy 
one. Working with V/10-alkali, he has generally obtained 0-748 
to —0°754 volt (theoretical -—0°758). Sometimes values far less 
negative were obtained,such as —0°735. Sometimes values a few milli- 
volts more negative than the theoretical value were obtained,as — 0-762, 
although figures were never reached as much on the negative side of the 
theoretical as Lorenz and Hauser obtained with the N-alkali electrode. 
The readings were often attained slowly, and varied irregularly with 
time and the speed of the gas through the electrode vessel. Sometimes 
abnormal readings were obtained, such as —0°710 volt. These could 
be avoided by boiling the electrode in water immediately before use. 
And, generally speaking, this treatment tended to rapid setting up, 
more negative values, and more constant results. But the effect was 
by no means a certain one. Possible action of oxidising impurities in 
the alkali was eliminated. The influence of the presence of an oxide 
of platinum in the platinum-black of the electrode was at one time 
suspected, but this could not be proved, nor could the hypothesis be 
quite reconciled with the behaviour of the electrode on heating, boiling, 
etc. A few experiments were carried out using J-alkali. The 
results deviated considerably from the theoretical value, but it was 
noticed that during each separate experiment they showed better 
constancy. 

Calomel electrodes were consequently used for the measurements 
described in this paper. 


Results. 


. 


The experiments first described were carried ont with V/10-alkali 
as electrolyte. Both sodium hydroxide and potassium hydroxide 
were used, and the half-elements were, as a rule, set up in duplicate. 
In stating the results, the conventions as to sign and zero already 
mentioned are used. The potential of the decinormal calomel elec- 
trode is taken as +0°335 volt at 17°, the liquid potential differences, 
V/10-potassium hydroxide and 4/10 sodium hydroxide minus 1/10- 
potassium chloride, as 0°015 volt and 0:020 volt respectively. 

The following tables contain the results obtained : 


sti 
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TaBLe I.—TZemperature = 17°. 


< Current in cell. 
Hg | Hg,Cl,N/10-KCl | V/10- Cu | Cu,ON/10- 
alkali Cu,O | Cu. alkali. 
‘ 0°598 volt — 0'283 volt 
Alkali, NaOH ......... {o-e01 . hg 
0-605 ,, ) —0°285 ,, 
Alkali, KOH ....:....053 0-605 |) J ~0-285 2” 
BROOM, wccsscessce — 0°285 volt. 


In the above table, the one column contains the #.M.F. of the 
actual working combination ; the other contains the single potential 
difference which constitutes the cathodic portion of the cell A (see 
p. 2152). 

TaBLe II.—TZemperature = 17°. 


—\\ Current in cell. 
Hg | Hg,Cl.N/10-KCl | N/10-alkali 


Cu(HO), 5, | Cu(HO), sl 
Cu(HO), (Bottger) : Cu,O Pt. Pt Cu,O NV/10-alkali. 
{0°327 volt —0°012 volt 
In NaOH ...... \0°328 se —0°013 me 
. f0°338 ,, 0-018 ,, 
In KOH eevcccces 0-383 i —0°013 = 
MOAN... «+025. —0°014 volt 
Cu(HO), (Becquerel) : 
In NaOH 0°329 volt — 0°014 volt 
n AUT neacee 0°334 si —0:'019 * 
, 0-343 ,, —0°023 5, 
In KOH ......... 0°335 a —0°015 ne 
ee —0°018 volt 


In table II, the first column, as before contains the observed 
E.M.F.s against calomel electrodes, whilst the second column con- 
tains the single potential difference which forms the cathodic com- 
ponent of the combination B (see p. 2152). 

With the aid of the above values, and assuming that the reversible 
P.D. a | N/10-alkali is — 0°758 volt at 17°, we calculate the following 

2 
figures for the H¥.F.’s of the cells mentioned at the beginning of 
this paper. 
Pt 


Cell A. Cu | Cu,0N/10-alkali | 2 0-473 volt 
2 

Cell B. Cu(HO) . | Pt ; 

(Béttger Cu( HO),) Pe Cu,O0 wi[t0-cteali | Hy Ore i» 

Cell B. Cu( HO) - | Pt ’ 

(Becquerel Cu(HO),) Pe Cu,0 "i¥/10-alkali | H, 0740 ,, 


The effect of altering the concentration of the alkali was next 
studied, Experiments were carried out with W-sodium hydroxide 


7c 2 
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and JN-potassium hydroxide, and the following tables contain the 
results. The potential of the N-calomel electrode at 17° is taken as 
+0°282 volt, and the liquid potential differences, N-potassium 
hydroxide minus JN-potassium chloride and NV-sodium hydroxide minus 
N-potassium chloride, as 0°015 volt and 0-020 volt respectively. 


TaBLE III.—TZemperature = 17°. 


a Current in cell. 
Hg | Hg.Cl,N-KCl | N-alkali Cu,O | Cu. Cu] Cu,ON-alkali. 
the volt — 0°342 volt 
Alkali 0606 ,, ~0°344 ,, 
NaOH 1 0°605 ,, -~0°343 ,, 
| o-607 cS 0-345 ,, 
Alkali BRORR 2.0060 —0 344 volt 
KOH 0-613 ,, -0°346 ,, 
TaBLE 1V.—TZemperature = 17°. 
< Current in cell. 
. ‘ . Cu(HO), Cu(HO : 
Hg | Hg,Cl,W-KCl | N-alkali CuO lol Pt Pt | Cu0 eV-alkali, 
0°337 volt (Béttger) —0°075 volt 
Alkali 0°335 ,, (Béttger) -—0°073 ,, 
NaOH 0°336 ,, (Becquerel) | Platinised platinum —0°074 ,, 
0°337 ,, (Bottger) jf electrodes -0°075 ,, 
Alkali PB iscisaxs —0°074 volt 
KOH 0°343 ,, -0°076 ,, 


A few points arising out of tables III and IV should be noticed. 
Firstly, the single potential difference values obtained with potassium 
hydroxide as an electrolyte are in both cases more negative than those 
given with sodium hydroxide. This can be directly ascribed to the 
greater OH’ ion concentration in the potassium hydroxide solution, 
with its correspondingly smaller metal ion concentration. The 
difference, 2 milli-volts, is equal to the caleulated* one. Secondly, in 
table IV, no difference can be detected between the behaviour of the 
Becquerel and Béttger preparations. Thirdly, two of the measure- 
ments in table [V were carried out with platinised instead of blank 
platinum electrodes. The results were the same. 


If we now take, as before, the P.D.’s N-NaOH as -—0°810 volt 
2 


and 4 | N-KOH as —0°812 volt, we deduce the #.M.F. of cell 


A to be (0°810—0°344) or (0°812—0°346) volt—that is, 0-466 volt. 
Similarly, that of cell B is (0°810—0°074) or (0°812—0:076) volt, 
equal to 0°736 volt. 

In both cases these values are six or seven milli-volts or so lower 


* See also calculated values for hydrogen electrodes on page 2157, 


a a ae 
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than those given by the WV/10-electrodes. As the P.D. of the. H,- 
electrode half-element in both cases is calculated, the discrepancies 
must lie in the experimentally determined electrode values. This is 
the case. Assuming the value Cu | Cu,O0V/10-alkali = —0°285 volt to 
be correct, one would expect for Cu | Cu,O/N-alkali the value 
— 0°285—0-052 volt = — 0°337 volt, whereas —0°344 was the figure 
experimentally determined. Now, the electrodes of both types experi- 
mented on, in both alkalis and in both strengths of alkali, invariably 
commenced by giving a higher positive value than the final value 
quoted in the tables, This corresponds, in electrodes of the type 
Pt — alkali, with an initial Cu’’ ion concentration greater 


2 
than the equilibrium value, and in electrodes of the type Cu | Cu,O 


alkali to a corresponding large Cu’ ion concentration.* The change 
with N-alkali was far more rapid, and, as we see, lower final values 
were obtained than those calculated, assuming the V/10 values to be 
correct. A possible explanation of the fall of potential may be that 
the initial values correspond with particles of very fine grain and 
therefore of greater solubility, and that these are gradually removed 
and re-deposited in larger size. This view derives support from the 
fact that both cuprous oxide and cupric hydroxide are slightly 
amphoteric and can function as weak acids. Their solubility as anion 
in the alkali will thus increase with the concentration of the alkali, 
and hence the rate of change to the stable form should increase with 
the increase of alkali concentration, which is exactly what happens. 
With W/10-alkali the last stages of the change may proceed so very 
slowly that the values observed during the experiments may never 
quite have reached equilibrium values. To test further this 
hypothesis, one sample each of Béttger and Becquerel hydroxides were 
re-examined microscopically. The Béttger hydroxide contained a 
large mass of material of average size 0°5—0-8y. The Becquerel 
hydroxide contained many particles 1—2y in length. A sample of 
cuprous oxide (beautifully crystalline) showed a few crystals only 
<2u. The great majority were of the order of 5u. We know from 
the work of Hulett (Zeitsch. physikal. Chem., 1901, 3'7, 385) that 
in those cases which have been examined, the solubility of a 
powder containing particles of size <(2u is dependent on variations 
in that size. The most striking case is that of mercuric oxide, the 
solubility of which can actually be increased threefold by suitable 
mechanical treatment. In the case of both samples of cupric 
hydroxide, we can fairly suppose these influences to come into 


* This fall in P.D. is still more marked with electrodes containing cupric oxide 
instead of cupric hydroxide as depolariser, experiments with which are now being 
carried out. 
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play. Whether cuprous oxide is also effected is less certain. Now let 
us finally consider the effect a reasonable increase in solubility would 
produce on the potential difference measured, and take as an example 


the Pt — alkali electrode. The process occurring here is 
2 


Cu"* —> Cu'+@. The single P.D. is const, +0-058 log i volt. 
u 


We see that an increase in the Cu’ concentration would actually 
diminish the P.D. But we know that such an increase, if any, must 
be small. We will here neglect it. Consequently the single potential 
difference will be increased by 58 log C milli-volts, where C is 
the ratio of the Cu” concentration to the normal equilibrium 
concentration. To take an extreme case, suppose C =3, as with the 
mercuric oxide mentioned above. Then increase of P.D.=58 x 0°477 = 
27 milli-volts. Giving C various smaller values, we obtain the 
following table : 


TABLE V. 


Increase of P. D. 
0°027 volt 
0°023 
0°017 
0°010 
0°005 
0°002 


If we assume that the values finally obtained with the N-alkali 
electrodes are ‘correct, the final values of the V/10-alkali electrodes 
are about seven milli-volts too high. Theiraveragefall before being taken 
as constant was perhaps another 5—7 milli-volts. The depolarisers, 
therefore, in their initia] states gave values 14 milli-volts too high. 
This would correspond with a value of C of about 1°7, which is quite 
conceivable. Only a small fraction of the original depolariser is 
supposed to have been in this finely-divided state. 

For purposes of calculation, although the lower values for the 
E.M.F.’s of the elements A and B are probably the more trustworthy, 
we will take the mean of the two sets of figures, and obtain, 
therefore, 

E.M.F. of A =0°469 volt. 
£.M.F, of B=0°738 volt. 


If the above values be now substituted in equations (1) and (2), the 
solubility products mentioned at the beginning can be calculated. 
Taking ky (the dissociation constant of water) as 0°56 x 10-14 at room 
temperature, we obtain: 


k,. (for cuprous oxide) 1:0 x 10714, 
k; (for cupric hydroxide) 1:0 x 10-!, 
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The solubilities eae in pure water at 17° work out at 
itre 


05x10-7 for cuprous oxide and 3x10~’ for cupric hydroxide, 
assuming both to be in solution as completely dissociated bases only. 

We are now in a position to see clearly the essential instability of 
the system Cu | Cu(HO), alkali. For if X (see p. 2151) be taken as 
0°5 x 10-* (Bodlander and Storbeck) and &; as 1:0 x 10~"’, then 

J Kk; = J0'5x 10x 10- = 2:2 x 10-2, 

This considerably exceeds the value for %, given above. Cuprous 
oxide will consequently be precipitated at the expense of the cupric 
hydroxide and the electrode copper. 

It has already been pointed out that the element A is in reality an 
H,-O, cell working with a low but definite oxygen pressure. 
And from its #.M.F. can be calculated the dissociation pressure at 
17° C. of the reaction : 


2Cu,0 = 4Cu+0,. 
Taking 1°232 volts as the #.M.F. of the H,—O, cell with both 
gases at atmospheric pressure, we have 


0:058 
0°469 = 1:232 + —Z 10g Pos 
lo ae 0°763 x 4 
8 Po ~. 0-058 


= 53-4. 
. Po, at 17°=3 x 10-53 atmospheres for 2Cu,O0 — 4Cu + O,. 


From this value, using equations developed in Haber’s ‘“ Thermo- 
dynamics of Technical Gas-Reactions,” the author has calculated the 
temperature at which the dissociation pressure of this reaction would 
become equal to 0:21 atmosphere, the temperature, that is, at which 
cuprous oxide would commence to lose oxygen when heated in air. 
The simplified * equation 26 (page 69. English edition) gives as this 
temperature 1929° abs., that is, 1656°. If use is made of equation 15 
(page 61), in which variations in the reaction heat with temperature 
are taken into account, a slightly higher temperature will be obtained.t 
Thus at 1900° abs. the system according to equation 26 will have 
a pressure of 150 mm.; according to equation 15, one of 45 mm. only. 

With these figures we will now compare values calculated by using 
the formula derived by Nernst. For dissociations in which oxygen is 
involved it runs : 

log po,= ot 1°75 log 7+C, 
where C= 2°8. 
* Constant involved = —39°2. + Constant involved = — 46:1. 


2164 ALLMAND: ELECTROMOTIVE BEHAVIOUR OF CUPROUS OXIDE 


Putting in Q =81600 and 7’= 290, 
we get log Po9= —54:5=55°5. 

Hence p,,=3 x 10-5 atmospheres at 17° for 2Cu,O0 — 4Cu+O,. 

The agreement (comparing the logarithms) is remarkably good. But 
at higher temperatures it is still more striking. Stahl (M/etallurgie, 1907, 
4, 682), using the same formula, has calculated, as the author has done 
above, the temperature at which the pressure of the system becomes 
equal to 0:21 atmosphere. He gets the value 1662°, whilst using 
Haber’s simplified formula and the results of the electromotive measure 
ments, the almost identical value of 1656° has been obtained. We 
are unfortunately not in possession of any experimentally determined 
values. Foote and Smith (J. Amer. Chem. Soc., 1908, 30, 1344) have 
recently shown that the dissociation pressure does not exceed 1 mm. 
at 1020°. 

It should be pointed out, however, that any dissociation pressures 
which may be observed in the future will probably be greater than 
those calculated by the Nernst or Haber formule. The reason is that 
the calculated values refer to the equilibrium between cuprous oxide, 
superheated solid copper, and oxygen, whereas the experimentally deter- 
mined figures would hold for cuprous oxide, fused copper saturated 
with cuprous oxide, and oxygen. Both because of its being fused and 
because of the dissolved oxide, the vapour pressure of the copper 
entering into the equation : 

ea (Pou)*-Pog 
(Pcu,0)” 
will be less than in the calculated value, and hence the oxygen 
pressure correspondingly greater. 

Apart from the dissociation pressure of the system 2Cu,0 == 
4Cu+0O,, there is another magnitude experimentally determined in 
this paper which can be calculated on the lines indicated by Nernst. 
That is the #.M.F. of the cell A, which corresponds with the reaction : 

Cu,0 + H, —> H,0 + 2Cu. 

The first calculations of #.M.F.’s from thermochemical data, working 
with the Nernst thermodynamical theorem were made by Halla 
(Zeitsch. Elektrochem., 1908, 14, 411). They only referred, however, to 
condensed systems of the type Pb + 2AgCl —> PbCl,+2Ag. Nernst 
(Sttzungsber. K. Akad. Wiss. Berlin, 1909, 247) himself in a later 
paper has extended the calculations to electromotive systems in which 
gases can take part, such as correspond with the reactions : 

H,+HgO —> H,0+Hg and H,+Cl, —> 2HCIl. 
To the first of these the element at present under discussion is strictly 
analogous. To avoid using in his calculation the specific heat of 
supercooled water, a quantity not accurately known, Nernst has 
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calculated the #.M.F. of the combination Hg | Hg0O alkali | Pe at 0°, 


| H, 
thus obtaining ice as one of the resultants of the reaction. He has 
compared the value obtained—0°880 volt—with a figure which is 
obtained by extrapolating Brénsted’s (loc. cit.) results to 0°, namely, 
0-934 volt. The discrepancy is thus rather considerable. In the 
present case, there are no available data from which the #.I.F. of the 


combination Cu | Cu,O0 alkali = at 0° can be obtained. It was not 
2 


thought worth while to measure the half-element Cu | Cu,O alkali at 
0°, because there are no existing figures on the temperature-coefficient 
of the hydrogen electrode or its value at 0°. This could, indeed, be 
calculated, but not with any great degree of certainty, from other 
existing data. That as a matter of fact it makes but little difference 
if the calculation does involve the specific heat of supercooled water 
can be readily shown. Thus for 


HgO +H, —-> Hg+H,0O 


we have 
Q = 63200 — 21500 = 46700 at 290° abs. 
Also 
dQ _ a. 9 ; , 
dp) + 28.290 =68 +11 2-—18°0-—68= -6'8. 
580 B = -10°3. B= -0:018. 
Hence : 
46700 = Q,+3°5.290 — 0°018.(290)? 
Q = 46700 -—1015+4+1514 = 47200. 
Therefore : 
0:0001983.290/ 47200 0-018.290 
ni 7 (apriage ~ 175 l0g.2004° 57-16) 


0:0001983.290 
= 4 (35°61 - 4:31 + 1-14 - 1-6*) 
0-0001983.290 


; (30°84) = 0°887 volt. 


This must be compared with the figure given by Brénsted for room 
temperature, namely, 0°929 volt.t We see that the discrepancy, 
although still considerable, is no worse, but rather less. The 


calculation of the #.M.F. of the cell Cu | Cu,O alkali a is there- 
2 


fore carried out for room temperature. 
The reaction is CuO0+H, —> 2Cu+H,0. 


* Nernst, Zeitsch. Elektrochem., 1909, 15, 687. 
+ Measurements of the author (about to be published) give 0°925 volt for room 
temperature. 
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We have (H,,0) = 68200 + (HO) 
(2Cu,O) = 40800 + (Cu,0). 
Hence Qoo9 = 27400. 
The molecular specific heats involved are (H,)=6°8 ; (H,O)=18; 
(Cu,O) =15°9 ; (2Cu) = 12°1. 
Therefore 
dQ 
apna? + 2B87=68+15:9-18:0-12:1= -—7-4. 
2B7=-10°9. B= -0-019. 
Therefore 
27400 = Q, +3°5.290 —0°019 (290)? 
Qo = 27400 — 1015 + 1600 = 27980. 
Hence 
0:0001983.290 7 27980 0:019.290 
Em > (gpriag0 ~ 1-75log. 290+ 7-1-6) 
__ 9:0001983.290 
2 
0°0001983.290 
- 2 
The agreement is all that could be wished. 


(21-11 — 4:31 + 1-20 - 1°6) 


(16:40) =0-472 volt. 


It should finally be mentioned that several workers have measured 
electrodes of the types described in this paper. For example, 
Immerwahr (Zeitsch. anorg. Chem., 1900, 24, 269), in her investigation 
of the copper ion concentrations in saturated solutions of sparingly 
soluble copper salts, used the combination Cu | Cu(HO), (colloidal) 
alkali. She found it impossible to calculate a solubility product for 
the cupric hydroxide, owing to the rapid change of potential. This 
was attributed to dehydration to cupric oxide, but it is obviously 
to be partly ascribed (in light of present results) to the change 
Cu"*+Cu —> 2Cu*. Lorenz and Hauser (Joc, cit.) and Johnson (loc. 
cit.) have both worked with the electrode Cu | Cu,O alkali. For the 


combination Cu | Cu,O alkali | ag the former workers found values 
2 


of 0:905 to 0°932 volt, whilst Johnson found 0°438 volt; both 
figures are considerably different from the 0°469 volt given in this 
paper. 
Summary of Results. 

(a) The system copper-cupric hydroxide-alkali is shown to be 
unstable. 

(6) Cells containing the stable systems copper, cuprous oxide, alkali 
and platinum, cupric hydroxide, cuprous oxide, alkali have been 
measured, 
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(c) Existing data as to the untrustworthiness of the hydrogen 
electrode in alkaline solution are confirmed. 

(d) The solubility products of cuprous oxide and cupric hydroxide 
are calculated. 

(e) The influence of size of grain of depolariser on electrode 
potentials is emphasised. 

(/) The dissociation pressure at room temperature of the reaction 
2Cu,0 = 4Cu+O, is calculated, and shown to be in fair agreement 
with the value obtained by calculating with Nernst’s formula. 

(g) The temperature is calculated at which cuprous oxide will 
dissociate in air according to the above equation, and is shown to give 
the best of agreement with the same value obtained using Nernst’s 
formula. 


(h) The #.M.F. of the element Cu | Cu,0 alkali oi has been 
2 


calculated in the way shown by Nernst, and the result is again in 
excellent agreement with that experimentally determined. 


The author wishes to offer his best thanks to Prof. Donnan for the 
continued interest shown, and the valuable advice given, during the 
course of this work. 


MuspPratr LABORATORY OF PHYSICAL CHEMISTRY, 
UNIVERSITY OF LIVERPOOL. 


CCXXXII.—A New Synthesis of Oxazole Derivatives. 


By Rosert Rosinson. 


Durine the course of a synthetical investigation, the author had 
occasion to prepare w-phenylacetylaminoacetophenone, 
COPh:CH,°NH:CO:CH, Ph, 

and noticed that this substance, under the influence of concentrated 
sulphuric acid, readily loses the elements of water with the production 
of a feeble base of the formula C,,H,,ON. The probable explanation 
of this interesting change is that this compound, reacting in its enolic 
form, 

OH-CPh:CH’N:C(OH):CH,Ph, 
loses water from the two hydroxy-groups, and the base obtained 
would then be 5-phenyl-2-benzyloxazole, 


CPh=CH 
0<G(cH,Ph)7 
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That the reaction really does take this course was proved by 
examining w-benzoylaminoacetophenone, a substance which was easily 
obtained by benzoylating w-aminoacetophenone. On treatment with 
concentrated sulphuric acid, this compound was found to yield 2 :5- 
diphenyloxazole, identical with the base prepared by Emil Fischer 
(Ber., 1896, 29, 205) by the condensation of benzaldehyde with its 
eyanohydrin under the influence of hydrochloric acid. The same base 
is also obtained by heating bromophenylacetaldehyde with benzamide 
(E. Fischer, Ber., 1896, 29, 213). 

The production of 2:5-diphenyloxazole from w-benzoylamino- 
acetophenone is a clear proof that in the syaothesis of oxazoles from 
bromo-ketones or aldehydes and acid amides, the hydrogen of the 
amino-group condenses with oxygen of the carbonyl group rather than 
with the bromine. Thus, for instance, the reaction between bromo- 
acetophenone and benzamide does not involve the intermediate forma- 
tion of benzoylaminoacetophenone, since it is the 3:5- and not the 
2 :5-diphenyloxazole which is produced (Bliimlein, Ber., 1884, 17, 
2580 ; Lewy, Ber., 1887, 20, 2579). 

The synthesis may be represented as follows if both the bromo- 
acetophenone and the benzamide are assumed to react in the enolic 
form : 


CPh-OH HO-C Ph CPh-O-C Ph 


= HO+0 i 


CHBr * HN CH——NHBr’ 


2 :5-Diphenyloxazole and, to a much greater extent, its dimethoxy- 
derivative (see p. 2172), exhibit blue fluorescence in alcoholic 
solution. 

The introduction of the methylene group between the oxazole ring 
and the phenyl radicle gives rise to oxazoles which are not 
fluorescent. Evidently the occurrence of this property is dependent 
on an uninterrupted chain of conjugate double linkings connecting 
the aromatic nuclei through the oxazole ring. 

The method of synthesising oxazole derivatives described above in 
the case of 2:5-diphenyloxazole has been tested in various cases, 
and is probably of very general application, but at least one case in 
which ring formation does not take place has been observed. 

2-Benzoylamino-5 : 6-dimethoxyhydrindone, 


Meo’ \“ \coH 
( Y \S8on-nupz, 


is unchanged by solution in sulphuric acid for half an hour, and this 
is remarkable in view of the ease with which the closely allied 
w-benzoylaminoacetoveratrone undergoes the transformation. It is the 
author’s intention to apply this method of oxazole formation to the 
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synthesis, not only of the unknown parent of the group itself, but 
also of some of its more important derivatives. 

In the meantime a number of new substances are described, which 
it was necessary to prepare in order to test the applicability of the 


above synthesis. 


EXPERIMENTAL. 
w-Benzoylaminoacetophenone, COPh:CH,*NH-COPh. 


This compound is very readily obtained under the following con- 
ditions : w-Aminoacetophen one hydrochloride (5 grams) is dissolved in 
water (50 c.c.), the solution vigorously stirred, and treated with 
benzoyl] chloride (7 grams) and sufficient aqueous potassium hydroxide 
(40 per cent. solution) to keep the liquid alkaline. 

When all the benzoyl! chloride has been decom posed, the oil solidifies, 
The almost colourless,e crystalline mass is collected, washed with 
water, and a small quantity of oily impurity removed by contact with 
porous porcelain. 

The colourless substance may be recrystallised from alcohol, and 
separates in beautiful needles, melting at 123°: 

0°1202 gave 0°3322 CO, and 0:0608 H,O. C=75-4; H=5°6. 
C,,H,,0,N requires C=75°3; H=5-4 per cent. 


CPh.¢ H 
CPh:N 


2 :5-Diphenylomazole, O< 


Benzoyl-w-aminoacetophenone (1 gram) was dissolved in concen- 
trated sulphuric acid (5 ¢.c.), and the solution warmed on the water- 
bath for two minutes and then poured into water. 

The colourless, crystalline precipitate, after collection and crystall- 
isation from light petroleum (b. p. 50—70°), melted at 73°, whilst 
the melting point of 2:5-diphenyloxazole, prepared from benz- 
aldehyde and benzaldehydecyanohydrin, is 74° (E. Fischer, Ber., 
1896, 29, 207). The identity of the two substances was further 
proved by a careful comparison of the products, as well as by the 
fact that a mixture of them melted at 73°. 

Since 2-phenyl-5-veratryloxazole exhibits marked blue fluor- 
escence in benzene solution, it was of interest to examine 2: 5- 
diphenyloxazole in this respect. 

It was found that, although this property is difficult to observe in 
ordinary light, yet by the light of burning magnesium the alcoholic 
or benzene solution of this substance shows strong violet-blue 
fluorescence. 
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w-Phenylacetylaminoaceto phenone, COPh:CH,*NH:CO-CH,Ph. 


This substance was prepared in considerable quantities for some 
synthetical experiments, and the following process was found to be 
expeditious. 

w-Aminoacetophenone st annichloride (50 grams) is dissolved in hot 
water (250 c.c.) and the solution cooled, and treated with phenyl- 
acetyl chloride (30 grams) and t hen with aqueous potassium hydroxide 
(175 c.c. of a 40 per cent. solution). The rise in temperature is 
checked by the addition of small pieces of ice, and the liquid must 
be thoroughly stirred by mechanical means. The end of the reaction 
_is indicated by the crystallisation of the product, and, after dilution 
with water, the pale yellow crystals are collected and crystallised from 
benzene, ether, or alcohol. 

The purest product is obtained from ether ; colourless needles or 
prisms, melting at 104°: 

0°1235 gave 0°3424 CO, and 0°0680 H,O, C=75°6; H=6:1. 

C,,H,,0,N requires C= 75°9; H=5-9 per cent. 

The oxime crystallises from benzene or dilute alcohol in prisms, or 
from ethyl acetate and light petroleum as a highly characteristic 
mass of balls of minute threads. It melts at 154°, and was found to be 
unaltered by solution in concentrated sulphuric acid for a short 
time. Longer action induces some change, but it was not found 
possible to isolate the expected six-membered, heterocyclic substance. 

On analysis, after drying in a vacuum : 

0°1217 gave 10°9 c.c. N, at 12° and 765 mm. N=10°7. 

C,,H,,0.N. requires N = 10°4 per cent. 

The phenylhydrazone, when recrystallised from alcohol, forms a 
beautiful, satiny powder, which under the microscope is seen to 
consist of curious crystals, shaped like a flower with four large 
petals. This derivative melts at 184—185°, and shows a great 
tendency to change into a yellow oil, especially under the influence of 
heat : 

0°1222 gave 12°8c.c. N, at 150° and 754mm. N=12°2. 

C,,H,,ON, requires N = 12:2 per cent. 


5-Phenyl-2-benzyloxazole, O<O(OH, PLY>’: 
2 


w-Phenylacetylaminoacetophenone (2 grams) was dissolved in cold 
concentrated sulphuric acid (10 c.c.), and the solution kept for two 
hours. On adding water in excess, a crystalline precipitate is ob- 
tained, but time must be allowed for the milky fluid to deposit the 
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whole of the substance in a solid condition. On crystallisation from 
light petroleum, magnificent long, flat needles, melting at 89°, 
separate. 

In common with the other oxazole derivatives described in this 
paper, this substance is readily soluble in most organic solvents, 
but sparingly so in boiling water or cold light petroleum : 

0°1300 gave 0°3891 CO, and 0:0639 H,O. C=81:6; H=5'5. 

C,,H,,ON requires C=81°7 ; H=5°5 per cent. 

Under no conditions was fluorescence observed in the solutions of 
this substance. 

The picrate forms pale yellow prisms, readily soluble in alcohol, 
melting at 103°: 


0°1173 gave 11°6 cc. N, at 10° and 768 mm. N=12°0. 
C,.H,,0,N, requires N = 12:1 per cent. 


a-Hydroxy-B-phenylacetylamino-a-phenylethane, 
OH:-CHPh:CH,°NH-CO-CH,Ph. 


w-Phenylacetylaminoacetophenone (10 grams) was dissolved in 
methyl alcohol (150 c.c.) and water (50 c.c.). The solution was 
vigorously stirred and treated with sodium amalgam (300 grams of 
3 per cent.), added gradually during three hours. A neutral reaction 
was maintained by a stream of carbon dioxide, and the reduction was 
completed in four to five hours. The liquid was filtered to remove 
sodium carbonate, and then diluted with twice its volume of water. 
A crystalline precipitate slowly separated, which, when recrystallised, 
first from benzene and finally from dry ether, formed hard, colour- 
less prisms, melting at 99°: 

0°1198 gave 0°3291 CO, and 0:0747 H,C. C=74:9; H=6°9. 

C,,H,,0O,N requires C=75°3 ; H = 6°6 per cent. 

Unsuccessful attempts were made to cause this substance to give 
up the elements of water so as to produce a dihydro-oxazole deriv- 
ative. Thus the action of concentrated sulphuric acid is either so 
mild that the compound may be recovered unchanged, or so vigorous 
at higher temperatures that there is complete decomposition. If a 
solution in concentrated sulphuric acid is warmed for two minutes on 
the water-bath, then diluted with water and boiled, a very strong and 
characteristic odour of phenylacetaldehyde is observed. The form- 
ation of this substance is clearly due to the elimination of water so as 
to form the compound 

CHPh:CH:NH:CO:-CH,Ph, 

which, in turn, is further hydrolysed, yielding phenylacetaldehyde, 
ammonia, and phenylacetic acid. 
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This alcohol is also surprisingly stable towards phosphoric oxide in 
boiling benzene solution. In one experiment a 10 per cent. solution 
in benzene was boiled for one and a-half hours with a large excess of 
phosphoric oxide. On decomposing the product with ice, a consider- 
able quantity of the unchanged substance was found in the aqueous 
phosphoric acid solution, from which it was recovered by. extraction 
with ether after the addition of sufficient alkali to neutralise the acid. 
Under, however, more vigorous conditions, a very small quantity of a 
base can be isolated. a-Hydroxy-8-phenylacetylamino-a-phenylethane 
(5 grams) was dissolved in benzene (50 c.c.), and boiled with phosphoric 
oxide (30 grams) for five hours. The benzene was then decanted, and 
the residue heated for three hours on the water-bath. The product 
was dissolved in water, filtered, and, after rendering alkaline with 
potassium hydroxide, extracted with ether. The ethereal solution 
was washed with dilute hydrochloric acid, and this aqueous solution 
treated with picric acid. 

The picrate so formed crystallises from alcohol in canary-yellow 
micro-prisms, melting at 176—177°. There is a possibility that this 
substance is the picrate of benzylisoquinoline, which melts at 184° 
(corr.) (Decker and Pschorr, Ber., 1904, 37, 3396). The quantity 
obtained was, however, very small, and the substance was not further 
investigated. 


2-Phenyl-5-veratryloxazole, O 0 Clo, oH,(OMe), SOH. 


w-Benzoylaminoacetylveratrone (1 gram) (Pictet and Gams, Ber., 
1909, 42, 2948) is warmed with concentrated sulphuric acid (5 c.c.) 
for five minutes on the water-bath. The solution is cooled, and decom- 
posed by the addition of water. The oxazole derivative separates in 
colourless crystals, and on recrystallisation from light petroleum, 
forms groups of very slender needles, melting at 97°. The substance 
is readily soluble in alcohol or benzene, and the solutions show an 
intense blue fluorescence. It forms a rather sparingly soluble hydro- 
chloride, which dissolves in warm water, and is apparently undissociated 
in presence of an excess of water. ‘Thus the introduction of methoxy- 
groups has the effect of increasing the strength of oxazole bases : 

0°1194 gave 0°3168 CO, and 0:0577 H,O. C=724; H=5-4. 

C,,H,,0O,N requires C= 72°6 ; H=5:3 per cent. 


w-Phenylacetylaminoacetoveratrone, 
C,H,(OMe),-CO-CH,*NH-CO-CH,Ph. 


A solution of w-aminoacetoveratrone stannichloride (25 grams) in 
hot water (150 c.c.) was cooled and treated with phenylacetyl chloride 
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(25 grams) and an excess of potassium hydroxide. The mixture was 
mechanically stirred, and cooled with small pieces of ice. The pale 
yellow, crystalline product was collected, and recrystallised{from methyl 
alcohol, in which solvent it is sparingly soluble in the cold. Flocculent 
masses of needles are first obtained, and these change in course of 
time into a powder consisting of stout needles or prisms, melting at 
135°: 
0°1249 gave 0°3171 CO, and 0:0687 H,O. C=69:2; H=6'l. 
C,,H,,0,N requires C=69°0 ; H=6'1 per cent. 


2-Benzyl-5-veratryloxazole, o<clol, Sy > CH. 
»Ph)= 


w-Phenylacetylaminoacetoveratrone (1 gram) was dissolved in cold 
concentrated sulphuric acid (5 c.c.). ‘The solution becomes warm, and 
at the end of five minutes was diluted with water. The precipitated 
oxazole derivative, after collection and crystallisation from light 
petroleum, formed colourless needles, melting at 86° It is fairly 
soluble in hot light petroleum, readily so in alcohol or benzene, but 
the solutions show no trace of fluorescence : 


(0°1272 gave 0°3410 CO, and 0:0703 H, a C=73:1; H=6:'l. 
C,,H,,0,N requires C= 73:2; H=5°8 per cont. 


2-Benzoylamino-5 : 6-dimethoxy-1-hydrindone, 


Meo) CH OH-NHBz. 
Ww. 

2-Oximino-5 : 6-dimethoxy-l-hydrindone (10 grams) (Perkin and 
Robinson, Trans., 1907, 91, 1074) is treated with a solution of 
stannous chloride (40 grams) in concentrated hydrochloric acid 
(50 c.c.). In a short time the temperature rises, and the stanni- 
chloride of the base separates out. After three hours, the precipitate 
is collected, dissolved in hot water, and the tin removed by means of 
hydrogen sulphide. The filtered solution, on evaporation, yields a 
crystalline mass of 2-amino-5 : 6-dimethoxy-l-hydrindone hydrochloride. 
On adding platinic chloride to a hot solution of the hydrochloride, 
the platinichloride is obtained in beautiful, golden needles : 


0°1305 gave 00310 Pt. Pt=23°7. 
(C,,H,,0,N),,H,PtCl, requires Pt = 23°8 per cent. 
2-Amino-5 : 6-dimethoxy-1-hydrindone hydrochloride (3 grams) was 
dissolved in water (50 c.c.) and shaken with benzoy! chloride (10 grams), 
the solution being rendered alkaline by the addition of small quantities 
of aqueous potassium hydroxide, A colourless, chalky solid separated, 
VOL. XCV. 7D 
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and was collected and washed with alcohol. To effect this it is 
necessary to grind the substance with the solvent in a mortar. 

The product, when dried on porous porcelain, cements together to a 
very hard and brittle cake. It is sparingly soluble in most organic 
solvents, and crystallises from benzene, ethyl acetate, or alcohol in 
needles melting at 224°: 

01251 gave 0°3175 CO, and 0°0646 H,O. C=69'2; H=6:l. 

C,,H,,0O,N requires C=69°4; H =5°5 per cent. 

This benzoyl derivative was found to be unchanged by concentrated 
sulphuric acid or alcoholic hydrochloric acid, unless the temperature 
employed is so great that the substance undergoes profound 
decomposition. 


THE UNIVERSITY, 
MANCHESTER. 


COXXXIIT. —The Correction of the Specific Gravity 
| of Inquids for the Buoyancy of Arr. 


By Joun Wank, D.Sc., and Ricnarp Witit1am Merriman, B.A. 


In the course of an extensive series of specific gravity determinations, 
considerable difficulty was experienced in obtaining concordant 
results. The error was eventually traced to the correction for 
buoyancy of air, for which the customary formula (I) was employed. 
In this formula, w, W are the apparent weights of liquid and water 
respectively, S,,. the corrected specific gravity of the liquid at ¢°/t°, 
and p its true density at ¢° (=specific gravity at ¢°/4°). 


Correction Formula I. 


w 0-0012 
Soe = + —— 


— 00012). 

Investigation of the relative importance of the various sources of 
error led to the formulation of some very simple expressions, which 
will be found materially to reduce the labour involved in these 
troublesome corrections. It is assumed throughout that the pykno- 
meter is filled with liquid and water at identical temperatures, either 
by means of a thermostat, or by reading the water-content of the 
pyknometer, for any temperature at which it may be filled with 
liquid, from a curve plotted from water-values at various other 
temperatures. The correction for the expansion of glass, which would 
otherwise be necessary, is not only troublesome to determine with 
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accuracy, but also renders it difficult to reduce the buoyancy correction 
to a reasonably simple form. 

The expression (I) assumes a mean value for the density of air 
(0°0012), and is only valid when the pyknometer (or plummet), water, 
and liquid are weighed on a day on which the density happens to 
have this value. This condition is rarely complied with, and in a 
long series of determinations, during which the atmospheric conditions 
are constantly changing, errors may be introduced which fall within 
the limits of experiment. 

The density (c) of air half saturated with moisture is given in the 
following table, in which the temperature of the balance room is 
assumed to be between 10° and 25°, and the barometric pressure 
between 740 and 780 mm. (corr.). For dry air the values are a trifle 
greater, for saturated air a trifle less ; the extreme difference in either 
direction is less than 0°00001. 


TaBleE I. 


Weight of 1 ¢.c. of Air, o, at ordinary Temperatures and Pressures. 


Pressure in millimetres. 


Temperature. 740. 750. 760. 770. 780. 
25° 0°001146 0:001162 0°001177 0°001193 0°001208 
20 0001168 0°001184 0:001199 0°001215 0°001230 
15 0:001190 0:001206 0°001222 0°001238 0°001254 
10 0°001211 0°001228 0°001244 0°001261 0°001278 


It will be seen that, under ordinary conditions, the value of o may 
vary by nearly 12 per cent.; the minimum occurs in hot weather 
with a low barometer, the maximum in cold weather with a high 
barometer. The correction obtained by substituting these values for 
that in formula (I) may vary from +0:00032 to +0°00036 for a light 
liquid, such as ether (p = 0°72), and from —0:00096 to —0°00105 for a 
heavy liquid, such as sulphuric acid (9 =1°84). Hence, if the fifth 
figure of the specific gravity is to have significance, it is necessary to 
introduce the true value of o into the correction. 

For this purpose, the following expression, in which the apparent 
specific gravity (D) at ¢°/t° (=w/W) is substituted for the corrected 
density (p) at #° (=S,,), will be found more convenient than the first 
formula ; the error introduced by the substitution is negligible (p, 2176). 

Correction Formula II. 
See = D(1 +0/D—c) =D+a(1 -D). 

The above formule are based on the implicit assumption that the 
pyknometer, liquid, and water are weighed under identical atmospheric 
conditions (footnote, p. 2179), and with this limitation, formula (II) 
gives correct results for any value of oc. When, however, as must 
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necessarily happen in a long series of determinations, the liquid and 
water are weighed under different conditions, a more comprehensive 
formula is required, or a further, and more serious, error may be 
introduced. 

The full expression for the corrected specific gravity (Sj) of a 
liquid at ¢°/t°, whether determined by pyknometer or by areometer, is 
given by the following formula, in which w, W are the apparent 
weights of the liquid and water at #°, D is the apparent specific 
gravity of the liquid at ¢°/t° (=w/W), B the density of the weights, 
and o, o’ the density of the air at the time of weighing the liquid and 
water respectively.* 


Correction Formula ITI. 
w{1+o (1/D — 1/B)} 1+o (1/D - 1/B). 
“Wh +o (1-1/B)}} ~ 7% 140 —1/B) 

This formula involves the following assumptions : 

(1) That variations in the apparent weight of the empty pykno- 
meter are eliminated, or allowed for (see p. 2178). 

(2) That in calculating the weight of air displaced by the various 
masses, the following differences are negligible : 

(a) the difference between the apparent and true weights of 
the various masses ; 

(6) the difference between the apparent specific gravity of the 
liquid (D) at ¢°/t° and its true density (p) at 1°/4°; 

(c) the temperature variations in the density of the water. 

For (a) the error is at most 0°12 per cent. on the correction ; this is 
at most + 0:05 per cent. on the specific gravity, making a maximum 
resultant error of +0:06 per 100,000. For (b) the error is at most 
+0°05 per cent. on the specific gravity correction of 0°05 per cent., 

* Let W,, W., Ws, be the apparent weights of the pyknometer (1) empty, (2) 
filled with water, at ¢°, (3) filled with liquid at ¢°, when the density of the atmosphere 
is respectively o”’, o’, anda. Let 2), 2, Q; be the corresponding true weights ; », 
V the true volume of the pyknometer, empty and full ; p, 5, B the true densities of 
the liquid, water, and weight respectively ; and w, W, D as above. 

Then 23= Wyt+a (V—- W,/B); 

2,= W,+0' (V- W./B); 
2, = W+o0" (v— W,/B); 


S, ee = 


= See = Wate V- WB} -{W+0"v- W)B)} 
ie {Wy+0(V — W/B)} -{W,+0"v— W,/B)} 
Putting V = v+(23-2,)/p = v+(_-9))/8, 


and assuming that, for the purpose of the correction, 
(i) 2), Qe, 293= Wi, Wy, Wy, 
(ii) o’’=o0 and o’ 
in the numerator and denominator respectively, 
(iii) p=D and 5=1, 
this expression reduces to formula (III). 
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making a maximum resultant error of +0°03 per 100,000, For (c) at 
25° the error is 0°33 per cent. on the buoyancy correction for the 
water ; this is + 0°11 per cent. on the weight of the water, making 
the resultant error at most + 0°35 per 100,000 on the specific gravity ; 
at 20° this falls to + 0°22, and at 15° to +0°11 per 100,000. 

Now the accuracy of a specific gravity determination is practically 
limited by temperature, which for ordinary purposes cannot be regu- 
lated more closely than 0°01°. For most organic liquids, this corre- 
sponds very nearly with 0°00001 in specific gravity ; hence errors of 
less than 1 in 100,000 may safely be neglected. As the extreme 
aggregate error of formula (III), assuming that all individual errors 
are at a maximum and in the same direction, is +0°4 per 100,000, it 
follows that this formula is rigidly accurate for specific gravities 
within ordinary range, under ordinary conditions of temperature 
regulation. The assumption that the density of water, for the 
purpose of the buoyancy correction, is unity, is the only one that 
seriously affects even the sixth decimal place. 

Introducing extreme values of D and o into formula (III), and 
taking the density of the brass weights as 8°4,* it will be seen that 
the variations in the corrected specific gravity are still further within 
the limits of experiment. In the case of ether, for example, for which 
D=0°736 at 0°/0° with o and o’ = 0°0012, the extreme deviation from 
the true correction, namely, when o = 0°00115 and o’ = 0°00125, or vice 
versa, is + 0:00008 ; this would correspond with a variation of 0°08° in 
temperature, or, in a 50 c.c. pyknometer, of 0°004 gram in weight.T 

The above formula, although much simpler than the rigid expression 
from which it is derived, is still rather cumbrous, and makes correction 
decidedly laborious. In a series of determinations, the labour may 
be materially lessened by plotting the true water-content of the 
pyknometer against temperature once for all, as already indicated. 
The weight of water can then be read for any temperature at which 
the pyknometer may have been filled with the liquid ; and the trouble- 


* Strictly speaking, the density of the weights ought to be determined experi- 
mentally, and the small weights reduced to brass by the usual calibration in air. 
As, however, variations in this constant affect only a small coefficient in the 
numerator and denominator of the correction factor by the same very small amount, 
their influence on the correction is altogether negligible. In the extreme case of 
B=8'6, D=1°84, with o and o’ alternately at opposite extremes, the error does not 
reach the sixth decimal place of specific gravities within the above range. 


t D. o. o’. Corrected sp. gr. 
0°73600 0°00115 0°00125 0°73624 
0°00120 0°00120 0°73632 
0°00125 0°00115 0°73640 
1°84000 0°00115 0°00125 1°83887 
0°00120 0°00120 1°83899 


0°00125 0°00115 1°83911 
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some alternatives of bringing the liquid to a standard temperature, 
or of determining the coefficient of expansion of the pyknometer 
itself, are avoided. Putting W’ = W {1+o'(1-—1/B)} for the corrected 
weight of water at ¢°, and D’'=w/W’' for the apparent specific 
gravity, calculated on the corrected weight of the water, formula (III) 


becomes : 
Correction Formula IV. 
1 1/D’ — 1/B)} 
Soope sai wd ad hal 1/ BY - D’ hom oD'/B. 


The values of o required for this formula are given in table I 
(p. 2175), and those of oD’/B in table II (p. 2179). The error intro- 
duced by substituting D’ for D in the correction is negligible (compare 
D and p, p. 2176). In both formuizx, however, it is assumed, as already 
stated, that variations in the apparent weight of the empty pykno- 
meter are eliminated either by counterpoising the vessel permanently 
with glass, or by weighing it immediately before filling with liquid 
and water respectively (see footnote, p. 2176). If this is not done, the 
error passes by difference into the weight of the liquid, and must be 
allowed for. The allowance is most conveniently made by subtracting 
a small correction (table II1) from the true weight of the vessel. As 
the apparent weight of a 50 c.c. pyknometer weighing 20 grams may 
fluctuate by 0°0006 gram, neglect of this precaution may, in the case 
of a liquid of specific gravity 0°736, cause an error of 0:00002.* 


* If a glass counterpoise be employed, it may conveniently consist of a solid slab, 
adjusted to the required weight by grinding. It is sometimes stated that the 
counterpoise should have approximately the same area as the tared vessel, in order 
that error from hygroscopic moisture may be eliminated. In the authors’ experience 
this is unnecessary ; the corrected weight of a pyknometer which has been carefully 
wiped with a fine cambric cloth, and allowed to attain equilibrium in a fairly dry 
atmosphere, such as that of a balance case, is for practical purposes constant. 

But while it is permissible to employ a simple glass counterpoise for the pykno- 
meter, the use of a sealed counterpart, such as is employed in determining the 
densities of gases, leads to a very grave error, which hitherto has apparently escaped 
attention. It is true that the sealed vessel eliminates error due to variations in the 
density of the air, and thus, at first sight, simplifies formula (III) to: 

Seje = D(1-o/B){(1-0'/B) ; 
but in so doing, it introduces a constant error, which far outweighs any due to 
variations in the atmospheric conditions. 

This error arises from the impracticability of exhausting the pyknometer at the 
time that the weight of the counterpoise is adjusted, as is done as a matter of course 
when a counterpoise is made to a gas density flask. It follows that in the automatic 
subtraction of the apparent weight of the empty pyknometer from that of the filled 
vessel, not only is the weight of the empty vessel subtracted, but also that of the air 
it contained at the time that the counterpoise was adjusted. Hence this weight, 
(V-v)o”, must be added to the apparent weights of the liquid and water after these 
have been corrected for the buoyancy of the air on the brass weights. 
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TaB.e II. 
Values of oD'/8°4. 


g. ¢. 


A. A 


"00115. 0°00120. 0-00125. 


D’. 06°00115. 0°00120. 0-00125. | D 
07 0:000096 0:000100 0:000104 | 1°3 0°000178 0000186 0-000194 
0°8 07000110 0°000114 0°000119 | 1°4 0°000192 0°000200 0-000208 
0°9  0°000128 0°000129 0°000134 | 1°5  0:000205 0-000214 0:000223 
1:0 0°000137 0°000143 0000149 16 0°000219 0:000229 0:000239 
1'1 0°000150 0°000157 0°000164 17 0°000238 0:000243 0:000253 
12 0°000164 0°000171 0:000178 | 1°8 0:000246 0-000257 0-000268 
TaBLeE III. 
Difference between True and Apparent Weights of Glass Pyknometer 
(p=2°5). 
c= 0°00115 0°00120 0°00125 
Difference in milligrams per gram 0°323 0°337 0°351 


The results afforded by the simplified formula (1V) differ from the 
standard correction only by a small figure in the sixth decimal place ; 
and the calculation, once the water-content of the pyknometer has 
been plotted, is merely a matter of adding and subtracting numbers 
read from a table. Further simplification is possible, however. 
The terms o(1/B) and o'(1/B) in formula (III), which embody the 
correction for the buoyancy of the air on the weights, become identical 
when o =o’, and in such cases, being very small compared with the 
whole, disappear.* The divergence from the true correction therefore 
depends on the difference between o and o’, and is, in fact, numerically 
equal to D(a -a’)/B = 0:12 D(o—o’). For the extreme values of o and 
o’ already considered, namely, 0°00115 and 0:00125, this amounts to 
+12 parts per 100,000, a quantity only just within the experimental 


As V — v=w/D = W, formula (III) then becomes successively : 
w(1-o0/B)+(V-~v)o” 1+o"/D-«o/B 


Seie = (1 6'/B)+(V-0)0" ~ 2 1+0"-o//B 

Introduction of a sealed counterpoise under these conditions therefore, not only fails 
to eliminate the correction for the buoyancy of the air on the contents of the pykno- 
meter, but actually renders the full correction more complicated. Taking a mean 
value of 0':00120 for o”, the error introduced by assuming that the factor for the 
buoyancy of air on the liquid and water is eliminated ranges from ~0-00033 for 
sp. gr. 0°736 to +0°00102 for sp. gr. 1°84, or over a slightly wider range if the 
correction for buoyancy on the weights be neglected (see, for example, Squibb’s 
determination of the density of alcohol, J. Amer. Chem. Soc., 1893, 15, 126). 

* Formula (III) then reduces to Spe = D(1+0/D)/(1+0), which, when multiplied 
by (1-¢)/(1-o), becomes Sex = D+o(1-D), that is to say, formula (II); the 
terms in ¢? are insignificant. 
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limits.* When, as is usually the case, the difference between o and 
o’ is not more than 0:00005, the term 1/B may therefore safely be 
dropped from formula (III), giving: 


Correction Formula V. 


gy. — Wil + o(1/D)} _ 1 + o/D 
eee 2S, ide Coe a 


If now the water-content of the pyknometer be corrected for the 
weight of the air displaced by the water when o’ = 0-00120 (neglecting 
that displaced by the weights), this last condition is realised for all 
ordinary values of c. And if the values thus obtained be plotted 
against temperature once for all, the correction of the apparent specific 
gravity in a series of determinations is reduced to a simple addition. 
Putting W” = W(1+0’) for the weight of water at 4°, corrected in this 
manner,t and D” =w/W" for the corresponding apparent specific 
gravity, formula (V) becomes : 


Correction Formula VI 


1 + o(1/D 
Sere i w { a / )} saa D"(1 em o/D"’) = JD” + 


or the correction to be added to the apparent specific gravity, when this is 
calculated on the weight of water corrected for air displaced by the water 
(o' =0°00120), is the weight of 1 c.c. of air at the time of weighing the 
liquid. Variation in the apparent weight of the pyknometer, if not 
eliminated, must be allowed for as above (p. 2178). 

The relative accuracy of the above expressions will be gathered from 
the following examples, in which identical data for the specific gravity 
of alcohol are reduced by the various methods. The apparent weight 


= Dz. C. a’. Correction. Difference from (III). 
0°736 0°00115 0°00125 -+0°000230 — 0000008 
0°00120 0°00120 +0°000316 (correct) 
0°00125 0°00115 +0°000403 +9°000008 
1°84 0°00115 0°00125 — 0°001149 — 0°000021 
0°00120 0°00120 ~— 0°001008 (correct) 
0°00125 0°00115 — 0°000867 +0°000021 


+ For a series of determinations, the corrected water values would be plotted 
against temperature once for all, as under formula (IV). If the water-content of 
the pyknometer has been determined when o’ is other than 0°0012, as in the 
example given below, the whole curve may readily be corrected by means of 
a constant from table II (p. 2179), the quantity 0°0012 W/B being added to the true 
weight of water, namely, W+ Wo'— Wo'/B, in order to reduce it to the required 
partially corrected value with o’=0°00120. As D=1 for water, the value of 
(«-0°0012)/B from table II is 0°000138-0°000143. Hence the corrected weight 
is W+0°00116 W — (0°000138 - 0000143) W = 51°7200 + 0°0600 + 0°000005 x 52 = 
51°7803. , 
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(w) of the alcohol at 14°98°, with o=0-00123, was 41:0716 grams, the 
weight of the empty pyknometer having been duly corrected. The 
apparent water value (W), 51°7200 at 14°98°, was read from a curve 
which had been plotted uncorrected with o’ = 0°00116. 


Alcohol. Water. Ratio. Correction. S at °/¢°. 

I. 41°0716 51°7200 0°794114 x 1000311 0°794361 

II, 41°0716 51°7200 0°794114 +0°000253 0°794367 
III. 41°0716 51°7200 0°794414 x 1°000380 0°794416 
IV. 41°0716 51°7729* 0°793306 +0°001114 0°794417 
V. 41°0716 51°7200 0°794114 x 1'000389 0°794423 
VI. 41°0716 51°7803* 0°793190 +0°001230 0°794420 
Full t 41°1292* 51°7728* 0°794417 _ 0°794417 


* Corrected value. t Footnote (p. 2176). 
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CCXXXIV.—The Colouring Matter of Cotton Flowers. 
Gossypium Herbaceum. Part II. 


By ArTHUR GEORGE PERKIN. 


Some years ago (Trans., 1899, 75, 825) it was shown that the flowers 
of the Indian variety of the cotton plant contained as a glucoside 
a hitherto unknown colouring matter, which was called gossypetin, 
but a lack of material did not allow of a more than cursory study 
of this compound. More recently (this vol., p. 1855), it has been 
observed that gossypetin also exists as a glucoside in the flowers of 
the Hibiscus sabdariffa, and the results of this later investigation 
have indicated that the true formula of this dyestuff is C,;H,)0, 
rather than C,,H,,0,, which was originally proposed for it. There 
was evidence that the rather higher analytical figures formerly 
obtained arose from a contamination of the gossypetin with a trace 
of a similar yellow colouring matter containing a higher percentage 
of carbon, and it is considered likely that this may consist of 
quercetin. The formula and general reactions of gossypetin suggest 
that it is possibly a hexahydroxyflavone isomeric with myricetin 
(Trans., 1902, 81, 205), but the study of this substance is certain 
to be difficult, because, even could the flowers be procured in 
abundance, the amount of gossypetin which they yield is very small. 
With the desire of further investigating this compound, some 
quantity of Egyptian cotton flowers were obtained through the 
kindness of Mr. W. Lawrence Balls, of the Khedival Agricultural 
Society of Cairo, and although as a result the original intention of 
the work could not be carried out, some interesting new products 
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have been obtained. The flowers (corollas) were gathered from 
the ground, where they had fallen a day or two after the flower 
had opened out. They all came from one field of Afifi cotton, 
which is the main Egyptian variety and resembles all the 
other Egyptian kinds in its general habit of growth and in its 
flowers, differing only as regards the tint. The flower is golden- 
yellow, with a crimson spot at the base of the petal; this spot is 
not, however, so large as it is in many varieties of Gossypium 
herbaceum, using the word to signify the Asiatic type of cotton 
with small, round-lobed leaves. The Egyptian cottons appear, 
according to the recent researches of Messrs. Fletcher and Balls, 
to be derived from natural crosses of brown Peruvian cottons with 
the Sea Island variety. 


EXPERIMENTAL. 


The flowers were digested with ten times their weight of boiling 
alcohol for six hours, and the pale brown extract was evaporated 
to a small bulk. The residual liquid deposited, on cooling, an 
orange-brown precipitate, which was collected and washed two or 
three times with alcohol (the filtrate and washings (A) being 
reserved for examination). This product, which, when allowed to 
dry, consisted mainly of a semi-crystalline powder, was possessed 
of strong tinctorial property, and was of a glucosidal nature. It 
dissolved fairly readily in cold water, and this rather unusual 
property suggested that it was probably a salt of the dyestuff, 
which, on examination, proved to be the case. As the use of acid 
for the neutralisation of the compound was, in the circumstances, 
to be avoided, an aqueous solution of the substance, which had 
been freed from insoluble matter by filtration, and from wax by 
agitation with ether, was treated with lead acetate, causing the 
production of a dull red-coloured precipitate, which was collected, 
the filtrate being colourless or nearly so and free from dissolved 
glucoside. The precipitate, after being very thoroughly washed 
with boiling water, was mixed to a thin cream with water, and 
decomposed by. means of hydrogen sulphide; the mixture was then 
heated to boiling, and the lead sulphide removed by filtration. The 
dull orange-coloured liquid, on being kept in a vacuum, slowly 
deposited a mixture of crystals and gelatinous matter, and the 
evaporation was continued until nothing further separated. This 
product was collected and crystallised two or three times from 
water, and then consisted of a yellow, micro-crystalline powder, 
melting at 196—197°. As further purification in this manner but 
little affected the melting point, it was at first considered to be 
pure, but subsequent experiment proved that this was far from 
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being the case, and that the substance was in reality a mixture. A 
recrystallisation from methyl alcohol and water caused the melting 
point to rise to 213—215°, by a second treatment in this manner 
it fused at 231—233°, and by two crystallisations from pyridine and 
water a further rise to 245—246° then occurred. Finally, it was 
ascertained that the true melting point of this more sparingly 
soluble constituent of the mixture was 247—-249° (uncorr.). 

When deposited from aqueous liquids, this substance contains 
water of crystallisation, which is evolved at 100°, but is regained 
in contact with moist air for some days. For the purpose of 
analysis, a determination of the gain in weight thus experienced 
by the dried substance gave the most satisfactory result: 

Found, H,O=10°64; 10°53. 

An analysis both of the dried (a) and undried glucoside (6) was 
carried out: 

Found, (a2) C=54:22; H=4°76; (b) C=48°82; H=5:07. 

C,;H Oj. requires C=54°31; H=4°31. 
C,;H90j2,3H,O requires C=48°65; H=5°02; H,O=10°42 per cent. 

It consists of small, glistening, bright yellow plates, almost 
insoluble in cold and fairly readily soluble in boiling water. Its 
alkaline solutions possess a deep yellow tint; with aqueous lead 
acetate it gives a bright red precipitate, and with ferric chloride 
an olive-green coloration. The high melting point of this glucoside 
is remarkable, for such has been unusual in connexion with the 
hitherto described members of this special group. <A study of its 
hydrolysis with mineral acids revealed that it possessed consider- 
able stability in this respect, for when a solution of 0°766 gram 
of the substance in 500 c.c. of water was digested at the boiling 
point for one and a-half hours with addition of 1 c.c. of sulphuric 
acid, on cooling, 0°733 gram of a yellow powder separated, which, 
on examination, was found to consist almost entirely of unaltered 
glucoside. 

In a second experiment, 0°6905 gram of the dried substance, 
dissolved in 100 c.c. of hot water, was boiled for fifteen minutes 
with addition of 1 c.c. of sulphuric acid, but as hydrolysis did not 
even then appear to have occurred, a further 2 c.c. of the acid was 
added, and the solution boiled for two hours. During the latter 
operation a dull yellow precipitate gradually separated, and this 
was collected and dried at 160°: 

Found, C,;H,)0,= 63°94. 

Cy;H 9019 requires C,,H,,O;= 65°08 per cent. 

Finally, it was observed that the most efficient strength of acid 

for the hydrolysis of the glucoside was 4 c.c. of sulphuric acid in 
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100 c.c. of water, and although a slight discoloration of the product 
had occurred after a two hours’ digestion, this was not very material. 
An analysis of the air-dried substance by this method gave as 
follows : 

Found, C,;H,,0,=58°05. 

C,;H9019,3H,O requires C,;H,)0,=58'30 per cent. 

The product consisted of yellow needles, contaminated with a 
trace of a brown impurity, and on account of this it was first 
converted into its acetyl derivative, which formed colourless needles, 
melting at 191—194°. 

The hydrolysis of this compound was carried out by means of 
sulphuric acid in the presence of acetic acid, in the manner usually 
employed in these investigations (Trans., 1905, 87, 107): 

Found, C=58°32; H=3°97; C,;H,)0,=58°75. 

C,;H;0;(C.H,O),; requires C=58°59; H=3°91; 
C,;H 0; =58°96 per cent. 

An analysis of the free colouring matter gave the following 
result : 

Found, C=59°43; H=3'64. 

C,;H,)O, requires C=59°60; H=3°31 per cent. 

The examination of the properties of this substance indicated 
that it consisted of quercetin, and it was therefore evident that 
the compound C,,H., Oj, is a hitherto unknown glucoside of this 
colouring matter. To identify, if possible, the sugar which is 
produced by the hydrolysis of this glucoside, the sulphuric acid 
present in the aqueous filtrate from the quercetin was removed by 
means of barium carbonate, and the clear liquid evaporated to 
dryness. The viscid residue was extracted with alcohol, the 
alcoholic solution evaporated, and the now almost colourless product 
was treated with phenylhydrazine in the usual manner. An 
osazone was thus obtained crystallising in needles, and this was 
collected and washed with a little ether. Considerable trouble was 
experienced in the complete purification of this substance by 
crystallising it either from alcohol or from alcohol and water, a 
point which has been referred to by Tutin (Proc., 1907, 28, 250) 
as sometimes occurring with phenylglucosazone ; but by the employ- 
ment of alcoholic pyridine and water, as recommended by this 
author, the substance previously melting at 196—198° then fused 
and decomposed at 204—205°. Owing to the small quantity of the 
glucoside which was available, it was not possible to examine the 
pure crystalline sugar, but, on the other hand, as a mixture of 
the osazone and phenylglucosazone also melted at 204—205°, there 
is every reason to consider that it consists of dextrose. 
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The hydrolysis of this glucoside, for which the name 
quercimeritrin * is proposed, proceeds therefore according to the 
equation : 

Co) H0902 + HyO = C,5H 90, + CeH 20g, 
which requires a yield of 65°08 per cent. of quercetin. 

When quercimeritrin is added to boiling acetic anhydride, it 
slowly dissolves, and if, after a two hours’ digestion at this tem- 
perature, the solution is treated with its own volume of alcohol, 
colourless crystals of the acetyl derivative gradually separate out. 
The product is purified by recrystallisation from a mixture of 
alcohol and acetic acid: 

Found, C=55°31; H=4'69. 

C,,Hj,0;9(C,H,0), requires C=55°50; H=4°50 per cent. 

A cetylquercimeritrin consists of needles, which melt at 214—216°, 
and is very sparingly soluble in boiling alcohol. 

A determination of the number of acetyl groups which this 
substance contains was carried out by the acetic ether method 
(Trans., 1905, 87, 107), employing a solution of 3 c.c. of sulphuric 
acid in 30 c.c. of alcohol. At the conclusion of the operation, an 
examination showed that hydrolysis of the glucoside had also 
occurred, and the quercetin, which had been thus produced, was 
isolated by treating the residual alcoholic liquid with hot water 
and cautiously distilling off the greater portion of the alcohol: 

Found, C,H,0O,=61°07 ; C,;H,,0,= 37°76. 

C,,Hj,039(C,H3,0), requires C,H,O,=60°00 ; 
C,;H,)»0;=37°75 per cent. 

It was therefore an octa-acetyl derivative. 

Although quercimeritrin itself is almost insoluble in cold water, 
it has been shown above that it exists in these flowers, in a readily 
soluble condition, probably in the form of a salt. An examination 
of the residue given by an incineration of this plant product 
indicated the presence of a trace of iron, together with a con- 
siderable quantity of potassium, so that evidently the compound in 
question is mainly the potassium salt of the glucoside. A trace 
of copper was also present in the ash, but no importance could be 
attached to this point, because the alcoholic extraction of the 
flowers was performed in a copper vessel. 

If a hot alcoholic solution of quercimeritrin is treated with 
potassium acetate, a yellow precipitate of a potassium salt at once 
separates. As this, when collected, congealed together, it was not 
completely freed from the excess of acetate by washing with 
alcohol : 


* Derived from the ‘‘ Quercimerinsiure” of Hlasiwetz and Pfaundler (Jahresb., 
1864, 569), the existence of which appears to be doubtful. 
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Found, K=9'1. 
C,,H;,0,;.K requires K=7°77 per cent., 


but it was evidently a monopotassium compound, analogous to that 
which was previously prepared from rutin, a glucoside of quercetin 
(Trans., 1899, 75, 439). This quercimeritrin compound was readily 
soluble in water, and almost insoluble in alcohol, and may be 
identical with the potassium salt of the glucoside which is present 
in the flowers. 

The fact that quercimeritrin is an extremely stable glucoside is 
rendered obvious by a comparison of its behaviour in this respect 
with such well-known quercetin glucosides as quercitrin and rutin. 
These latter can be readily hydrolysed by digestion for about an 
hour with boiling dilute sulphuric acid of the concentration of 
1 cc. in 250 c.c. of water, whereas, as previously shown, 
quercimeritrin is best attacked by an acid which is ten times this 
strength. 

On wool mordanted with aluminium, tin, chromium, and iron, 
quercimeritrin gave the following shades: 


Aluminium. Tin. Chromium. Iron. 
Orange-yellow Bright orange Reddish-brown Olive-brown 


and these results were interesting, because, with the exception of the 
colour of the iron mordanted pattern, which is of a rather browner 
character, these shades closely resemble those which are given by 
quercetin * itself when dyed in a similar manner. On the other 
hand, they are widely different from the colours thus yielded by 
quercitrin and rutin, which have been described in an earlier 
communication (Trans., 1902, 81, 480). 

It has been previously pointed out (loc. cit.) that quercitrin is 
not hydrolysed during the dyeing operation, and it is most 
improbable that the more stable quercimeritrin would suffer decom- 
position during this process. The fact therefore that very similar 
shades are given both by the latter glucoside and quercetin itself is 
of importance, in regard to the location of the sugar nucleus. 

A study of the dyeing properties of kaempferol and luteolin 
(Trans., 1902, 81, 590), employing woollen cloth, has shown that 
the colours given by the chromium, aluminium, and tin mordants 
are almost identical in each case. On the other hand, the dyeings 
produced by quercetin are not only stronger, but much redder than 
those characteristic of kaempferol and luteolin, and this result is 
evidently the joint effect of the 3/- and 4/-hydroxyl groups and the 


* This was to be anticipated, owing to the fact that both this glucoside and 
quercetin yield, with lead acetate solution, similarly coloured precipitates, 
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pyrone 3-hydroxyl group, contained by the former colouring matter. 
Again, it has been rendered certain by the location of the methoxy- 


OH 
oHf*\o—c6"”—* 0H oH’ So—c Dou, 
Ee me Bae 
CO:C-OH CO-CH 
Ww, hi, 
OH OH 
Kaempfero!. Luteolin. 
OH 
oH’ No—c¢ =” NOH 
rails” 
CO-C-OH 
VA 
OH 


Quercetin. 


group in rhamnetin (quercetin monomethyl ether) (Trans., 1902, 
81, 471): 


_on 
CH,: aid bc You 


CO- Y OH 
ll 
OH 


Rhamnetin. 
which dyes similarly to quercetin, that the hydroxyl groups present 
in the phloroglucinol nucleus have little or no effect as regards 
the shades produced from the latter compound. 

There is every reason, therefore, to suppose that quercimeritrin 
contains the quercetin hydroxyl groups in the 3/-, 4/-, and 3-positions 
intact, and therefore its constitution will be represented by one 
of the two following ee 


OH 
0,H,(0H),-0’ So—c oH’ So—0¢~—S oH 
em “IS 
co-t-on \_ )co-c-0n 
C,H,(0H),-0 


py (II.) 
The solution of this problem should not be difficult, and experi- 
ments on this point will be carried out as soon as the necessary 
quantity of the glucoside is available. 


The alcoholic filtrate (A) (p. 2182), from which the crude 
potassium quercimeritrin had been removed, was treated with water, 
the alcohol evaporated, and the solution then agitated with ether 
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to remove waxy matter. The addition of lead acetate caused the 
formation of a deep red precipitate, which was collected, and the 
filtrate (B) placed aside for subsequent examination. When decom- 
posed with hydrogen sulphide, this product gave, by the method 
above described, a further quantity of quercimeritrin, the identity 
of which was confirmed by analysis: 

Found, C=54°00; H=4°48. 

It has been previously shown that the purification of crude 
quercimeritrin is a matter of considerable difficulty, indicating that 
in this condition other compounds of a similar nature are present. 
To investigate this point, the combined mother liquors which had 
been derived from it were fractionally evaporated, and the deposits 
thus obtained were redissolved and submitted to a similar treat- 
ment. Eventually a middle fraction was isolated of a gelatinous 
nature, and this was allowed to dry, and digested with a little 
boiling acetic acid, which caused it to become granular, whereas the 
supernatant liquid acquired a rich dichromate colour. It was 
collected, again digested with the boiling acid, and, after extraction 
with methyl alcohol, repeatedly crystallised from dilute acetic acid. 


For analysis it was dried at 160°: 

Found, C=52°50; H=4°31. 

Cy;H 013 requires C=52°50; H=4'17 per cent, 

It consisted of pale orange-yellow needles, melting at about 
200—202°, very sparingly soluble in absolute alcohol or acetic acid. 
With aqueous lead acetate, it gives a deep red precipitate almost 
identical in appearance with that produced by quercimeritrin, and 
with ferric chloride an olive-green coloration. Alkalis dissolve it 
with a deep yellow tint, which becomes greener when the solution 
is diluted with water. As there could be no doubt that this 
substance was a glucoside, it was digested with boiling dilute 
sulphuric acid (1 c.c. in 25 c.c. of water) for two hours. During the 
reaction, crystals slowly separated, and after keeping overnight 
these were collected and weighed : 

Found, C,;H,)0,= 63°60. 

Cy;H 033 requires C,;,H,,O,=66°25 per cent. 

This product formed glistening, yellow needles, which dissolved 
with a green colour in very dilute alkali, and appeared to be 
gossypetin. To settle this point, an acetyl derivative was prepared ; 
this consisted of colourless needles, melting at 226—228°, and was 
without doubt identical with acetylgossypetin. 

The sugar produced by the hydrolysis of this glucoside was 
isolated in the usual manner, and an osazone prepared from it. 
This was obtained in yellow needles, which, after crystallisation 
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from alcoholic pyridine and water, melted at 203—205°, and was 
most probably phenylglucosazone. 

The hydrolysis of gossypitrin, the name which is proposed for 
this glucoside, can therefore be represented as follows: 

CoH 99013 + HyO = Cy5H yO + CoH 20g. 

As but slightly less than one gram of this compound has as yet 
been isolated, it was not possible to investigate its acetyl derivative 
or its dyeing properties. Similarly, however, to quercimeritrin, it 
appears to be a somewhat stable glucoside, and it is likely that 
further experiment will show that the sugar nucleus occupies an 
analogous position in both these compounds. That gossypitrin, 
like quercimeritrin, also exists in these flowers as a potassium salt 
follows from its method of preparation. 

The aqueous filtrates and other residues obtained during the 
isolation of this latter glucoside yielded, on further treatment, a 
gelatinous mixture, from which but a trace of sparingly soluble 
substance could be isolated by means of acetic acid. As a further 
separation appeared to be very difficult, especially as the quantity 
of the material available was small, it was dissolved in water and 
hydrolysed by the addition of sulphuric acid (1 c.c. in 25 c.c. of 
water), and digestion at the boiling point for two hours. A dull 
yellow-coloured precipitate gradually separated, which was collected, 
and converted into hydrochloride by means of hydrochloric acid 
in the presence of boiling acetic acid, and the semi-solid mass of 
red needles, which thus separated, was collected, washed with acetic 
acid, and decomposed with water. The product thus purified proved 
to be a mixture, the constituents of which were best separated in 
the form of their acetyl compounds. By repeated crystallisation, 
first from alcoholic acetic acid and subsequently from acetic 
anhydride, a small quantity of a very sparingly soluble acetyl 
derivative was isolated, which melted at 229—230°, and had the 
properties of acetylgossypetin. This was hydrolysed by means of 
hydrochloric acid, and gave the following result: 

Found, C,;H,jgOg= 55°50. 

C,;H,O,(C,H;0), requires C,;H,,O,;=55°78 per cent. 

The free colouring matter, as was anticipated, was found to be 
gossypetin : 

Found, C=56'71; H=3°41. 

C,;H,;Og requires C=56°60; H=3:14 per cent. 

The more soluble constituent of the acetylated mixture, which 
proved to be the main bulk of this product, was obtained in colour- 
less needles, melting at 191—194°, and consisted of acetylquercetin. 

That the original condition of the gossypetin thus prepared from 
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the plant was the glucoside gossypitrin above described seems 
probable, but, on the other hand, it cannot be considered that 
the quercetin isolated in such comparatively large amount had been 
produced by the hydrolysis of quercimeritrin. That so sparingly 
soluble a substance should have resisted isolation by the methods 
given above is not probable, and this point will be further 
investigated. 

A study was now made of the aqueous filtrate from the second 
lead precipitate, and this, on treatment at the boiling point with 
basic lead acetate, gave a small quantity of a bright yellow 
precipitate. This was collected, suspended in water, and decom- 
posed with hydrogen sulphide, and the mixture filtered hot. The 
pale yellowish-brown filtrate slowly deposited gelatinous nodules, 
and after several days these were collected and allowed to drain. 
This product, in the moist condition, was dissolved in a little boiling 
acetic acid, and the crystals, which separated on cooling, were .re- 
crystallised from dilute acetic acid, from water, and finally from 
pyridine and water: 

Found, C=54'09; H=4°64. 

C.jH)0,. requires C=54'31; H=4°31 per cent. 

It consisted of pale yellow needles, melting at 217—219°, which 
were much less highly coloured than those of quercimeritrin, and 
in this respect somewhat resembled rutin. It is almost insoluble 
in cold and but sparingly in boiling water, soluble in alkaline 
sclutions with a deep yellow tint, but its most interesting property 
is the fact that with aqueous lead acetate it gives a bright yellow 
precipitate entirely distinct from the deep red deposit which is 
produced in this manner from quercimeritrin. Again, this yellow 
lead compound is fairly readily dissolved in the moist condition 
by hot dilute acetic acid, whereas the quercimeritrin lake is much 
more stable under this treatment. With dilute alcoholic ferric 
chloride, it gives a deep olive-green coloration. 

An important distinction between the two glucosides is observed 
also by an examination of their behaviour during hydrolysis, for 
when isoquercitrin, the name proposed for this new compound, is 
submitted to the action of boiling dilute sulphuric acid (1 c.c. in 
25 c.c. of water), a crystalline product rapidly separates, and the 
reaction is quickly completed. On the other hand, the comparative 
stability of quercimeritrin in these circumstances has been previously 
discussed. 

The following result was given by the hydrolysis of isoquercitrin : 

Found, C,;H 0; = 64°56. 

Cy,;H90;. requires C,;H;,0,;=65°08 per cent. 
The product consisted of yellow needles, soluble in dilute alkalis 
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with a yellow coloration, and on acetylation gave an acetyl com- 
pound, which formed colourless needles, and melted at 191—194°. 
Further experiment indicated that this colouring matter was 
quercetin. 

The sugar produced during the hydrolysis of this glucoside was 
isolated in the usual manner, and converted into osazone. This, 
when purified by crystallisation from alcoholic pyridine and water, 
consisted of yellow needles, melting at 203—205°, which, when 
admixed with pure phenylglucosazone, did not affect the fusion 
point of the latter, and thus appeared to be identical with it. 

The hydrolysis of isoquercitrin proceeds therefore as follows: 

Coy H990 49 + HyO = C,5H 0, + CgHj.0g. 

Dyeing experiments with this glucoside, employing mordanted 
wool, gave interesting results, because the shades produced were 
entirely distinct from those given by quercimeritrin, but, on the 
other hand, somewhat closely resembled those yielded by quercitrin, 
although slightly paler (Trans., 1902, 81, 480): 


Chromiur. Aluminium. Tin. Iron. 
Brownish-yellow Golden-yellow Lemon-yellow _Brownish-olive 


It is quite evident, therefore, that although quercimeritrin and 
asoquercitrin are isomeric, and when hydrolysed give identical 
products, they are distinct substances. For reasons previously 


discussed, and alluded to elsewhere (Trans., 1902, 81, 210), it is 
clear that the sugar group in the latter glucoside is not attached 
to the phloroglucinol nucleus, but is probably constituted like 
quercitrin, which on hydrolysis yields, however, rhamnose. Three 
formule are possible for tsoquercitrin, which may be briefly 
expressed by the statement that the position of the sugar residue 
in respect to the quercetin group is at one or other of the points 
in the following formula which are marked with an asterisk: 
oH/ So—cé— NOH* 
| Sh in 
Ww 
VH 


Further experiments with regard to isoquercitrin have not been 
at present possible, for the total amount as yet obtained has been 
merely one gram, but it has been ascertained that its acetyl 
derivative is much more soluble in alcohol than the quercimeritrin 
compound. In the hope of isolating a larger amount of this 
substance, an extract of the flowers, to which a small quantity 
of acetic acid had been added, was treated with lead acetate, and 
the precipitate removed, but the quantity of ¢soquercitrin present 
in the filtrate did not appear to be thereby increased. 

7E2 
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The mother liquors obtained during the purification of this 
glucoside yielded nothing but quercetin (Found, C=59°45; 
H=3'49), and this result was further corroborated by the pre- 
paration of its acetyl derivative (Found, C=5821; H=4°22), 
which melted at 191—194°. 


General Properties of the Flowers. 


The results of this investigation have shown that Egyptian cotton 
flowers contain three hitherto unknown glucosides, quercimeritrin, 
isoquercitrin, and gossypitrin, of which the first-named has been 
isolated in by far the largest amount. 

To ascertain approximately the total amount of yellow colouring 
matter which could be produced from this sample of flowers, 100 
grams of the material were exhausted with boiling water, and the 
glucosides present in this solution hydrolysed by means of acid. 
The mixture was then repeatedly extracted with ether, the ethereal 
solution evaporated, and the residue collected and washed with 
water. There was thus obtained 1°86 grams, or 1°86 per cent. of 
the crude colouring matter, consisting of a mixture of quercetin 
and gossypetin, and this, when acetylated and the product frac- 
tionally crystallised from a mixture of alcohol and acetic acid, gave 
0°3 gram of pure acetylgossypetin (Found, C=56°68; H=4'30), 
which corresponds with 0°165 gram of gossypetin itself. Such a 
process of separation is, however, far from exact, but it seemed 
evident that not more than 10 per cent. of the total colouring 
matter consisted of gossypetin. Dyeing experiments carried out 
with the flowers themselves in the usual way gave shades which, 
although duller, were somewhat similar in character to those 
yielded by quercimeritrin, a result indicating that no great quantity 
of zsoquercitrin could be present: 

Chromium. Aluminium. Tin. Iron. 
Reddish-brown Green-yellow Orange-brown Olive-brown 

In comparison with the colours similarly produced from other 
natural dyes, these shades most nearly resemble those of the so-called 
“Patent Bark,” a preparation of quercitron bark, in which quercetin 
and no quercitrin is present. Further experiment indicated that 
in colouring power two parts of the bark were about equal in 
strength to five parts of the flowers, and this result was to be 
anticipated, for it was ascertained some time ago that the former 
dyestuff contains on the average 5 per cent. of quercetin. 

The fact that quercetin is the predominating colouring matter of 
the Egyptian cotton flowers suggests that in this respect it may 
ditier from the Indian variety, which was first examined, for in 
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the latter case (loc. cit.) the presence of gossypetin only was 
detected. It has, however, been shown in this present work that 
the main constituent of the Egyptian material, quercimeritrin, is 
not readily susceptible to hydrolysis by acid, and it is possible that 
under the former experimental conditions the main bulk of this 
glucoside, if present, escaped decomposition. Through the kindness 
of Mr. I. H. Burkill, Reporter on Economic Products to the 
Government of India, a considerable quantity of the Indian 
material will be shortly available for investigation, and an oppor- 
tunity will arise, not only for a study of the constitution of gossy- 
petin, but for a direct comparison of the two varieties of flower, a 
matter which appears to be of considerable interest. 
CLOTHWORKERS’ RESEARCH LABORATORY, 


THe UNIVERSITY, 
LEEDs. 


CCXXXV.—Synthesis of Hordenine, the Alkaloid from 
Barley. 


By Georce Barcer. 


A FEw years ago Léger (Compt. rend., 1906, 142, 108) isolated 
from barley germs a crystalline alkaloid, which he named hordenine, 
and subsequently (Compt. rend., 1906, 143, 234, 916) gave the 
following constitution : 

oH SoH, CH,'N(CH,)y 

This constitutional formula was confirmed by Gaebel (Arch. 
Pharm., 1906, 244, 435), and the physiological action of hordenine 
was studied by Camus (Arch. int. de Pharmacodyn. et de Thér., 
1906, 16, 43). 

It is evident that hordenine (p-hydroxyphenylethyldimethyl- 
amine: a-dimethylamino-8-p-hydroxyphenylethane) is closely related 
to p-hydroxyphenylethylamine, a physiologically active base of 
somewhat wide distribution, and the author’s recent synthesis of 
the latter base (this vol., p. 1123) suggested an attempt to prepare 
hordenine from it by methylation. 

This attempt was not wholly successful, for although the 
methiodide of hordenine was readily obtained by treating p-hydroxy- 
phenylethylamine with methyl iodide, it was found impossible to 
isolate the alkaloid itself; the reaction did not stop at the tertiary 
base, but resulted in the formation of the quaternary iodide, no 
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matter what proportion of methyl iodide was employed. For the 
same reason it was found impossible to prepare a-dimethylamino- 
B-phenylethane, C,H,-CH,-CH,*NMe,, by direct methylation of the 
corresponding primary amine, for the only products formed were 
the primary and quaternary iodides. The same difficulty was 
recently encountered by Johnson and Guest (Amer. Chem. J., 1909, 
42, 340).* 

A suitable material for the synthesis of hordenine was, however, 
found in phenylethyl alcohol (benzylearbinol), a commercial 
product, from which a-chloro-8-phenylethane could be prepared. 
The latter substance yielded, with dimethylamine, the desired 
a-dimethylamino-8-phenylethane. After nitration of this tertiary 
base, the p-nitro-compound was isolated as the oxalate. It was also 
found possible to obtain pure a-chloro-8-p-nitrophenylethane by 
distillation and crystallisation, and then to combine it with di- 
methylamine. On reduction the separation of the amino-compound 
from the unchanged nitro-compound proved difficult, since both 
substances are bases; the crude reaction-product was therefore 
diazotised, and finally yielded a small quantity of a base, identical 
with hordenine, prepared from malt germs. 


EXPERIMENTAL, 
a-Chloro-B-phenylethane, C,H;*CH,*CH,Cl. 


Fischer and Schmitz have shown (Ber., 1906, 39, 2208) that, 
contrary to the statement of Fittig and Kiesow (Annalen, 1870, 
156, 245), the principal product of the chlorination of ethyl- 
benzene is the a- and not the B-compound. They therefore used 
instead a-bromo-8-phenylethane, C,H,-CH,°CH,Br, which may be 
prepared according to Grignard’s method (Compt. rend., 1904, 188, 
1049). This method is, however, not very simple, and the required 
compound may be obtained more readily from phenylethyl alcohol 
(benzylearbinol) (a commercial product, which is prepared syn- 
thetically, because it occurs in rose-oil). 

By heating this alcohol with hydrogen chloride, only a small 
yield of the desired compound was obtainable; thionyl chloride and 
phosphorus pentachloride furnished a larger proportion, but the 


* The phenylethylmetbylamine prepared by these authors has been obtained in 
the course of the present work by reduction of the condensation product of phenyl- 
acetaldehyde with methylamine, C;H,°CH,"CH:NMe. It is, of course, also readily 
obtainable from a-chloro-8-phenylethane and methylamine in the manner described 
below for the preparation of the dimethyl derivative ; its p-nitro-derivative was 
prepared from a-chloro-8-p-nitrophenylethane and methylamine. A number of 
closely related bases contiining one or two phenolic hydroxyl groups will soon be 
described. 
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product was contaminated with sulphur and phosphorus com- 
pounds. The best yield was obtained with phosphorus penta- 
chloride as follows. 

Dry chloroform (100 c.c.) was poured on phosphorus penta- 
chloride (41°7 grams), and phenylethyl alcohol (24°4 grams=one 
molecular proportion) was added drop by drop. Much hydrogen 
chloride was evolved, and the phosphorus pentachloride gradually 
passed into solution; the reaction was completed by warming on 
the water-bath for two hours. After removal of the chloroform 
and phosphoryl chloride, the residue distilled under atmospheric 
pressure at 190—200° with slight decomposition. On redistillation 
under 20 mm. pressure, the bulk of the product boiled at 91—92°, 
and was approximately pure (yield=70 per cent.): 

0°2611 gave 0°2732 AgCl. Cl=25°8. 

C,H,Cl requires Cl=25°2 per cent. 


a-Dimethylamino-B-phenylethane, C;H;"CH,*CH,*N(CHs)o. 


Three grams of the above chloride were heated in a sealed tube 
with 4 c.c. (a considerable excess) of a 33 per cent. alcoholic solution 
of dimethylamine to 100° for several hours, and yielded 2°5 grams 
of the base, boiling at 198—202°. As so little was available, this 
substance was not further characterised, but the whole was nitrated. 


a-Dimethylamino-B-p-nitrophenylethane, 
NO,°C,H,°CH,*CH,°N (CHs)>. 


2°5 Grams of the compound just described were added drop by 
drop to 10 c.c. of nitric acid (D 1°5), cooled to —10°. On diluting 
with ice, rendering alkaline, and extracting with ether, a syrupy 
mixture of nitro-derivatives was obtained. By adding an ethereal 
solution of anhydrous oxalic acid to the syrup, dissolved in ether, 
an oxalate was precipitated, which, after repeated crystallisation 
from 95 per cent. alcohol, formed elongated leaflets, melting at 
153—154°. This salt is very sparingly soluble in hot absolute 
alcohol, but dissolves readily in dilute alcohol. The yield was 
60 per cent. : 

0°2130 gave 0°3989 CO, and 0°1094 H,O. C=51:0; H=5°7. 

C,)H,,0.N,,C,H,O, requires C=50°7; H=5°6 per cent. 

That the nitro-group is in the para-position follows from the 
conversion of the substance into hordenine. The same salt was 
obtained from a-chloro-8-p-nitrophenylethane and dimethylamine, as 
follows. 
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a-Chloro-B-p-nitrophenylethane, NO,*C,H,-CH,°CH,Cl. 


a-Chloro-8-phenylethane (13 grams) was dropped into nitric acid 
(50 c.c.; D 1°5), cooled by a freezing mixture. After pouring on 
snow, extracting with ether, and washing the ethereal solution with 
sodium carbonate, the residue was distilled under 18 mm. pressure. 
Two fractions, b. p. 165—175° and 175—179°, were collected ; the 
second of these crystallised almost completely on cooling below 0°, 
and was then drained on a porous tile in the cold room. After 
recrystallisation from light petroleum, 3°9 grams of glassy crystals 
were obtained, melting sharply at 49°: 

0°1354 gave 9°2 c.c. N, (moist) at 17° and 758mm. N=7°9. 

071593 ,, 01195 AgCl. Cl=18°8. 

C,H,O,NCI requires N=7°6; Cl=19°1 per cent. 

That the crystalline nitro-compound is the p-compound is a priori 
probable; that this is indeed the case follows from its conversion 
into a-dimethylamino-8-p-nitrophenylethane, which at once yielded 
an oxalate, melting at 153—-154°, and identical with that described 
above. : 


Conversion of a-Dimethylamino-B-p-nitrophenylethane into 
Hordenine. 


277 Grams of a-dimethylamino-8-p-nitrophenylethane oxalate 
were dissolved in 10 c.c. of alcohol; 2 grams of tinfoil 
and 10 c.c. of concentrated hydrochloric acid were added; 
after rendering alkaline with excess of sodium hydroxide, and 
extraction with ether, 0°55 gram of the crude amino-compound 
was obtained as a syrup. This was dissolved in 5 per cent. 
sulphuric acid, and to the boiling solution the calculated quantity 
of sodium nitrite was gradually added. Much resin was formed ; 
on cooling, the filtered solution was rendered alkaline with sodium 
hydroxide, washed with ether, sodium carbonate added, and the 
solution extracted with ether. The ethereal extract left, on 
evaporation, a small quantity of crystals (m. p. 111°) and a little 
resin. On again dissolving the crystals in ether, the phenolic amine 
was extracted with sodium hydroxide, and afterwards shaken with 
ether ; on evaporation of the ether, yellow crystals separated, which 
were drained on a porous tile and recrystallised from a mixture of 
benzene and light petroleum. In this way a small quantity of a 
white, crystalline substance was obtained, melting at 117—117°5°. 
A specimen of pure natural hordenine melted at 117°5°, and a 
mixture of equal quantities of the synthetic and the natural 
substance at 117—117°5°. | 
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The synthetic specimen gave Millon’s reaction very intensely ; 
it reddened phenolphthalein, was not coloured by concentrated 
sulphuric acid, and reduced acid potassium permanganate in the 
cold and ammoniacal silver nitrate on warming; in all these respects 
its properties were identical with those of the natural base, as 
described by Léger. The amount of the synthetic substance 
obtained was insufficient for analysis. 

The natural hordenine, used for comparison, was purified by 
distillation, the boiling point being 173—174°/11 mm. As in the 
case of p-hydroxyphenylethylamine, distillation is by far the most 
convenient method of purification. 


Preparation of Hordenine Methiodide from p-Hydroxyphenylethyl- 
anne. 


Two grams of p-hydroxyphenylethylamine were dissolved in a 
little methyl alcohol, and boiled for a few minutes with a large 
excess (20 c.c.) of methyl iodide. After two days, glassy prisms 
separated, which were up to 4 cm. in length; the weight was 0°45 
gram, much being left in the mother liquor. On recrystallisation 
from water, the quaternary iodide gave stout crystals, melting at 
230—231°, and closely resembling natural hordenine methiodide, 
a specimen of which melted at 229—230°; on mixing the two, the 
melting point was 229—230°: 

0°1444 gave 0°1110 AgI. I=41°5. 

C,,H,,ONI requires I=41°3 per cent. 

Benzoylhordenine methiodide, 

C,H,*CO-0-C,H,°CH,"CH,"N(CHs)sI, 
was prepared from both specimens of hordenine methiodide; in 
each case hexagonal leaflets were obtained, sparingly soluble in 
hot water, and melting at 252—254°; this was also the melting 
point of the mixture of the synthetic and natural substance. 

Although hordenine methiodide can thus be readily prepared 
from p-hydroxyphenylethylamine, numerous attempts to synthesise 
the alkaloid itself by this method were unsuccessful, and the other 
method, described above, had to be employed. 


WELLCOME PHYSIOLOGICAL RESEARCH LABORATORIES, 
HERNE Hitt, Lonpox, 8. E. 
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CCXXXVI.— Volumetric Estimation of Sulphates. 


By Axtec Duncan MitcuHett and CLarENcE SMITH. 


A RAPID and accurate method for the volumetric estimation of 
sulphates is a much-needed process. All of these methods depend 
on the use of standard barium chloride solutions, but the exact 
determination of the end-point is a matter of difficulty. The 
method we are about to describe avoids this difficulty, and depends 
on the well-known ferricyanide end-point. After some preliminary 
work, our attention was called to a paper (Zeitsch. anal. Chem., 
1879, 18, 521) in which Precht advocates an essentially similar 
method ; but as we encountered difficulties which he appears not to 
have noticed, and as he gave no details of his process, we continued 
our investigation. 

A convenient quantity of a sulphate is taken and dissolved in 
water or pure hydrochloric acid, or, if necessary, dilute nitric acid, 
and a slight excess of standard (2/5) solution of barium chloride 
is added. The mixture is boiled and rendered neutral by ammonium 
hydroxide; sodium acetate, acetic acid, and a slight excess of 
NV /10-ammonium dichromate are added. The mixture is made up 
to 100 c.c., and the precipitate allowed to settle; 25 c.c. of the 
clear supernatant liquid are titrated with WV /20-ferrous ammonium 
sulphate, using potassium ferricyanide as an external indicator, and 
taking the first appearance of a green tinge as the end-point. 

Preliminary experiments were made in which it was found that 
if ammonium dichromate is added to a solution of barium chloride, 
a certain amount of barium chromate remains in solution, owing 
to the formation of free mineral acid, but this does not happen 
if there is excess of sodium acetate, that is, if the solution is neutral 
or acidified by acetic acid. 

Precht makes no mention of the fact that barium chromate 
dissolves in dilute solutions of strong acids, and does not state that 
he used neutral or alkaline solutions. Also he used a standard 
solution of potassium chromate, which is much more difficult to 
keep than one of the dichromate, being attacked by carbon dioxide. 
We found it advisable to use ammonium dichromate, as, apparently, 
barium chromate, on being precipitated by potassium dichromate, 
carries down with it traces of the potassium salt; the ammonium 
salt is much more soluble, and therefore preferable. 

In the course of this work we used sulphuric acid (which was 
neutralised by ammonium hydroxide and hence was equivalent to 
ammonium sulphate), sodium sulphate, potassium sulphate, zinc 
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sulphate, magnesium sulphate, and copper ammonium sulphate. 
With potassium sulphate there is evidence of considerable adsorp- 
tion (to the extent of nearly 2 per cent.), but this is minimised by 
boiling the precipitate for several hours with a little dilute hydro- 
chloric - acid (compare Sacher, Chem. Zeit., 1909, 38, 941), 
neutralising with ammonium hydroxide, and proceeding as before. 
Precht does not mention this difficulty, which is always met with 
in the: gravimetric method also. In the case of sodium sulphate 
the adsorption is negligible, but is noticed slightly in the less soluble 
double sulphates, such as zinc ammonium sulphate and mag- 
nesium ammonium sulphate. The possibility of the formation of 
a double sulphate of barium and potassium has not been overlooked, 
and is rendered more probable from analogy to lead (Fox, this vol., 
p. 878). 

This method is of wide application, since most chromates are 
soluble in acetic acid, and hence present no difficulty. Some, how- 
ever, give a coloration with the potassium ferricyanide which 
obscures the end-point; copper is a case in point, but with a little 
practice it is possible to find a well-defined end-point at which a 
green tinge affects the predominating brown colour. Excluding 
weighings, five determinations can be made in an hour. 

In the appended results, larger quantities are used than is usual, 
but the method applies for smaller quantities, as shown by the 
results obtained over a fair range,.of which magnesium sulphate 
is given as an example; but in all cases the strength of the titrating 
liquids can be adjusted for convenience. The results recorded below 
are not selected; in each series the five experiments represent five 
consecutive determinations. It should be noted that ammonium 
dichromate, which is V/10 as regards oxidising power, is only V/30 
as regards precipitating power. 

A few determinations on potassium sulphate were made to find 
whether the adsorption was decreased by the use of standard 
baryta solution in place of barium chloride; this gave no better 
results. : 

Results. 

I.—Estimation of Ammonium Sulphate (or Sulphuric Acid), 

in 2N/5-solution (26°43 grams per litre). 


2N/5-(NH,).80, 2N/5-(NH,).804 
» 6.C. C.e. G6, C.€. c.c. 
20°10 20°54 4°05 0°88 20°16 
19°99 20°26 3°50 0°95 19°99 
20°15 20°68 4°77 0°81 20°15 
*20°14 . 20°31 3°17 0°54 19°96 
. 21°39 21°75 4°05 0°95 21°39 


** This determination is obviously affected by some accidental error. 
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II.—Estimation of Sodium Sulphate, in 2N /5-solution (28°43 grams 
per litre). 

2N/5-Na,SO, 2N/5-Na,SO, 
taken, 2N/5-BaCl,, N/10-(NH,),Cr,0,, N/20-Fe(NH,),(SO,)., found, 
c.c. c.c. c.c. c.c. c.c. 
20°04 oy 3°88 ‘ 19°89 
20°05 20° 2°12 , 19°91 
20°19 20°5S 3°98 5 20°22 
20°12 6°10 : 20°05 
20°10 : 3°89 ‘ 20°22 


III.—Hstimation of Zine Sulphate, in 2N /5-solution (57°51 grams 
of ZnSO,,7H,0 per litre). 

2N/5-ZnSO, 2N/5-Zn80, 
taken, 2N/5-BaCl,, N/10-(NH,)Cr,0,, ¥/20-Fe(NH,),(SO,), found, 
c.c. c.c. c.c, c.c. c.c. 
20°01 20°20 2°56 0°80 20°04 
20°09 20°51 4°57 1°02 20°09 
20°01 20°47 4°96 1°14 20°02 
20°02 20°24 3°00 0°71 19°98 
20°11 20°52 3°88 0°63 20°08 


IV.—Lstimation of Magnesium Sulphate, in 2N/5-solution (49°30 
grams of MgSO,,7H,O per litre). 

2N/5-MgSO, 2N7/5-MgSO, 
taken, 2N/5-BaCl,, NW/10-(NH,).Cr.07, W/20-Fe(NH,).(SO,)., found, 
C.e. ¢.c. c.c. c.c. €.c. 
20°11 20°25 3° 0°96 20°07 
20°05 20°50 f 1°81 19°98 
*19°95 20°69 ; 0°58 20°15 
20°01 20°40 , 1°26 20°00 
20°05 20°31 ’ 1°97 19°98 

* Bad determination. 


The following determinations show that the method is equally 
applicable to smaller quantities. 


taken, 2N/5-BaCl,, N/10-(NH,),Cr,0,, N/20-Fe(NH,)o(SO4),, found, 
c.c. c.c. c.c. c.c. c.c. 
5°03 5°67 5°91 115 5°07 
9°70 10°12 3°88 0 81 9°74 
15°11 15°35 2°31 0°53 15°14 
19°88 20°08 2°00 0°24 19°83 
25°00 25°61 4°56 0°37 24°97 


V.—Estimation of Copper Ammonium Sulphate, in 2N /5-solution 
(40°00 grams of CuSO,,(NH,).S0,,6H,O per litre). 


2N/5- 2N/5- 
CuSO,,(NH,),SO, CuSO,,(NH,).SO, 

taken, 2N/5-BaCl,, N/10-(NH,).Cr,0,, N/20-Fe(NH,).(SO,)., found, 

c.c. c.c, c.Cc. ec. c.Cc. 

20°05 20°44 422 1:07 20°09 
20°09 20°65 5°15 0°94 20°10 
20°00 20°47 6-09 1°75 20°03 
20°13 20°51 4°19 0°85 20°10 
20°09 20°52 6:71 2°39 20°19 
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VI.—Fstimation of Potassium Sulphate, in 2N/5-solution (34°85 
grams per litre). 


(Boiling for several hours with dilute hydrochloric acid is necessary.) 


2N/5-K,S0, 2N/5-K,80, 
taken, 2N/5-BaCl., NV/10-(N H,4),Cr,0,, N/20-Fe(NH,).(SO4)o, found, 
c.c. c.c. c.c, c.c, c.c, 


20°12 20°18 5°59 1°50 20°05 
20°08 20°27 3°95 1°55 20°13 
20°03 20°53 5°26 1°06 20°01 
20°32 20°60 5°36 1°61 20°24 
20°17 20°67 6°33 1°33 20 06 


That adsorption does take place without these precautions to the 
same extent as the discrepancy in the results is shown as follows. 
A hot solution of potassium sulphate is precipitated by just sufficient 
hot barium acetate solution, and the precipitate is filtered, dried, 
boiled with alcohol (to remove potassium acetate), filtered, and 
dried. A definite amount of the dry substance is boiled for several 
hours with dilute hydrochloric acid and a little sulphuric acid 
(which serves the double purpose of keeping the barium sulphate 
insoluble, and of producing the more soluble acid potassium sulphate 
from the normal suiphate) ; it is then filtered, washed with a little 
cold water, and dried. It is found that the potassium sulphate 
thus boiled out constitutes 1°37 per cent. of the total precipitate, 
or 1°83 per cent. of the original potassium sulphate. 


East LonpOoN COLLEGE. 
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BENNETT HOOPER BROUGH. 
Born 1860; Diep OcToBEer 3rp, 1908. 


BEnnETT Hooper Brovcu was born at Clapham; his father, John 
Cargill Brough, a Fellow of this Society, was for some time editor 
of The Chemist and Druggist, subsequently he became librarian 
at the London Institute in Finsbury Circus, but after some years 
of ill-health he died in 1872. Brough and a younger brother -and 
sister were left orphans; but their friends, including Michael 
Carteighe and William Chandler Roberts (afterwards Sir William 
Roberts-Austen), both Fellows of this Society, taised a fund for 
the education and maintenance of the children. 

Brough was educated at the City of London School, whence he 
passed, in 1878, to the Royal School -of: Mines; and, having 
graduated as Associate in 1881, he went to the Royal -Prussian 
Mining Academy of Clausthal, in the Harz. district. of .Germany, 
to complete his technical training. In 1882, when he was twenty- 
three, Brough was appointed assistant to Sir Warington Smyth, 
Professor of Mining at the Royal School of Mines, and four years 
later he instituted at the School a course in mine surveying, which 
he continued to direct with conspicuous success until his trans- 
ference to the Iron and Steel Institute in 1893, when he took up 
the secretaryship of that Institute, a post which he retained until 
his death. His connexion with the Iron and Steel Institute had, 
however, started ten years before, and during the whole of that 
period his technical knowledge, literary skill, and linguistic 
capabilities had been exercised as an abstractor of the Journal 
of the Institute, and as an assistant and translator in the conduct- 
ing of its foreign meetings. These talents were also applied to 
the Journal of the Chemical Society, for which Brough acted as 
abstractor from 1883 to 1895. Moreover, he served as a Member of 
the Council from 1895 to 1898. He was also a past Member of 
Council of the Institute of Chemistry and a Fellow of the Geological 
Society, and a Member of the Institution of Mining Engineers, of 
the Chartered Institute of Secretaries, and of the International 
Association for Testing Materials; in fact, of the three latter he 
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was again a Member of Council. He was likewise an active and 
welcome supporter of many foreign mining, metallurgical, and 
kindred technical associations. 

His great powers of discrimination and discernment, added to 
his technical ability and general culture, combined, as they were 
in his case, with remarkable tactfulness, led to his services being 
sought in many directions; he, however, only accepted such work 
that would either assist him at his post or that would not, in any 
way, interfere with his work at the Institute, to which he was 
rigorously loyal and zealous. We find him serving on the Jury 
of several exhibitions, such as the Inventions Exhibition in 1885, 
the Paris Exhibitions of 1889 and 1900, the St. Louis Exhibition 
in 1904, and at the Franco-British Exhibition in London in 1908. 
He had acted as Examiner in Mining to the Board of Education, 
and as External Examiner to the Royal School of Mines, as well 
as to the Camborne School of Mines, whilst as a lecturer he was 
in great requisition throughout the United Kingdom, and occa- 
sionally abroad as well. At the International Congress of Applied 
Chemistry in Rome, he was selected as one of the Presidents. He 
delivered the Cantor Lectures at the Royal Society of Arts on 
several occasions; in 1892, on “Mine Surveying”; in 1900, on 
“The Nature and Yield of Metalliferous Deposits”; in 1903, on 
“The Mining of Non-metallic Minerals”; and in 1906 he delivered 
a course of juvenile lectures, at the Society, on “Perils and 
Adventures Underground.” He was awarded the Society’s Silver 
Medal for his paper on “ Mining at Great Depths.” 

To technical literature, he was a prolific and valued contributor. 
In fact, in this direction his fine store of knowledge, his retentive 
memory, and a facile pen stood him in good stead. Among his 
numerous contributions may be cited “ A Treatise on Mine Survey- 
ing,” which appeared first in 1888, and has now reached the 
thirteenth edition. He contributed the articles on “ Mining” to 
Chambers’s Encyclopedia; the article on ‘“ Fuel” to Thorpe’s 
Dictionary of Applied Chemistry ; and many of his communications 
may be found in the Journal of the Iron and Steel Institute, in the 
Transactions of the Institution of Mining Engineers, as well as in 
other publications. 

Brough had many social qualities, which endeared him to a large 
circle of friends. He was a staunch friend, ever ready to help 
those who sought his advice, and in case of the breakdown of a 
comrade he would, with characteristic readiness, energy, and whole- 
heartedness, either single-handed or in co-operation with others, 
at once put into action a scheme of relief, and would not rest 
until his object had been achieved. He had a subtle, mellow 
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vein of humour, tinged with a kindly cynicism; he was often 
tempted to use these attributes in his writings and lectures, but 
he generally reserved them for private life and after-dinner 
speeches, in which he excelled. He was a capital host, with excep- 
tional gifts as a raconteur, an accomplishment he occasionally 
exercised in many languages, to the astonishment of those who had 
met him for the first time. 

In 1895 he married Barbara, daughter of Edward Lloyd, 
barrister-at-law, whom he has left with two young children, a boy 
and a girl. 

Brough was suddenly seized with acute gastric pains on October 
Ist, 1908, at Middlesbrough, during one of those successful meetings 
of the Iron and Steel Institute which became a feature of his 
tenure of the office of Secretary to that Institute. His illness 
necessitated immediate removal to a nursing home at Newcastle- 
upon-Tyne, where he succumbed to the exhaustion following an 
operation, on October 3rd, 1908. 

Brough’s death has caused a blank which is not easily filled. 
Many. are they who miss his genial and stimulating comradeship, 
and still more who feel the loss of his ever-ready assistance and 
advice, 

D. A. Lovuts. 


RICHARD JOHN FRISWELL. : 


Born Fesruary 241TH, 1849; Diep Fesruary 61TH, 1908. 


RicHARD JOHN FRISWELL, who was born in London, was the eldest 
son of James Hain Friswell, a well-known essayist and novelist, 
perhaps best remembered now as the author of “ The Gentle Life.” 
His mother was an artist and a frequent exhibitor at the Royal 
Academy. 

He was educated at private schools in London and near 
Southampton. As a possible outlet for the disposition he showed 
towards science, more especially chemistry, he was, on leaving 
school, at first placed as an articled pupil with a well-known 
photographer, Mr. Valentine Blanchard; but photography as a 
profession did not appeal to him, and he attended evening classes 
at King’s College in chemistry and other subjects; finally he was 
allowed to follow his inclinations, and he went as a student to the 
Royal College of Chemistry. On completing his studies there, 
under Prof. Frankland and William Valentin, he became assistant 
to Dr. W. J. Russell, then Professor of Chemistry, at St. Mary’s 
Hospital. 
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In 1871 Friswell took part in the Indian eclipse expedition, 
under Mr. (now Sir Joseph) Norman Lockyer. Successful as the 
expedition was, the day of the eclipse was for Friswell one of bitter 
disappointment. He was placed at Manantoddy, in charge of the 
analysing spectroscope. ‘‘ Unfortunately,’ to quote lLockyer’s 
words, “to the regret of all, Mr. Abbay and Mr. Friswell, who 
were among the best prepared for doing good work, and were at a 
station at which everybody said cloudless weather was certain, found 
themselves in a storm of cloud and mist which obscured the sun.” 
Later he was again asked to take part in another eclipse expedi- 
tion, that to the Andaman Islands in 1875, but he was not then 
able to leave London. 

As a result of the co-operation in the 1871 expedition, Friswell, 
in August, 1872, became research assistant to Norman Lockyer, 
with whom he remained for the next two years. Under Lockyer’s 
direction he assisted in numerous spectroscopic researches, in many 
of which his practical knowledge of photography was of much use. 
Amongst these may be instanced the first continuous series of 
observations on the solar chromosphere attempted in England. 

In 1874 he was offered an appointment as research chemist in 
the Atlas Aniline Dye Works (Messrs. Brooke, Simpson and Spiller), 
at Hackney Wick, and for many years he took an active part in 
carrying on these works. In 1886, when the Atlas Works were 
converted into a limited company, he was made a director and 
chemical manager of the works; this post he held until 1899, when 
he became manager of the works of the British Uralite Company, 
at Higham, Kent, where he remained until 1902, when he started 
a practice in London as a consulting chemist and chemical engineer, 

After his first paper on “ A new double salt of Thallium” (this 
journal, 1871, 24, 461, and also 1877, 32, 251), Friswell’s con- 
tributions to science were mainly concerned with the coal-tar colour 
industry; amongst these may be mentioned “On the relation of 
Diazobenzene to Amidoazobenzene” (Trans., 1885, 47, 917, and 
also Proc., 1887, 8, 26) and “The Constitution of Diazobenzene- 
anilide and its relation to Amidoazobenzene”’ (Trans., 1886, 49, 
746), both papers being published in collaboration with Prof. A. G. 
Green; “The Properties of Nitrobenzene” (Trans., 1897, 71, 
1010) ; “ The Preparation of para-Toluidine from mixed Toluidines 
by means of para-Toluidine hydrate” (J. Soc. Chem. Ind., 1908, 
27, 258). 

Friswell served twice on the Council of the Chemical Society. 
He was an original member of the Society of Chemical Industry, 
and was chairman of its London Section from 1906 to the time of 
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He was actively concerned in the inception of the Institute of 
Chemistry, and was elected a member of its first Council. Alto- 
gether he served fifteen years as member of Council of the Institute. 
He was also a Vice-President, 1896-1899, and Censor 1898-1899. 
He took an active part in the transfer of the Institute to its 
present quarters, and gave great assistance in the designing and 
organisation of its laboratories. For many years he acted as 
Chairman of the House Committee. 

Friswell was Honorary Secretary of the Photographic Society 
1874-1876, and Master of the Horners’ Company 1894-1895. 

Taken ill on the New Year’s Eve with pleuro-pneumonia and 
enteric fever, he died after five weeks’ suffering on February 6th, 
1908. 

Friswell married, in 1877, Millicent, daughter of W. H. Colling- 
ridge, and leaves a family of two sons and three daughters. 

He was a man of wide tastes, both literary and artistic; his 
genial, enthusiastic, and kindly nature endeared him to all with 
whom he came into intimate contact, and on these he exercised a 
very wholesome influence. 


A. J. G. 


WILLIAM ASHWELL SHENSTONE.* 


Born DecemMBeER Ist, 1850; Diep Fresruary 3rp, 1908. 


Tue life of a schoolmaster is usually laborious, and when he devotes 
the greater part of his holidays to study and experimental research, 
little time is left for incident outside the daily routine. Shenstone’s 
career was uneventful, but it brought him into frequent contact 
with the scientific world, in which he made many lasting friend- 
ships. 

Born at Colchester on December Ist, 1850, he came of a family 
collateral with that of the poet, as it appears that his grandfather, 
Joseph Shenstone, born at Halesowen between 1790 and 1800, was a 
son of a cousin of that writer. W. A. Shenstone’s father, James 
Burt Byron Shenstone, was established as a pharmacist at 
Colchester, and after the usual course of education at the Colchester 
Grammar School the son was received into the business. At the 
age of twenty he obtained, as the result of competitive examination, 
one of the Bell Scholarships, given annually by the Pharmaceutical 
Society. After a course of study in the School of that Society 


* This notice is reprinted, by permission, from the Proceedings of the Royal 
Society. 
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he won the Pereira Medal and other prizes. During the time he 
was occupied in his father’s business a portion of the premises was 
burnt down, and Shenstone was exposed to cold and damp, with 
the result that a serious illness followed, from the effects of which 
he never completely recovered. The injury which resulted was, 
in fact, the primary cause of his last illness nearly forty years 
later. 

After two years spent in the laboratory of the Pharmaceutical 
Society, Shenstone accepted an engagement with Dr. W. A. Tilden, 
at that time chief science master at Clifton College. Here he 
displayed those qualities of patience, diligence, accuracy, and 
enthusiastic devotion to experimental work which distinguished 
him throughout life. In 1874 work was begun on the terpenes, at 
that time an unexplored department of organic chemistry, and 
Shenstone joined in the investigation with his usual ardour. The 
result was a paper, under the joint names of Tilden and Shenstone, 
published in the “ Transactions of the Chemical Society,” in which 
it was shown that the numerous hydrocarbons of this family then 
known were reducible to three classes according to the character 
of their nitroso-derivatives. 

From Clifton, in 1875, Shenstone passed to the Science Master- 
ship at Taunton School, then under the Head Mastership of the 
Rev. William Tuckwell. After about two years he moved to a 
similar position at Exeter School. Here he built and fitted up a 
school laboratory (described in Nature, July 26th, 1878) which 
attracted some attention, as it served to show that the practical 
teaching of physics and chemistry was within the reach of all 
properly conducted schools, and need not be avoided on the ground 
of expense, as had been up to that time so frequently alleged. 

Shenstone was always an attractive lecturer, and interested 
himself much in educational problems, especially in connexion 
with the improvement of methods for teaching physical science. 
When, in 1880, he succeeded Dr. Tilden as Science Master at 
Clifton, he found a field in which he could bring into operation 
some of his ideas. Here he was one of the first science masters 
to associate practical work with all theoretical teaching, and here 
he made use of a modified “ heuristic” system, in which an attempt 
is made to stimulate the disposition to inquiry which is inherent 
in most young minds. The extent to which this system in the 
hands of a competent teacher can achieve success is to some extent 
indicated by the very wide circulation of Shenstone’s two books 
(Practical Introduction to Chemistry), and there can be no doubt 
that this pioneering work has materially influenced the teaching 


of natural science throughout the kingdom. 
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The greater part of his leisure was devoted to original research. 
During the earlier part of his time at Clifton he managed to carry 
out a difficult piece of work on ozone, and on the properties of 
certain highly purified substances, from which he drew important 
conclusions. The results of these experiments led him to the 
conclusion that chlorine, bromine, and iodine, when in the highest 
known condition of purity, and dried by contact under special 
conditions with phosphoric oxide for six months or more, do at 
once combine with mercury when brought into contact with that 
metal similarly purified and dried. The remarkable indifference 
displayed by some substances, when completely deprived of moisture, 
to the ordinary conditions of chemical change, had led some 
chemists to believe that it is impossible for any two substances to 
interact chemically except in the presence of a third substance, 
usually water, although only in minute quantity. The question 
must be regarded as still open, but it will be difficult for any future 
experimenter to improve on Shenstone’s method or his manipulative 
skill. 

Shenstone also joined Professor Tilden in a research on the 
“ Solubility of Salts in Water at High Temperatures,” the results 
of which form the subject of a paper in the Philosophical Trans- 
actions for 1884. In most of this work a good deal of, complicated 
glass apparatus was required, and the whole of that which was 
needed in his work on ozone, on the purification of chlorine, etc., 
was constructed with his own hands. Shenstone was an accom- 
plished glass blower, and in 1886 he published a small book, the 
first of its kind, giving instructions suitable for laboratory workers, 
which was translated into German, and is to be found in most 
chemical laboratories. Shenstone also succeeded in the far more 
difficult art of manipulating vitrified quartz, the properties of 
which he demonstrated in a lecture at the Royal Institution in 
1901. Apparatus constructed of this material is of the utmost 
value in certain chemical and physical operations owing to the 
fact that it is unaffected by nearly all chemical agents except 
hydrofluoric acid, and that its coefficient of dilatation by heat is 
practically nil. Hence, unlike glass, it may be suddenly quenched 
in cold water from a red heat without injury. He devoted much 
time during the last two or three years of his life to the practical 
question of producing this material on a manufacturing scale, so 
as to bring it within the reach of scientific workers at a moderate 
cost, and to these efforts the physicists and chemists of to-day owe 
the beautiful clear variety of silica vessels now commonly in use. 

Shenstone was elected into the Royal Society in 1898. In his 
later years he devoted some time to literary work, and produced 
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a Life of Liebig (Cassell and Co.), and the year before he died 
he gathered into one volume, under the title, The New Physics and 
Chemistry, a series of essays contributed to the Cornhill Magazine, 
in which he presented a remarkable and, on the whole, successful 
attempt to explain in popular language the modern views of 
physicists and chemists on subjects such as matter, motion, the 
ether, the nature of atoms and molecules, radioactivity, etc. 

He married, in 1883, Mildred, daughter of the late Rev. Reginald 
Durrant, and he leaves a widow with a son and a daughter. 

Shenstone possessed a fortunate combination of enthusiasm with 
peculiar skill in handling apparatus, and under more favourable 
conditions would certainly have done a much larger amount of 
scientific work. But what he did accomplish was a marvel to 
those who knew him well. In spite of the lameness, the cause of 
which has already been referred to, and which sometimes led to 
general disturbance of health, the brave, bright spirit, which 
endeared him to his friends, helped him over mountains of routine 
work, and kept him ever eager for the more attractive fields of 
science. He died at Mullion, Cornwall, on February 3rd, 1908, and 
is buried in the village churchyard. 

W. A. T. 


EDWARD SONSTADT. 
Born November 25TH, 1829; Diep Juty 5ru, 1908. 


Epwarp Sonstapt, to whom metallurgy is indebted for the first 
successful production of the metal magnesium on a manufacturing 
scale, was born at Halesworth, in Suffolk, on November 25th, 1829. 
His father, Samuel Sonstadt, was a gentleman of private means, 
fond of reading and of studious tastes, but of feeble hea’th and 
of nomadic habits, rarely living long in any one place. Owing to 
the failure of an American bank he lost the greater part of his 
fortune—about £40,000—and, emigrating to South Africa, died 
there in 1845. Young Sonstadt thus found himself at the age of 
sixteen in very straitened circumstances, and with a younger sister 
dependent upon him. To add to his anxieties, he was, at the 
time of his father’s death, in poor health, enfeebled by long illness 
following upon an attack of brain fever. Indeed, all that he prac- 
tically inherited from his father was a frail constitution and 
precarious health. Partly for this reason, and partly on account 
of the wandering life of the family, he received no regular or 
continuous schooling. Indeed, such was his physical condition 
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when a boy that it was never expected that he would reach 
manhood. 

After his father’s death Edward Sonstadt found his way back to 
England. Settling his scanty share of their joint inheritance upon 
his sister, the poor, frail, diffident youth now set himself to face 
the world with such courage as he possessed. And Sonstadt never 
lacked courage or self-reliance. He seems to have obtained employ- 
ment for a time in a printing office, and to have tried his hand 
at book-keeping, and eventually at journalism. When eighteen 
years of age he migrated to Canada, where he procured a situation 
as proof-reader in the printing office of the Government Official 
Journal. Four years later he returned to England, recalled by 
his sister’s illness. He remained in London for some years, picking 
up a precarious livelihood by his pen. At this period he was a 
frequent contributor to Welldon’s Scientific Register. It was this 
connexion with scientific journalism which seems to have first 
induced him to turn his attention to chemistry, and he now devoted 
all his spare time to the study of that science. He then moved 
to Nottingham, where he acquired a small printing and book- 
selling business, and acted as librarian at some library in the town. 
Here he married Mary Lees, and shortly afterwards, when thirty- 
four years of age, removed to Manchester to work a patent he 
had secured for the manufacture of metallic magnesium. This 
metal, the existence of which was signalised by Davy, shortly after 
the discovery of the metals of the alkalis, was first definitely 
obtained by Bussy about 1829 by the action of potassium upon 
anhydrous magnesium chloride. Subsequently Bunsen prepared it 
by the electrolysis of the fused salt. Matthiessen, under Bunsen’s 
direction, greatly improved the electrolytic method by substituting 
a mixture of the chlorides of magnesium and potassium for the 
anhydrous chloride, which is difficult to procure free from admixed 
oxide. He thus obtained considerable quantities of the metal, and 
was able to describe its leading properties. 

At Deville’s instigation Caron sought to place the manufacture 
of magnesium upon a commercial basis, but with no great success. 
Caron’s process, which consisted in heating a mixture of magnesium 
chloride and fluorspar with metallic sodium, was costly to work, 
the yield was small, and the metal far from pure. Sonstadt 
greatly cheapened the process by the employment of carnallite— 
then available owing to the opening up of the Stassfurt deposits, 
and he devised a means of purifying the metal by distilling it. 
The fact that magnesium could be readily distilled was known to 
Deville and Caron, but Sonstadt was the first to employ this 
method of purification on a manufacturing scale. The process 
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was worked out in 1863 by Sonstadt in conjunction with the late 
Samuel Mellor, the founder of the Magnesium Metal Company, at 
Patricroft, near Manchester. It was at this period that the writer 
of this notice firsts made Sonstadt’s acquaintance. He was a 
frequent visitor to the chemical laboratory of the Owens College, 
then in Quay Street, Manchester, the head of which, the present 
Sir Henry Roscoe, took great interest in the development of the 
new metallurgical industry, and, indeed, made it the subject of a 
Friday evening discourse at the Royal Institution. The writer 
well remembers assisting at the preparation of the experi- 
mental part of this lecture, and also making such analytical 
examinations as were required of the materials and products 
of the various stages of the process. The fact that the 
light of burning magnesium was highly actinic, and re- 
acted powerfully upon sensitive silver salts, had been indicated 
by Bunsen and Roscoe, and Sir Henry Roscoe during his lecture 
demonstrated this property by actually taking a photograph 
of Faraday, who presided on the occasion. This, of course, was 
in the wet collodion days, when actinometers were unknown, 
and it was necessary to rehearse the demonstration with some 
care in order to determine the conditions of success. The late 
Prof. Schorlemmer and the writer were the first to submit them- 
selves to the ordeal of being thus photographed, and Sonstadt, who 
was present, and who was greatly excited by the experiments, was 
the second, and his delight at its success was unbounded. He was at 
this time about thirty-five years of age: a frail, spare, thin-featured, 
highly-strung, sensitive man, with long flaxen hair, almost womanly 
in feature, save for the flowing beard and thin, wispy moustache. 
In 1865 Sonstadt, whose health was at all times uncertain and 
precarious, and who, like the poet Cowley, was fond of a small 
house and a large garden, took up his residence at Port Levague, 
near Ramsey, in the Isle of Man. Here he fitted up a laboratory, 
and interested himself in the extraction of iodine from sea-water 
through the medium of kelp. At that time the iodine industry in 
North Britain, more particularly in the vicinity of Glasgow, was of 
considerable and of growing importance. It was, however, a highly 
speculative business, the price of iodine being subject to violent 
fluctuations, owing to market operations. Courtois, the discoverer 
of iodine, was ruined in the attempt to manufacture it, and died 
in poverty. Its commercial production in Great Britain was first 
tried by Dr. Ure, of Dictionary fame, and in 1845-46, tempted 
by the high price—3ls. a pound—which then ruled, there were 
as many as twenty makers in Glasgow. In 1863 the price had 
temporarily fallen to 5s. a pound, and the manufacture was prac- 
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tically a monopoly, only two firms being engaged in it. At that 
time its method of production had been largely revolutionised by 
the late Mr. E. C. C. Stanford, who greatly improved the methods 
of collecting and treating the weed, so as to obviate in large 
measure the fluctuations in quality and yield arising from the 
uncertain climate of Scotland. The amount of kelp brought into 
the Clyde had risen from about 8000 tons in 1860 to 14,000 tons 
in 1863, with an upward tendency in the price of iodine, which 
steadily rose from 5s. per pound in 1863 to 34s. in 1872. Sonstadt 
began the manufacture of iodine about 1866, collecting the weed 
on the rocky shores stretching from Port Levague to Maughold 
Head. Here the conditions were very different from those prevail- 
ing in the Hebrides, where the peasantry had been kelp burners 
since the middle of the eighteenth century, and from the outset 
he met with many difficulties and much discouragement. Many of 
these difficulties he overcame, but no sooner was he in a position 
to place any considerable quantity of iodine on the market than 
the Scotch producers lowered their prices to a point at which 
competition became impossible, and the Manx venture, ill-starred 
from the beginning, collapsed, and Sonstadt well-nigh shared the 
fate of the unfortunate Courtois. With a resolution and self-denial 
characteristic of him, he set himself to retrieve the fallen fortunes 
of the company, and eventually managed to discharge all his 
liabilities and repay those who had participated in his luckless 
undettaking. But even if he had succeeded, his success could only, 
in the nature of things, have been temporary. As the sequel has 
shown, British iodine has been practically superseded by that 
obtained from caliche, which is capable of yielding far more than 
the world requires or is likely to require. The writer at this period 
was a constant visitor to Ramsey, and was personally witness of 
this attempt to establish the iodine industry in the island. To 
Sonstadt is due the credit of first drawing attention to the fact that 
iodine exists in sea-water, not as an iodide as generally supposed, 
but as an iodate and probably as calcium iodate; and he well 
remembers that fact being demonstrated to him in the little 
laboratory of which mention has been made. Sonstadt published 
some notes on the subject in the Chemical News for 1872. In the 
same year he also pointed out the existence of gold in sea-water. 
He published further a short paper on the existence of cesium and 
rubidium in sea-water and in marine products. He was an 
extremely painstaking and accurate worker, thoroughly trustworthy, 
and scrupulously careful both in observation and inference. 

In 1874 Sonstadt returned to London, and in the following year 
became chemist to a firm of chemical brokers, with whom he 
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remained until 1890, when, on the reconstruction of the firm after 
the death of one of the partners, he was retired. During his 
connexion with the firm he greatly improved the methods of testing 
anthracene, and was recognised as an expert on this subject. For 
many years he was an outside abstractor for the Patent Office, and 
had been promised an inside examinership, but failed in securing 
the position owing to the retrospective operation of an age limit. 
He was an abstractor for the Society of Chemical Industry from 
1893 to the time of his death. For the last fifteen years of his 
life he lived very quietly at Cheshunt, latterly in comparatively 
comfortable circumstances owing to the unexpected improvement 
in certain small investments in which he was interested. He died 


in the eightieth year of his age, on July 5th, 1908. 
T. E, THORPE. 


THOMAS STEVENSON. 
Born Apri. 14tu, 1838; Diep Juty 271TH, 1908. 


Sir Toomas STEVENSON, who was the son of Mr. Peter Stevenson, 
a well-known landed proprietor and farmer, was born on April 
14th, 1838, at Rainton, a village in the North Riding of Yorkshire. 
The family was an ancient one in Rainton, the very first entry in the 
Tipcliffe Register—the parish in which Rainton is situated—being 
the marriage of one of the Stevensons. 

Stevenson ‘was educated at Tipcliffe Grammar School, and 
remained there until he was nearly fifteen years of age; this 
school was provided with a laboratory, and he here acquired a 
rudimentary knowledge of chemistry sufficient to enable him to 
make rough analyses of soils and manures for his father. In 
1853, he was sent to London, and cortinued his studies at 
Messrs. Nesbit’s Chemical School in Kennington Lane, in the 
South of London. Professor Odling, A. H. Allen, of Sheffield, and 
Charles Graham were also pupils at this school, Graham being 
Stevenson’s “chum.” In 1855-6 he applied himself to the study 
of scientific agriculture on his father’s farm, but later on, in 1857, 
he finally decided to adopt medicine rather than farming as his 
profession, and became a pupil of Mr. John Steel, of Bradford, 
with whom he studied for a time. In 1859, however, he left 
Bradford to come to the Capital, and here he matriculated at 
London University, and entered as a student at the Medical School 
of Guy’s Hospital, with which in after years he became so 
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intimately associated. He was a most brilliant and most 
successful student, for in 1860 and again in 1862 he was First 
Prizeman of his Hospital, and in the latter year he obtained 
the much-coveted “ Treasurer’s Gold Medal” in Medicine. In 
1861 he took the Scholarship in Chemistry at the First M.B. 
Examination at London University, also the second Gold Medal, 
and was classed the third place in Physiology. In 1862 he became 
a Member of the Royal College of Surgeons and Licentiate of the 
Royal College of Physicians, taking the Membership of the latter 
in 1864 and the Fellowship in 1871. 

The year after he had qualified, that is, in 1863, he commenced 
practice at Bradford, but six months afterwards he returned to 
London, and in the same year graduated M.B. at the University, 
taking the Scholarship in Forensic Medicine, and the third place 
on the lists both in Surgery and in Medicine. In 1864 he graduated 
M.D. London. 

In 1868 he became Medical Officer of Health to St. Pancras, 
Middlesex, an appointment which he held until 1878. In 1873 
he was appointed Public Analyst, not only for the Borough of 
St. Pancras, but also for the Counties of Surrey and Bedford. 

It was in 1872 that he was first asked to undertake analytical 
work for the Home Office, but it was not until some ten years 
afterwards, in 1882, that he was definitely appointed Senior 
Scientific Analyst to that Department. His name subsequently 
became associated with most of the great cases in toxicology in 
England, and in 1904 the King bestowed on him the honour of 
knighthood in recognition of his services to the State in that 
capacity. 

In connexion with Guy’s Hospital, he was appointed Demonstrator 
of Chemistry in 1864, and in 1870 Lecturer in Chemistry conjointly 
with Dr. Debus, Dr. Odling having retired and gone to Oxfogd 
as Professor of Chemistry there. In 1878 he succeeded Dr. Alfred 
Swayne Taylor as Lecturer in Forensic Medicine and Medical 
Jurisprudence. 

Stevenson was elected a Fellow of the Chemical Society, forty- 
five years ago, in 1864, and served four times on the Council, once 
as a Vice-President. He was one of the founders of the Institute 
of Chemistry, of which he subsequently became President 
(1897-1900); he also conducted their first Examination in 
Pharmacology and Therapeutics. It was during his Presidency 
that the late Lord Brampton (Mr. Justice Hawkins) said of him, 
“He is a man who in giving evidence before me has always 
convinced me that he was right, and that it was useless to oppose 
him. I have admired him for his intelligence and knowledge, and 
respect him for his courage, candidness, and truth,” 


OBITUARY. 2215 


Sir Thomas was amongst those who founded the Society of Public 
Analysts, and was the first Treasurer of that Society, becoming 
President in 1896. 

His contributions to chemical literature, which consisted mainly 
of papers on toxicology and analytical methods, were published in 
Guy’s Hospital Reports and The Analyst. 

In 1867 he married Miss Agnes Moberly, by whom he had seven 
children, namely, two sons and five daughters. Of the two sons, 
the younger, Claude, survives him and is in practice as a doctor 
at Cambridge; but the elder, his firstborn, was drowned at Whitby 
in August, 1895; this sad event is very pathetic, as his father had 
been instrumental in saving the lives of a number of people (nearly 
thirty) by the protracted use of artificial respiration after they 
had been brought out of the water insensible. One of the daughters 
has greatly distinguished herself in the medical profession, being 
M.D.Lond., B.S., and Gold Medallist in Surgery. She is now a 
sister in the Oxford Mission at Calcutta. 

Stevenson’s was a most estimable character, upright and truth- 
ful. He was ever kind and courteous, and always ready to help. 
Both he and Lady Stevenson were imbued with deep religious 
feeling, which was not apparent to those who were only casually 
acquainted with them. They both unostentatiously did lasting 
philanthropic work in the neighbourhood in which they lived. 

The death of Lady Stevenson, which took place in January 17th, 
1908, was a blow from which he never recovered, for they were 
deeply attached to one another. A great change came over him, 
he seemed suddenly to grow old, and, at the age of seventy, passed 
away on July 27th, six months after the death of his wife. He 


left many friends, who mourn his loss. 
C. E. G. 


REPORT OF THE INTERNATIONAL 


The Council has ordered the following letter and report to be printed 
in the Journal and Proceedings of the Society : 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON, 
Lonpon, 8S. W. 
November 17th, 1909. 


GENTLEMEN, 

I beg to present to the Council of the Chemical Society the 
Report of the International Committee on Atomic Weights, 1910, to 
which I have affixed, as desired by them, the signatures of Professors 
Ostwald and Urbain. 

Since the Committee last reported, new determinations have been 
made of the atomic weights of chlorine, nitrogen, carbon, iodine, 
silver, phosphorus, arsenic, chromium, tellurium, mercury, palladium, 
krypton, and xenon. 

Certain of the numbers obtained, if confirmed, would necessitate 
minor alterations in the tables, but as additional determinations are 


promised we prefer to make no very great changes until corroborative 
evidence is forthcoming. We suggest, however, that the value of Cr 
should be 52°0 ; that of As should be changed to 74°96 ; and we adopt 
the new values for krypton and xenon. 
I am, Gentlemen, 
Your obedient Servant, 
T. E. THORPE. 


The Hon. Secretaries, 
The Chemical Society, 
Burlington House, 
London, W. 


Report of the International Committee of Atomic Weights, 1910. 


Since the preparation of our last report there has been much 
activity in the determination of atomic weights. A brief summary of 
the results obtained is as follows : 

Chlorine.—A novel comparison of chlorine with oxygen is due to 
Guye and Fluss (J. Chim. Phys., 1908, 6, 732). Nitrosyl chloride, 
NOC1, was first weighed, and then distilled over silver to absorb 
chlorine, then over heated copper to absorb oxygen, and finally over 
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metallic calcium, which retained the nitrogen. The complete analysis 
of the chloride was thus effected. From the direct weights of the 
oxygen and chlorine, Cl= 35-468. 

Nitrogen.—In the investigation just cited, Guye and Fluss give 
data which correspond to N=14:006. Guye and Pintza (Compt. rend., 
1908, 147, 925) determined the density of the mixed gases produced 
by the decomposition of ammonia, and so measured its composition 
by volume. If H=1-0076, then N=14°014. The authors regard 
the determination as having only a significance corroborative of the 
lower value for nitrogen. 

The ratio AgCl:NH,Cl::100:37°3217 has been measured by 
Richards, Koethner, and Tiede (J. Amer. Chem. Soc., 1909, 31, 6). 
Reduced with Ag = 107°881, Cl = 35°4574, and H =1-0076, N = 14-0085. 
If H=1-0078, N=14-008. The values assigned tosilver and chlorine 
are derived from former researches by Richards and his colleagues 
in the Harvard laboratory. 

Carbon.—From the ratio between silver and tetraethylammonium 
bromide, as measured by Scott (Zrans., 1909, 95, 1200), C=12°017 
when Ag=107°88. <A single experiment with the corresponding 
methyl compound gave C=12°019. These values are too high to be 
accepted until they have been confirmed by other methods. 

From the density of methane, Baume and Perrot (Compt. rend., 
1909, 148, 39) find C=12°004, From the density of toluene, as 
determined by Ramsay and Steele, Leduc (Compt. rend., 1909, 148, 
832) computes C = 12-003. 

Iodine and Silver—Baxter and Tilley (J. Amer. Chem. Soc., 1909, 
31, 201) have determined the ratio between iodine pentoxide and 
silver. The pentoxide was reduced by means of hydrazine, and the 
hydriodic acid so produced was balanced in the usual way against 
silver. From the ratio thus found, I,0,:: 2Ag::100 :64°6225 and 
64-6230 (two series), combined with the ratioI: Ag: : 100: 84-8843, 
the authors find that the atomic weight of Ag lies between 107°847 
and 107°850. The corresponding value for iodine is I= 126°891. 

Phosphorus.—From the density of phosphine, PH,, Ter Gazarian 
(Compt. rend., 1909, 148, 1397) finds P = 30°906. 

Arsenic.—Atomic weight redetermined by Baxter and Coffin 
(J. Amer. Chem. Soc., 1909, 31, 297). The ratios Ag,AsO,:3AgCl 
and Ag,AsO,:3AgBr were determined by two methods, one by solu- 
tion and precipitation in the usual way, the other by heating the 
arsenate in a stream of hydrochloric or hydrobromic acid. The 
final mean result is As=74°957 when Ag = 107:880. 

Chromium.—From analyses of silver chromate by two methods, 
Baxter, Mueller, and Hines (J. Amer. Chem. Soc., 1909, 31, 529) find 
Cr=52°008 when Ag=107°88. With similar analyses of silver 
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dichromate, Baxter and Jesse (J. Amer. Chem. Soc., 1909, 31, 541) 
find Cr=52°013. The mean value is 52-01. 
Tellurium.—Lenher (J. Amer. Chem. Soc., 1909, 31, 20) converted 
the double bromide K,TeBr, into 2KC! by heating, first in a stream of 
chlorine, and afterwards in hydrochloricacid. Sixteen very concordant 
experiments were made, giving the molecular ratio between the two 
compounds. The final mean value is Te = 127°55. 
Mercury.—Analyses of mercuric chloride have been made by 
Easley,* who determined the proportion of mercury in the compound, 
and also the ratio HgCl,: 2AgCl. By the first method, Hg = 200-48 ; 
by the second method, Hg:=200°62. These values are surprisingly 
high ; but as Easley is to continue his investigation, it would be unwise 
to accept them until his work is all done. It is quite possible that the 
increase may be ultimately verified. 
Palladium.—Atomic weight determined by Gutbier, Haas, and 
Gebhardt T by analyses of palladosammine bromide. The final most 
probable mean value when N,H,r, = B193°908 is Pd = 106°689. 
Krypton and Xenon.—Moore (Trans., 1908, 93, 2181) isolated 
krypton and xenon in considerable quantities from the residues from 
120 tons of liquid air. Calculated from the densities of the two gases, 
the atomic weights are Kr = 83:012 and Xe=130°70. 
It will be seen from the evidence given above that few changes are 
needed in the table of atomic weights. Chromium, 52°01, may be 
rounded off to 52, as compared with the 52:1 formerly accepted. 
Arsenic becomes 74°96, in accordance with the work of Baxter and 
Coffin. The new values for krypton and xenon should also be adopted. 
As regards mercury, action may be deferred until more evidence is 
received. 
F, W. Crarke. 
W. Ostwa.p. 
T. E. THorPE. 
G. Urpatn. 

* Private communication. Easley’s work is soon to be published. 


+ J. pr. Chem., 1909, [ii], 79, 457. This includes the work of Haas, cited in the 
Report for 1909. 
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Wallach, Otto. See William Henry 
Perkin, jun. 

Walpole, George Stanley, a simple gas- 
drying apparatus for use with a me- 
chanical exhaust pump, P., 97. 

Walpole, George Staniley. See also 
George Barger. 

Watson, Ldwin Roy, the relation be- 
tween the chemical constitution of 
monoazo-dyes and their fastness to 
light, P., 224. 

Watson, Edwin Roy, A. Chandra Sirkar, 
and Jatindra M. Dutta, the relation 
between the chemical constitution of 
monoazo-dyes and their fastness to 

light, P., 290. 


Watson, Herbert Edmeston. See Edward 
Charles Cyril Baly. 

Watt, Henry Edgar, the alkaloids of 
Senecio latifolius, T., 466; P., 68. 
Wechsler, E/kan. See Arthur Lap- 

worth. 

Wedekind, Edgar, and Samuel Judd 
Lewis, analytical investigation of 
zirconium metal, T., 456; P., 60. 

chlorine generated by potassium per- 
manganate; its preparation and 
purity, P., 59; discussion, P., 
59 


Weizmann, Charles. See (Miss) Dorothy 
Harrop. 

Whitby, George Stafford. 
Thomas Morgan. 

Whiteley, (Miss) Martha Annie, and 
Harold Mountain, studies in the bar- 
bituric acid series. Part II. 1:3-Di- 
phenyl-2-thiobarbituric acid and some 
coloured derivatives, P., 121. 

Wilks, William Arthur Reginald. See 
Henry John Horstman Fenton. 

Winmill, Thomas Field. See John 
Theodore Hewitt. 

Wise, Archibald. See Harold Hibbert. 

Wood, John Kerfoot, and (Miss) Emma 
Alexander Anderson, the constitution 
of the salts of barbituric acid, T., 979; 
P., 154. 

Woodhouse, John Obins. See William 
Robert Lang. 

Wootton, William Ord, amides and 
imides of camphoric acid ; preliminary 
note, P., 308. 

Worrall, (Jfiss) Elizabeth. See Arthur 
Waish Titherley. 

Wren, Henry, some derivatives of 7-benz- 

om, T., 1588:; P.,, 219. 

racemisation phenomena observed in 
the study of 7-benzoin and its deriva- 
tives, T., 1593; P., 219. 

Wiinsch, Donald Frederick Sandys. See 
Frederick Daniel Chattaway. 


See Gilbert 
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Yates, Joseph. See Robert Howson 
Pickard. 
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TRANSACTIONS AND PROCEEDINGS. 


1909. 


(Marked T. and P. respectively.) 


Single organic compounds of known empirical formula will be found in the 
Formula Index, p. 2247. 


A. 


Acetanilides, primary interaction of 
chlorine and (OrroN and Jongs), T., 
1456 ; P., 196. 

Acetylation, acids as accelerators in 
(SmitH and Orton), T., 1060; P., 
166. 

Acid chlorides, action of mercaptans on 
(Jones and TAsKER), T., 1904; P., 
247 ; (TASKER and JoNEs), T., 1910; 
P., 247. 

Acids and bases, the relation between 
the strength of, and the quantitative 
distribution of affinity in the mole- 
cule (Fiiinscuerm), T., 718; P., 
22; Part II., P., 193. 

as accelerators in acetylation (SMITH 
and Orton), T., 1060; P., 166. 

containing two adjacent ethenoid 
groups, optical activity of (H11- 
D!TcH), T., 1570; P., 214. 

influence of various sodium salts on 
the solubility of sparingly soluble 
(Puitiep and GARNER), T., 1466 ; 
P., 212. 

Acids, aromatic, sulphinic, isolation of 

(Tuomas), T., 342; P., 60. 

fatty, monobasic, azoimides of (Fors- 
TER and Mi.uErR), T., 191; P., 26. 

fatty, dibasic, optical activity of (H1L- 
pitcn), T., 1578; P., 214. 

mineral, variation in the catalytic 
activity of, with changes in their 
concentration (LAPWORTH), P., 19. 


organic, action of sulphur monochlor- | 


ide on salts of (a convenient method 


of preparing anhydrides) (DENHAM), | 


T., 1235; P., 179. 


See also Alkyloxy-acids and Hydroxy- | 


acids. : 
Acrylic acids, substituted, esterification 
constants of (SupBoroucH and 
Gittins), T., 315; P., 31; (Sup- 
BorovGH and Davis); T., 975; P., 
147. 


Acylanilides, chlorination and bromin- 
ation of (OrTON and JONEs), P., 233, 
305. 

Acylbornylamines (FRANKLAND and 
Barrow), T., 2017, 2026; P., 263. 
Adsorption in relation to Gibbs’s theory 

the mercury adsorbing surface (LEWIS), 

P., 258. 

AFFINITY, CHEMICAL :— 

Affinity, quantitative distribution of, 
in the molecule, and the relation 
between the strength of acids and 
bases (FLiirscHErm), T., 718; P., 
22; Part II., P., 198. 

and electrons (FLURscHEIM), P., 
261. 
of organic substances, simple method 
for determining the (H1sBErt), 
P., 57 ; discussion, P., 58. 
Affinity constants of hydroxy- and 
alkyloxy-acids (FINDLAY, TURNER, 
and Owen), T., 938; P., 146. 

Affinity values and hydrolysis, lecture 
experiments to illustrate (VELEY), 
D5, 400s 

of certain alkaloids (Very), T., 

758; P., 115. 
tropine and 

(Vengy), T., 1. 

Dynamic isomerism, studies of (Low- 

RY and Descu), T., 807, 1840; 
P., 13, 192. 
benzyl sulphoxide; a possible ex- 
ample of (SMyTHE), T., 349. 
Chemical dynamics of the reaction 


of its derivatives 


between iodine and_ acetone 
(Dawson and Leste), T., 1860; 
P., 246. 


of the reactions between sodium 
thiosulphate and organic halogen 
compounds (SLATOR and Twiss), 
T., 93. 

Chemical equilibrium between calcium 
carbonate and carbonic acid, and 
effect of dissolved salts on (SEYLER 
and Lioyp), T., 1347; P., 199. 


AFFINITY, CHEMICAL :— 

Dissociation equilibria in solutions, 
method for investigating, and its 
application to the study of aqueous 
potassium mercuri-iodide solutions 
(Dawson), T., 870; P., 129. 

Hydrolysis and affinity values, lecture 
experiments to illustrate (VELEy), 
T., 759. 

Velocity of chemical change, deter- 
mination of the, by measurement of 
the gases evolved (LAMPLOUGH), P., 
23; discussion, P., 24. 

Velocity of formation of azo-derivatives 
from benzenoid diamines (VELEY), 
4 1200; P., 175. 

Velocity of hydrolysis, influence of 
hydroxy- and alkyloxy-groups on 
the (FrnDLAYy and HicKkmans), T., 
1004; P., 152. 

Velocity of reaction of triphenyl- 
methane dyes with acid and alkali 
(Sipcwick and Moore), T., 889; 
P., 128 ; (SmpewicKk and RIVvETT), 
T., 899; P., 124. 

Alcohols, action of metallic calcium on 
(PERKIN and Pratt), T., 159; P., 

‘ 18. 
racemic, resolution of (PIcKARD and 

KeEnyon), P., 167. 

Aldehydes and ketones, condensation of, 
with the sodium derivative of ethyl 
cyanoacetate (HAWORTH), T., 480 ; 
P., 76 ; (GARDNER and Haworrs), 
T., 1955; P., 250. 

See also Hydroxyaldehydes. 

Aldehyde-cyanohydrins, preparation of 
acyl derivatives of (FRANCIS and 
Davis), T., 1403; P., 210. 

Alkaloids, affinity values of certain 

(Vetey), T., 758; P., 115. 
of Senecio latifolius (Watt), T., 466 ; 
> 68. 

Alkyl magnesium halides, and tertiary 
amines, stability of compounds de- 
rived from (H1BBERT), P., 118. 

Alkyloxy-acids, affinity constants of 
(FINDLAY, TURNER, and Owen), T., 
938 ; P., 146. 

Allenecarboxylic acids, substituted, ex- 
periments on (LAPWORTH and WECcH- 
SLER), P., 307. 

Aloins, constitution of the (Ropinson 
and SimonsEN), T., 1085; P., 76, 
153. 

Aluminium double and triple ferro- 
cyanides with potassium and ammon- 
ium (Ropinson), T., 1353; P., 
195. 

Amides, condensation of, with esters of 
acetylenic acids (RUHEMANN), T., 

984; P.. &7. 
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Amines, interaction of, with 2:3:5-tri- 
nitro-4-acetylaminephenol (MEL- 
poLa and Hay), T., 1033; P., 167. 

new method for the separation 
of tertiary from secondary and 
primary (HIBBERT and Wise), P., 
119. 


primary, secondary, and tertiary, es- 
timation of (SuDBOROUGH and His- 
BERT), T., 477; P., 75. 

tertiary, and magnesium alkyl halides, 
stability of compounds derived from 
(Hippert), P., 118. 

Amino-compounds, condensation of oxy- 
methylenecamphor with (PorE and 
Reap), T., 171; P., 18. 

Ammines, metallic, configuration of 
(BAKER), P., 223. 

Ammonium, double and triple ferro- 
cyanides of magnesium, aluminium, 
and cerium with potassium and 
(Rosrnson), T., 1853; P., 195. 

Ammonium dichloroiodide and chloro- 
bromoiodide (CHATTAWAY), P., 
163. 

chromate, dichromate, and ¢richrom- 
ate, slow decomposition of, by heat 
(Baz), T., 87. 

perhalides (CHaTTAWAY), P., 163. 

nitrite, decomposition and subJimation 
of (RAy), T., 345; P., 56. 

Amygdalins (WALKER and KRIEBLE), 
T., 1437; P., 208. 

d-Amyl group, influence of, in asym- 
metric synthesis (McKENzIE and 
MULuER), T., 544; P., 88. 

Androsin, C,;H Os. 

Androsterol, C3)H;,0. 

Anhydrides of organic acids, preparation 
of (DrenHAM), T., 1235; P., 
179. 

preparation of, by the action of thionyl] 
chloride on salts of organic acids 
(DENHAM), P., 294. 

Anilides, quantitative decomposition of 
(Davis), T., 1897; P., 197. 

Anilines, nitro-, mechanism of reduction 
of (FLURsCcHEIM), P., 21. 

Annual General Meeting, T., 611; 
Fis 204. 

Antimony organic compounds (MacKey), 
T., 604; P., 98; (MorGAN, MICKLE- 
THWAIT, and Wuirsy), P., 302. 

Apocynamarin, Co,H3,0,. 

Apocynum androsaemifolium, constitu- 
ents of the rhizome of (Moors), T., 
734; P., 85. 

Apocynum cannabinum, constituents of 
(FINNEMORE), P., 77. 

Apparatus, gas-drying, for use with a 

-. exhaust pump (WALPOLE), 

ac ee 
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Arsenic :— 

Arsenious acid, some esters of (LANG 
aud WoopHovsg), P., 199. 

Arsenic organic compounds (Morcan 
and MIckLETHWAIT), T., 1473; P., 
212. 

Arsenic, estimation of, in organic 
compounds (LITTLE, CAHEN, and 
Morcan), T., 1477 ; P., 212. 

Association and viscosity "in binary 
mixtures of liquids (SENTER), P., 292. 

Asymmetric compounds, study of (Kie- 
pInG), T., 408; P., 55. . 

Atomic volumes. See Volumes. 

Atomic weight of carbon (Scorr), T 
1200; P., 173, 310; (THorPE), P., 
285. 

of chlorine (GRAy and Burt), T 
1633; P., 216. 

Atomic weights, report of the Inter- 
national Committee on, T., 2216. 

table of, T., 2219 

method of harmonising the (Morr), 
T., 1752; P., 213. 

of the lighter elements, divergence 
of, from whole numbers (EGER- 
TON), T., 238; P., 26. 

Availability of hydrogen chloride in 
alcoholic solution, influence of water 
on the (LAPWORTH and PaRrTINGTON), 
P., 307. 

Azine series, studies in the (HEWITT, 
NEWMAN, and WINMILL), T., 577; 
P., 86. 

Azo-compounds, colour and constitution 
of (HEwiITT and THomAs), T., 1292; 
P., 190; (Hewitr and THOLE), T., 
1393; P., 208. 

Azo-compounds, hydroxy-, constitution 
of (MircHELL and SmiruH), T., 1430; 
P., 209 ; (Tuck), T., 1809; P., 230. 

Azo-derivatives, rate of formation of, 
from benzenoid diamines (VELEY), T., 
1186; P., 175. 

Azo-dyes, mono-, relation between the 
chemical constitution and fastness to 
light of (Watson), P., 224; (Wart- 
SON, SrRKAR, and Dutta), P., 290. 

Azoimide (hydrazoic acid, hydronitric 
acid) sodium salt, interaction of benz- 
hydroximic chloride and (ForsTER), 
T., 184; P., 25. 

Azoimides of monobasic aliphatic acids 
(Forster and MU.uEr), T., 191; P., 
26. 


B. 

Balance Sheets of the Chemical Society 
and of the Research Fund. See 
Annual General Meeting, T., 618 ; P., 
101. 
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Barbituric acid series, studies in the 
(WHITELEY and MovunTaIn), P., 121. 

Barium nitrite, molecular volume of 
(RAy), T., 66. 

Bases, and acids, relation between the 
strength of, and the quantitative dis- 
tribution of affinity in the molecule 
(FLirscHEmM), T., 718; P., 22, 193. 

Bismuth trioxide, solubility of, in alkali 

hydroxides (Knox), T., 1760; P., 
226. 

trisulphide, solubility of, in alkali 
sulphides (Knox), T., 1760; P., 
226. 

Bleaching powder, a crystalline (ORTON 
and JonEs), T., 751; P., 74. 

Bornylamides (FRANKLAND and BAr- 
row), T., 2017; P., 263; T., 2026; 
P., 263. 

Boron, preparation of (PRING and FIELp- 
ING), T., 1500; P., 215. 

Bromoacylaminobenzenes, action of 
halogen acids on (ORTON and JONES), 
P., 305. 

Butter, detection of cocoanut oil in 
(CALDWELL and HurtLEy), T., 861; 
Pe5, 08s 

Butter-fat, cocoanut oil, and their fatty 
acids, distillation of (CALDWELL and 
Hurt ey), T., 853 ; P., 73. 


C. 


Cesium, new method for the detection 
of (BALL), T., 2126; P., 284. 

Calcium, action of alcohols on (PERKIN 
and Pratt), T., 159; P., 18 

Calcium carbonate and carbonic acid, 

equilibrium between, and effect of 
dissolved salts on (SEYLER and 
Luoyp), T., 1347 ; P., 199. 
hydride, action of, on alcohols (PER- 
K1N and Pratt), T., 161; P., 18. 
nitrite, molecular volume of (RAy), 
T:, 66. 

Camphane series, studies in the (Fors- 
TER and THORNLEY), T., 942; P., 145; 
(ForsTER and GARLAND), T., 2051; 
P., 244, 

Carbamides, chlorine derivatives of sub- 
stituted (CHATTAWAY and WUNscH), 
Teg kees Fa, Bk 

Carbon, atomic weight of (Scorr), T., 

1200; P., 173, 310; (THorrse), P., 
285. 

apparatus for experiments at high 
temperatures and pressures on 
(THRELFALL), P., 153. 

Carbon dioxide, decomposition of, by the 
silent electric discharge (Hott), T., 


30. 
7H 
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Carbon dioxide, influence of non-electro- 


_— on the solubility of, in water | 
( 


SHER), P., 303. 
Carbonic acid, constitution 
(FRIEND), P., 91. 
and calcium carbonate, equilibrium 
between, and effect of dissolved 
salts on (SEYLER and Luioyp), T., 
1347 ; P., 199. 

Carbonates, estimation of, in presence of 
nitrites, sulphides or sulphites, by 
means of potassium dichromate 
(MARLE), T., 1491; P., 154. 

studies of the (SEYLER and Luoyp), 
T., 1347; P., 199. 

Carboxyl group, constitution of (SMEp- 
LEY), T., 231; P., 16. 

Carthamine, C,;H,,0,. 

Catechol derivatives, methylene ethers, 
action of phosphorus pentachloride on 
(EwIns), tr. 1482; P., 210. 

Cerium double and triple ferrocyanides, 
with potassium, sodium, and ammon- 
ium (Ropinson), T., 1353; P., 
195. 

Chemical constitution, and absorption 
spectra, relation between (BALY, 
CoLLIzE, and Warson),_ T., 
144, 

and absorption spectra of pyridine 
and derivatives, relation between 
(Purvis), T., 294; P., 14. 

and fastness to light of monoazo- 
dyes, relation between (Watson), 


of 


P., 224; (Watson, SIRKAR, and | 


Dutta), P., 290. 


and optical properties of the aromatic | 


a- and y-diketones (SMEDLEY), T., 
96: -F., 17. 
and physiological action in the trope- 
ines, relation between (JOWETT 
and Pyman), T., 1020; P., 165. 
and viscosity, relation between 


(DunsTAN and THOLE), T., 1556; | 


P., 219. 
of the carboxyl group (SMEDLEY), 
T., 231; P., 16 


Cherry bark, wild. See Prunus 
serotina. 
Chitin (CoH 590i9N 4)n- 


Chlorine, atomic weight of (Gray and 

Burt), T., 1633; P., 216. 

and hydrogen, interaction of (CHAp- 
MANand MacMAnon), T., 135, 959, 
1717; P., 15, 148, 224. 

generated by potassium permanganate ; 
its preparation and purity (WEDE- 
KIND and Lewis), P., 59; discus- 
sion, P., 59. 

primary inteiaction of, and acetanil- 
ides (Orton and Jonzgs), T., 1456 ; 
P., 196. 
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| Chlorine :— 
Hydrochloric acid (hydrogen chloride), 
conductivity of, in various solvents 
(BALY, BurKE, and MARSDEN), 
T., 1103. 
density and compressibility of, and 
adsorption of, byeglass (GRAY and 
Burt), T., 1684; P., 216. 
influence of water on the availabil- 
ity of, in alcoholic solution (Lar- 
wortHand PARTINGTON), P., 307. 
Perchlorates, estimation of, by titan- 
ous salts (KNECHT), P., 229. 
Chloroacylaminobenzenes, action of 
halogen acids on (ORTON and JONEs), 
P., 305. 
| Chloroxylonine, C,.H,,0,N. 
| Chrysoeriol, C,,H,.0,. 
| Cobaltinitrites, studies on the (CUNNING- 
HAM and PERKIN), T., 1562. 
Cocoanut oil, butter fat, and their fatty 
acids, distillation of (CALDWELL and 
HvurtT.ey), T., 853; P., 73. 
Colour and constitution of the alkyl iod- 
ides of cyclic bases (TINKLER), T., 
921; P., 128. 
of azo-compounds 


(Hewitt and 


THouz), T., 1898; P., 208; 
(Hewitt and Tuomas), T., 1292 ; 
P., 190. 


of diazonium salts (MorGAN and 
Atcock), T., 1819; P., 202. 
of aqueous solutions of violuric acid 
(DonNAN and ScHNEIDER), T., 956 ; 
P., 148. 
| Colouring matters of cotton flowers, 
Gossypium herbaceum (PERKIN), T., 
| 2181; P., 291. 
Copper solutions, ammoniacal, nature of 
(Dawson), T., 370; P., 33. 
Copper carbonates and the cupricarbon- 
ates (PICKERING), T., 1409; P., 188. 
| sulphate, new basic (PICKERING), 'T., 
1417. 
| sodium carbonates (PICKERING), T., 
1418 ; P., 188. 
Cupricarbonates 
1409 ; P., 188. 
Cupric hydroxide, electromotive be- 
haviour of, in alkaline electrolytes 
(ALLMAND), T., 2151; P., 258. 
solubility of, in ammoniacal barium, 
and sodium hydroxide solutions 
(Dawson), T., 377; P., 33. 
solubility of, in ammoniacal sulphate 
solutions (DAwson),T.,370;P.,33. 
Cuprous oxide, electromotive behavi- 
our of, in alkaline electrolytes (ALL- 
MAND), T., 2151; P., 258. 
| Critical-solution point, influence of, on 
| the shape of the melting-point curve 
(FLASCHNER), T., 668; P., 71. 


(PICKERING),  T., 
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Cryoscopic experiments with two solutes 
resent together (PATTERSON and 
ONTGOMERIE), T., 1138. 
Crystallisation of externally compens- 
ated mixtures (K1ppine and Pops), 
T., 103; P., 9. 
Cupric and Cuprous salts. See under 
Copper. 
isoCyanine dyes, optical and sensitising 
properties of (SHEPPARD), T., 15. 
Cyanohydrins, condensations of (Mc- 
ComBIE and Parry), T:, 584; P., 95. 
Cyclic bases, colour and constitution of 
alkyl iodides of (TINKLER), T., 921; 
Pe» 126: 
Cynotoxin, C.)H,,0,. 


D. 


Density (specific gravity) of liquids, cor- 
rection of, for the buoyancy of air 
(WADE and Merriman), T., 2174; 
P., 290. 

Diamines, benzenoid, rate of formation of 
azo-derivatives from (VELEy), T., 
1186 ; P., 175. 

Diazoamino-compounds, constitution of 
(ForstER and GARLAND), T., 2051; 
P., 244. 

Diazohydroxylamino-compounds, and the 
influence of substituting groups on the 
stability of their molecules (GEBHARD 
and THompson), T., 767, 1115; P., 70, 
149. 

p-Diazoimides, production of, from alkyl- 
and aryl-sulphonyl-p-diamines (Mor- 
GAN and PicKarD), P., 300. 

Diazonium yerbromides or N-tribromo- 

substituted hydrazines, preparation 
and properties of (CHaTrraway), T., 
862; P., 120. 

salts, colour and constitution of (Mor- 
GAN and ALcock), T., 1319; P., 
202. 

Dihydrobenzenes, substituted (CRossLEY 
and Rrenovr), T., 930; P., 145. 

a- and y-Diketones, aromatic, relation 
between chemical constitution and 
optical properties of (SMEDLEY), T., 
218; P., 17. 

Diphenylamine ortho-sulphoxides, intra- 
molecular rearrangement of (BARNETT 
and SMILEs), T., 1253; P., 74, 195. 

ne. See under Affinity, chemi- 
cal, 

Disulphides, preparation of (Prick and 
Twiss), T., 1050, 1489, 1725; P., 32, 
165, 211, 232. 

Dynamic isomerism. See under Affinity, 
chemical. 
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Ecballium Elaterium, constituents of the 
fruit of (PowER and Moors), T., 1985; 
P., 260. 

ELECTROCHEMISTRY :— 

Electrons and chemical affinity (FLUR- 
SCHEIM), P., 261. 
elements and (RAMSAy), T., 624; 
P., 108. 
Elements and electrons (Ramsay), T., 
624; P., 108. 
the lighter, divergence of the atomic 
weights of, from whole numbers 
(EcERTON), T., 238; P., 26. 

Emulsin, hydrolysis of amygdalin by 
(AuLD), T., 927 ; P., 62. 

Enzymes. See Emulsin, Indimulsin. 

Epinephrine series, syntheses in the 
(Turin, Caton, and Hany), T., 2113; 
P., 289. 

Equilibrium of sodium sulphite with 
water (HARTLEY and BARRETT), T., 
1178; P., 164. 

Equilibrium, chemical. See under 
Affinity, chemical. 

Ergot, isolation and synthesis of p-hydr- 
oxyphenylethylamine, an active prin- 
ciple of (BARGER), T., 1123; P., 162. 

Eriodictyon, chemical examination of 
(TuTIN and CLEWER), T., 81; P., 12. 

Eriodonol, C,,H),0,. 

Esterification constants of substituted 
acrylic acids (SuDBOROUGH and GIT- 
Tins), T., 315; P., 31; (SuDBOROUGH 
and Davis), T., 975; P., 147. 

Esters of organic acids, action of ethyl 
carbamate on (RUHEMANN and PRIEST- 
Ey), T., 449; P., 62. 

Ethenoid groups, optical activity of acids 
containing two adjacent (HILDITCH), 
T., 1570; P., 214. 


F 


Ferric compounds. See under Iron. 
Ferrocyanides. See Iron organic com- 
pounds. 


G. 


Gases, ignition-temperatures of (DIxon 
and CowarD), T., 514; P., 67. 

Glasses, formation of (Coss), P., 165. 

Glazes, formation of (Cops), P., 165. 

Glucose derivatives, constitution of 
(IRVINE and Ginmour), T., 1545; P., 
218. 

Glucosides. See Androsin, Gossypitrin, 
Quercimeritrin, <soQuercitrin. 

Glycide aryl ethers, action of ammonia 
on (Boyp and Know tron), T., 1802 ; 
P., 235. 
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Gossypetin, C,,;H1,0x. 

Gossypitrin, C,,H..0)5. 

Grignard reagent, action of, on phthalic 
esters (SHIBATA), T., 1449; P., 209. 


H. 


Halogen compounds, organic, the chem- 
ical dynamics of the reactions between 
sodium thicsulphate and (Staror and 
Twiss), T., 93. 

Halogens, action of, on aromatic hydr- 
ru (CHATTAWAY), T., 1065; P., 
147. 

reactivity of the, in organic compounds 
(SENTER), T., 1827; P., 236. 

Hantzsch-Werner hypothesis, an inter- 
pretation of the (Forster and Dunn), 
T., 425; P., 68. 

Hemp, Canadian. 
binwm. 

Heterocyclic compounds, formation of 
(LE Sueur), T., 273; P., 36. 

cycloHexanone derivatives, formation of, 
from olefinic compounds (RUHEMAN)), 
Keg 208s P., 20. 

Hibiscetin, from Hibiscus sabdariffa, and 
its acetyl derivative (PERKIN), T., 
1858; P., 248. 

Hibiscus sabdariffa, colouring matters of 
flowers of (PERKIN), T., 1855; P., 
248. 

Homoandrosterol, C.,H,,0. 

Hydration of precipitates (PICKERING), 

T., 123; P., 12. 
in solution and viscosity (DuNsTaN 
and THOLE), T., 1556; P., 219. 

Hydrazine sulphate, preparation of, from 
p-urazine (CHATTAWAY), T., 237; P., 
11 


See Apocynwm canna- 


Hydrazines, aromatic, action of halogens 


on (CHATTAWAY), T., 1065; P., 
147. 
N-tribromo-substituted  (diazonium 


perbromides), preparation and pro- 
perties of (CHATTAWAY), T., 862; 
P., 120. 
Hydroacridines, formation of (PorE and 
Howarb), P., 304. 
Hydrochloric acid. See under Chlorine. 
Hydrogen and chlorine, interaction of 
(CHAPMAN and MacManon), T., 135, 
959, 1717; P., 15, 148, 224. 
Hydrogen chloride. See under Chlorine. 
peroxide, production of ozone in the 
interaction between sulphur dioxide 
and (FERRABOSCHI), P., 179. 
Hydrolysis. See under Affinity, 
chemical. 
Hydroxy-acids, affinity constants of 
(FINDLAY, TURNER, and Owen), T., 
938; P., 146. 
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Hydroxyaldehydes, action of nitric acid 
on the ethers of aromatic (SALWay), 
‘Ley 21003 F-, 168. 

Hydroxyl derivatives, estimation of, in 
mixtures of organic compounds (H1b- 
BERT), P., 57. 


3 


Ignition temperature. 
mochemistry. 

Imino-compounds, alicyclic, transforma- 

tion of ‘aliphatic nitriles into 
(THORPE), P., 17. 

formation and reactions of (BEsT and 
THORPE), T., 8, 261, 685, 1506; 
P., 28, 92, 216; (THorPs), T., 
1901; P., 244. 

nomenclature of (THORPE), P., 309. 

Indimulsin, the enzyme of indican, and 
solubility of (THomAs, BLoxaAM, and 
PERKIN), T., 824; P., 126. 

Iodides. See under Iodine and Poly- 
iodides. 

Iodine and acetone, dynamics of the re- 
action between (DAWson and LEsLIEg), 
T., 1860; P., 246. 

Iodine dioxide, properties and reactions 

of (Murr), 'l., 656; P., 88 

Iodides, alkyl, of cyclic bases, colour 
and constitution of (TINKLER), T., 
921; P., 128. 

Iron, action of steam on (FRIEND), P., 

90. 

rusting of (Moopy), P., 34. 

Ferric salts of aromatic sulphinic acids, 
reactions of (THomAs), T., 348. 

Iron organic compounds :— 

Ferrocyanides, double and triple, of 
magnesium, aluminium, and cerium 
with potassium and ammonium 
(Ropinson), T., 1853; P., 195. 

Iron, estimation of, by permanganate in 

the presence of hydrogen chloride 
(FRIEND), T., 1228; P., 150. 

ferrous, estimation of small quantities 
of, by potassium permanganate in 
the presence of hydrogen chloride 
(FRIEND), P., 224. 

Isomeric change and absorption spectra, 
relation between (Lowry and Descx), 
T., 807, 1340; P., 13, 192. 

Isomerism, dynamic. See under Affinity, 

chemical. 

labile, among the acylsalicylamide, 
acylhydroxyamine and phenylbenzo- 
metoxazine groups (TITHERLEY and 
Hicks), T., 908; P., 95. 


See under Ther- 


K. 


Ketimine-enamic isomerism (THORPE), 
P., 309. 
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Ketones and aldehydes, condensation of, 
with the sodium derivative of ethyl 
cyanoacetate (HAwoRTH), T., 480; P., 
76; (GARDNER and Haworth), T., 
1955; P., 250. 

Ketones, hydroaromatic (CRossLEY and 
GILLING), T., 19. 


L. 


Lead cobaltinitrite (CUNNINGHAM and 
PERKIN), T., 1569. 
sulphate, solubility of, in concentrated 
solutions of sodium and potassium 
acetates (Fox), T., 878; P., 128. 
Liquids, correction of the specific gravity 
of, for the buoyancy of air (WADE 
and MerrimMAn), T., 2174; P., 290. 
volume and temperature changes at- 
tending mixture of (PATTERSON and 
MONTGOMERIE), T., 1136. 

Lithium nitrate, electrical conductivity 
and absorption spectra of, in various 
solvents (BALY, BuRKE, and MArs- 
DEN), T., 1101; P., 144. 


Magnesium double and triple ferro- 
cyanides with potassium and am- 
monium (RoBinson), T., 1853; P., 195. 

Magnesium organic compounds :— 
Magnesium alky] halides and tertiary 

amines, stability of compounds de- 
rived from (H1pBErr), P., 118. 

Manganese sulphate and potassium per- 
manganate, reaction between, in acid 
solution (StRKAR and Dutta), P., 249. 

Matches, lucifer, detection of white 
phosphorus in the igniting composition 
of (THorPE), T., 440; P., 73. 

Melting-point curve, influence of a 
critical-solution point on the shape of 
the (FLASCHNER), T., 668; P., 71. 

Melting-point curves of mixtures of o- 
and p-chloroacetanilides (JoNES and 
Orton), T., 1059. 

Memorial lectures, Gibbs (CLARKE), T., 
1299 ; Mendeléeff (T1LpEN), T., 2077. 

Mercaptans, action of, on acid chlorides 
(JonES and TAskER), T., 1904; P., 
247 ; (TASKER and Jonss), T., 1910; 
P., 247. 

Mercury, volumetric estimation 
(Knox), T., 1768; P., 227. 

Metals, rapid electro-analytical deposi- 

tion and separation of (SAND), P., 
228. 
refractory, preparation at high tem- 
peratures of, from their chlorides 
~~ and FiELpina), T., 1497; 
+» 216. 


of 
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Molecular complexity in the liquid state 
(HotmEs and SAcEmMAN), T., 1928. 
Molecular volumes. See Volumes 

molecular. 
Molybdenum, preparation of (PRING and 
Fieipine), T., 1504; P., 215. 

Morphotropic relationships between the 
derivatives of picric acid (JERUSALEM), 
T., 1275; P., 201. 

Mustard oils, action of, on the ethyl 
esters of malonic and cyanoacetic 
acids (RUHEMANN), T., 117; P., 14. 

action of ethyl carbamate on (RUHE- 
MANN and PRIESTLEY), T., 449; 
P., 62. 


N, 


Naphthoic acids, optically active reduced 
(PicKARD and YArTss), T., 1011; P., 
152. 

Nitrates. See under Nitrogen. 

Nitriles, aliphatic, transformation of, 
into alicylic imino-compounds 
(THoRPE), P., 17. 

Nitrites. See under Nitrogen. 

Nitrogen chloride (CHAPMAN and Vop- 

DEN), T., 188; P., 15. 

Nitrates, absorption spectra of, in re- 
lation to the ionic theory (BALY, 
Burkg£, and MArRspDEN), T., 1096; 
P., 144. 

Nitrites, action of carbon dioxide on 
(MARLE), P., 74. 

Nitrosyl chloride, action of mercaptans 
on (TAskER and Jongs), T., 1910; 
P., 247. 


0. 


Obituary notices :— 

Bennett Hooper Brough, T., 2202. 
Richard John Friswell, T., 2204. 
William Ashwell Shenstone, T., 2206. 
Edward Sonstadt, T., 2209. 

Sir Thomas Stevenson, T., 2213. 

Olefinic compounds, formation of cyclo- 
hexanone derivatives from (RUHE- 
MANN), T., 109; P., 10. 

Optical activity, properties, and Opti- 
cally active compounds. See under 
Photochemistry. 

Organic compounds, reactivity of the 
halogens in (SENTER), T., 1827; P., 
236. 


Oxazole derivatives, new synthesis of 
(Rosrnson), T., 2167; P., 295. 

Oxidation, atmospheric, of §-methyl- 
hydrindone (SALway and Kipprne), 
‘Tn, 2063 Fis 18, 

Oximino-group, configuration of the 
(Mitxs and Barn), P., 177. 

Oxydases (GORTNER), P., 306. 
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Oxygen, ————— of (GRAY and | PHOTOCHEMISTRY :— 
9 


URT), 1657 ; P., 216. 
retarding effect of, on rate of inter- 
action of chlorine and hydrogen 
(CHAPMAN and MacMAnon), T., 
959; P., 148. 
Ozone, production of, in the interaction 
between hydrogen dioxide and sulphur 
dioxide (FERRABOSCHI), P., 179. 


P, 


Perchlorates. See under Chlorine. 
Phenol derivatives containing a mobile 
nitro-group, syntheses with (MELDOLA 

and Hay), T., 1033; P., 167. 

Phenols, iodination of (GARDNER and 

Hopgeson), T., 1819. 

Phenols, nitro-, mechanism of reduction 

of (FLURSCHEIM), P., 21. 

Phenylalkyloxyacetic acids, possible 
intramolecular change in the inactive 

(TuRNER), P., 201. 

Phosphorus, atomic 
(PRIDEAUX), T., 445. 

white or ordinary, detection of, in 

igniting composition of lucifer 
matches (THorRPE), T., 440; P., 
73. 

Phosphorus pentabromide, expansion of 
(PRIDEAUX), T., 445. 

Phosphoric acid, alkaloidal phenyl 
p-tolyl esters of (Lurr and 
Kipprne), T., 2002. 

electrical conductivity of (PHILLIPs), 
T., 59. 
isomeric derivatives of (K1pPING and 
LuFF), P., 203. 
resolution of asymmetrical deriva- 
tives of (LuFF and Kipprine), T., 
1993 ; P., 256. 
PHOTOCHEMISTRY :— 
Photosensitive solutions, 
eure on (FLASCHNER), T., 327; 
., 34. 


of 


volumes 


| 
| 


B-Rays, action of, on photosensitive 
solutions (FLASCHNER), T., 327; 
P., 34. 

Refractive power and chemical activity 
of sulphur compounds, relation 
between (CLARKE and SMILgs), T., 
992; P., 145. 

Rotation of optically active compounds, 
effect of solvents on (PATTERSON 
and McDonatp), T., 321; P., 36; 
(PATTERSON and MONTGOMERIE), 
T.; 4196"; P., 361. 

Spectra, absorption, and chemical con- 
stitution, relation between 
(BALY, CoLLIE, and Watson), 
T., 144. 

and constitution of pyridine and 
derivatives, relation between 
(Purvis), T., 294; P., 14. 
and isomeric change, relationship 
between (Lowry and Dgscu), 
T., 807, 1340; P., 18, 192. 
of hydroxyazo - compounds and 
quinonehydrazones (Tuck), T., 
1809 ; P., 230. 
of the nitrates in relation to the 
ionic theory, and influence of 
carbon dioxide on (BALY, 
BurKE, and MARSDEN), T., 
1096; P., 144. 
of sulphonic derivatives of cam- 
phor (Lowry and Descn), 
T., 1340; P., 192. 
Photosensitive solutions. 
Photochemistry. 
Phototropic compound, a new (SENIER 
and SHEPHEARD), T., 441; P., 61. 
Phototropy and thermotropy, studies 
in (SENIER and SHEPHEARD), T., 
1943; P., 246. 


See under 


Phthalic esters, action of the Grignard 


action of | 


Optical activity, effect of contiguous 


unsaturated groups on (HILpITCH), 
T., 331, 1570, 1578; P., 29, 214. 
Optically active compounds, effect 
of solvents on the rotation of 
(PATTERSON and McDona.p), 
T., 321; P., 36; (PATTERSON and 
MontTGoMERIE), T., 1128; P., 151. 
Optically active substances containing 
no asymmetric atom (PERKIN, 


PorE, and WALLACH), T., 1789; 
P., 230. 

Optical properties of a- and y-diketones 
and chemical constitution, relation 
between (SMEDLEY), T., 218; P., 
17, 


reagent on (SHIBATA), T., 1449; P., 
209. 

Phycoerythrin, the pigment of the red 
alge (HANSON), P., 117; discussion, 
FP. 27. 

Physiological action and chemical con- 
stitution in the tropeines, relation 
between (JOWETT and PymMaAn), T., 
1020 ; P., 165. 

Picrates, crystallography of (JERU- 
SALEM), T., 1278. 

Platinum organic compounds (Pore and 
PEACHEY), T., 571; P., 96. 

Potassium double and triple ferro- 
cyanides with magnesium, aluminum, 
and cerium and ammonium (RosBIN- 
son), T., 1853; P., 195. 

Potassium acetate-potassium sulphate, 
system, at 25° (Fox), T., 885: 

., 128. 
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Potassium dichromate, action of, on 
carbonates, nitrites and mixtures of 
carbonates and nitrites, carbonates 
and sulphites, and carbonates and 
sulphides (MARLE),T.,1492; P., 154. 

cobaltinitrite, composition of 
(CUNNINGHAM and PERKIN), T., 
1567. 

permanganate and manganese sulphate, 
reaction between, in acid solution 
(StrKAR and Dutra), P., 249. 

mercuri-iodide solutions, study of 
(Dawson), T., 870; P., 129. 

mercuri-iodide containing camphor 
of crystallisation (MARsH and 
SrruTHErRs), T., 1788. 

Polynitrophenols, constitution of, in 
alkaline solution (BUTTLE and 
Hewitt), T., 1755; P., 231. 

Precipitates, hydration of (PICKERING), 
T., 123; P., 12. 

Prunus serotina, constituents of bark of 
(PowER and Moors), T., 248; P., 27. 

Pyridine compounds, relation between 
constitution and absorption spectra of 
(Purvis), T., 294; P., 14. 

Pyridine bases, miscibility of, with 
water, and influence of a critical- 
solution point on the shape of the 
melting-point curve (FLASCHNER), 
T., 668; P., 71. 

Pyrones and allied compounds, relation 
between absorption spectra and 
chemical constitution of (BALY, 
Cotuiz, and Warson), T., 144. 


Q. 
Quercimeritrin, C.; Hojo. 
isoQuercitrin, Cy, Ho.04o. 
isoQuinoline derivatives (PyMAN), T., 
1266, 1738; P., 190, 230. 


R. 


Racemisation phenomena observed in 
the study of /-benzoin and its deriva- 
tives (WREN), T., 1593; P., 219. 

Radium, table of products 

(Ramsay), T., 627. 
emanation, liquid and solid (Gray 

and Ramsay), P., 82. 
some physical properties of (GRAY 
and Ramsay), T., 1073; P., 161. 

Rays. See under Photochemistry. 

Refractive power. See under Photo- 
chemistry. 

Rotation. See under Photochemistry. 

Rubidium, new method for the detection 
of (BALL), T., 2126; P., 284. 


from 
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Rumex ecklonianus, constituents of 


(TuTIN and CLEWER), P., 302. 


8. 


Saponification. See Hydrolysis under 
Affinity, chemical. 

Satinwood, East Indian (Chloroxylon 
swietenia), chloroxylonine from 
(AuLp), T., 964; P., 148. 

Senecifolic acid, C1)H,,0,. 

Senecifolidine, C,,H.,0,N. 

Senecifoline, C,,.H,,O,N. 

Senecifolinine, C,H,,O,N. 

Senecio latifolius, alkaloids of (WATT), 
T., 466; P., 68. 

Silicates, formation of (Cops), P., 165. 
Silicochloroform, action of, on potassium 
pyrrole (REYNoLDs), T., 508. 
Silicon, preparation of (PRING 

FIELDING), T., 1501; P., 215, 
halides and pyridine, acetonitrile, etc. 
(REYNOLDs), T., 512. 

Silicon ¢ctrabromide, additive compounds 
of, with pyridine, acetonitrile, and 
propionitrile (REYNOLDs), T., 513. 

tetrachloride, benzyl and ethyl deriva- 
tives of (MARTIN and KIPPINGe), 
T3903: F., 2. 

Silicon organic compounds (KIPPING 
and Diva), T. 683 ¥.- -9s 
(REYNOLDS), T., 505, 508, 512. 

Silver, estimation of, in presence of 
mercury (Knox), T., 1768; P., 227. 

Silver cobaltinitrite (CUNNINGHAM and 
PERKIN), T., 1568. 

Sodium, new method for the detection of 
(BALL), T., 2126; P., 284. 

Sodium acetate-sodium sulphate deca- 

hydrate, the system, at 25° (Fox), 
T., 888; P., 128. 
carbonate, spontaneous crystallisation 
of solutions of (Jongs), T., 1672; 
P., 218, 
cobaltinitrite, preparation and com- 
position of (CUNNINGHAM and 
PERKIN), T., 1568. 
sulphite and its equilibrium with 
water (HARTLEY and BARRETT), 
T., 1178; P., 164. 
thiosulphate, chemical dynamics of 
the reactions between, and organic 
halogen compounds (SLATOR and 
Twiss), T., 93. 
spontaneous crystallisation of solu- 
tions of (JonEs), T., 1672; P., 
213. 
cerium ferrocyanide (Rosinson), T., 
1359. 
copper carbonates (PICKERING), T., 
1418; P., 188. 


and 
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Solid solutions. See Solutions, solid. 

Solids, the miscibility of (solid solutions) 
(VANSTONE), T., 590; P., 30. 

Solubility of sparingly soluble acids, 
influence of various sodium salts on 
(PHILIP and GARNER), T., 1466; P., 
212. 
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| Sulphur:— 


Sulphurous acid, constitution of 
(FRIEND), P., 91. 

Sulphates, volumetric estimation of 
(MiTrcHELL and SmiTH), T., 2198; 


P., 291. 


| Sulphur organic compcunds, relation 


Solution, hydration in, and viscosity | 


(DuNsTAN and THOLE), T., 1556; P., 
219. 

Solutions, contributions to the theory 
of (HotmEs and Saceman), T.,, 
1919; P., 231. 

method for investigating dissociation 
equilibria in, and its application to 
the study of aqueous potassium 
mercuri-iodide solutions (DAwson), 
T., 870; P., 129. 
solid, of camphor and borneol, benzil 
and benzoin, and menthone and 
menthol, physical properties of 
(VANsTONE), T., 590; P., 30. 
Solvents, influence of, on the rotation of 


optical y active compounds (PATTER- 


son and McDonatp), T., 321; P., 
36 ; (PATTERSON and MONTGOMERIE), 
T., 1128; P., 151. 
Spectra. See under Photochemistry. 
Steric hindrance, experiments 


between refractive power and chemical 
activity of (CLARKE and SMILEs), T., 
992; P., 145. 

Synthesis, asymmetric, studies in 
(McKenzrg and MU.iErR), T., 544; 
P., 88; (McKeEnzre and HuMPHRIES), 
T., 1105; P., 164. 


T. 


Temperature. See under Thermo- 
chemistry. 

Tephrosia purpurea, a glucoside from 
(CLARKE and BANERJEE), P., 16. 

Terpenes, chemistry of (HENDERSON and 
AGNEW), T., 289; P., 35; (HENDER- 
son and CAMERON), T., 969; P., 


151. 


Thallium cobaltinitrite (CUNNINGHAM 


and PERKIN), T., 1569. 


THERMOCHEMISTRY :— 


with | 


secondary amines with reference to | 


(MELDoLA and Hay), T., 1037; P., 
167. 

Steric influence, a study in (Davis), 
2.5 2007; P., 107. 


Strontium nitrite, molecular volume of | 


(RAy), T., 66. 
Styphnates, crystallography of (JerusA- 
LEM), T., 1278. 
Substance, I1,0,,38S0,, from iodine 
dioxide and sulphur trioxide (Murr), 
T., 660; P., 89. 
1,0,;,2S0,, from iodine pentoxide and 
sulphur trioxide (Murr), T., 662; 
P., 89. 


Sulphates. See under Sulphur. 


Sulphinie acids, aromatic, isolation of | 


(THomAS), T., 342; P., 60. 
Sulphur :— 

Thionyl chloride, action of mercap- 
tans on (TASKER and Jongs), T., 
1910; P., 247. 

Sulphuryl chloride, action of mercap- 
tans on (TASKER and JONEs), T., 
1910; P., 247. 

Sulphur monochloride, action of, on 
salts of organic acids (DENHAM), 
T., 1235; P., 179. 

dioxide, production of ozone in the 
interaction between hydrogen per- 
oxide and (FERRABOosCcHI), P., 179. 

Sulphuric acid, constitution of 

(FRIEND), P., 91. 


Heat of mixture of various liquids 
(PATTERSON and MONTGOMERIE), 
T., 1136. 

Temperatures, high, and high pres- 
sures, apparatus for experiments at 
(THRELFALL), P., 153. 

Ignition temperature of gases (DIXoNn 
and Cowarp), T., 514; P., 67. 


| Thermotropy and phototropy, studies in 


| 
| 


| Thiocarbamides, 


(SENIER and SHEPHEARD), T., 1943; 
P., 246. 

Thespasia lampas, colouring matters of 
flowers of (PERKIN), T., 1855; P., 
248. 

action of hydrogen 
dioxide on (BARNETT), P., 305. 

Triazo-group, the (ForsTER), T., 184, 


433; P., 25, 69; (ForsTER and 
MiLuiER), T., 191, 2072; P., 26, 
291. 


| Triphenylmethane dyes, rate of reaction 


of, with acid and alkali (Srpewick and 
Moore), T., 889; P., 123; (S1pe- 
WICK and Rivett), T., 899; P., 124. 
Tropeines, relation between chemical 
constitution and physiological action 
in the (JowETT and Pyman), T., 
1020 ; P., 165. 
Tungsten, preparation of (PRING and 
FreLvine), T., 1502 ; P., 215. 
volumetric estimation of (KNECHT and 
HispErt), P., 227. 
Tyrosinase, new variety of (GORTNER), 
P., 306. 
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U. 


Unsaturated compounds, theory regard- 
ing the configuration of certain 
(BAKER), P., 2238. 

Unsaturated groups, contiguous, effect 
of, on optical activity (HiLpi1Tcn), T., 
831, 1570, 1578; P., 29, 214. 


V. 


Vanadium, colorimetric estimation of 
small quantities of (GREGory), P., 
232. 

Vapour pressures, meastrement of 
(CuMMING), T., 1772; P., 237. 

Velocity of hydrolysis. See under 
Affinity, chemical. 

Violuric acid, thio-, group, coloured 
salts and derivatives of the (IsHER- 
woop), P., 120. 

Viscosity and association in binary 
mixtures of liquids (SENTER), P., 
292. 

and chemical constitution, relation 
between (DuNSTAN and THOLE), T., 
1556; P., 219. 

and hydration in solution (DUNSTAN 
and THOLE), T., 1556; P., 219. 


Volumes, atomic, of phosphorus (PRI- 
DEAUX), T., 445. 
molecular, of the nitrites of barium, 
strontium, and calcium (RAy), T., 
66. 


W. 


Walden inversion, experiments on the 
(McKenziz and Ciovecn), T., 777; 
P., 70. 

Water, constitution of (PICKERING), T., 
127. 

Weights, correction of, of substances 
weighed in air to weights in a vacuum 
(Scott), P., 286. 

Woods, irritant, examination of (AULD), 
T., 964; P., 148. 


X. 
Xanthens, formation of (Porr and 
Howarp), P., 304. 
Xanthoeridol, C,,H,,0,. 


Z. 
Zirconium metal, analytical investigation 
ef (WEDEKIND and LeEwiIs), T., 456 ; 
P., 60. 


FORMULA INDEX. 


TuE following index of organic compounds of known empirical formula is arranged 
according to Richter’s system (see Lexikon der Kohlenstoff-Verbindungen). 

The elements are given in the order C, H, O, N, Cl, Br, I, F, S, P, and the 
remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C, group, 
C, group, ete.). 

Secondly, according to the number of other elements besides carbon contained in 
the molecule (thus 5 IV indicates that the molecule contains five carbon atoms and 
four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in 
the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) 
present in the molecule. 


Simple metallic salts of acids are indexed under the respective acids. 

Simple salts of bases (for example, hydrochlorides, platinichlorides, and picrates), 
when described for the purpose of further identifying the base, are indexed under 
the latter. 


C, Group. 
CH.0, Formic acid, constitution of (Frienp), P., 91. 


CH,O Methy! alcohol, viscosity-concentration curves for, and water (DUNSTAN 
and THoLE), T., 1559; P., 219. 


CH;N Methylamine, preparation and crystallography of the styphnate (JERv- 
SALEM), T., 1285 ; cobaltinitrite of (CUNNINGHAM and PERKIN), T., 1564. 


1 II 
CH,ON, Carbamide, synthesis of p-urazine from (CHATTAWAY), T., 235; P., 10. 


1 IV 


CH.ON,Cl, Dichlorocarbamide, preparation of (CHarraway), T., 464; 
i 3 


C, Group. 


C.H,0, Acetic acid, action of sulphur monochloride on silver salt of (DENHAM), 
T., 1238 ; P., 179; viscosity-concentration curves for, and water (DUNSTAN and 
THOLE), T., 1559; P., 219. 

C.H,Br, Ethylene dibromide, action of, on methylaniline (DUNLOP and 
JONES), T., 416; P., 61. 

C.H,O Ethyl alcohol, viscosity-concentration curves for, and water (DUNSTAN 
and THOLE), T., 1559; P., 219. 

C.H,N Dimethylamine, preparation and crystallography of the styphnate of 
(JERUSALEM), T., 1285. 

Ethylamine, preparation of cobaltinitrite of (CuNNINGHAM and PERKIN), T., 
1565 ; preparation and ere “sor d of the styphnate of (JERUSALEM), T., 
1287 ; condensation of dimethyldihydroresorcin with (Haas), T., 421; P., 19. 

C,0.Cl, Oxalyl chloride, action of mercaptans on (JonEs and Tasker), T., 
1904 ; P., 247. 
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2 Ill 
C.H,0.S, Dithio-oxalic acid, ammonium, potassium, and potassium nickelo- 
salts (JoNES and TASKER), T., 1906; P., 160, 247. 
C.H,0,S Thio-oxalic acid, potassium salt (Jonzs and TaskER), P., 160. 
C.H,0.Br Bromoacetic acid, interaction of, and its sodium salt, with water 
and with alkali (SrenrER), T., 1827; P., 236. 
C.H,0.N, p-Urazine, synthesis from carbamide (CHATTAWAY), T., 235; P., 10, 
C.H,OC] Monochloromethy!] ether, syntheses with the aid of (SIMONSEN and 
Storey), T., 2106; P., 290. 


2 IV 
C.H,ON,Cl Triazoacetyl chloride (Forster and MistuER), T., 200. 
C.H;ON.Cl, Methyltrichlorocarbamide (CHatraway and Wiwscn), T., 
131. 


C, Group. 


C.H,O Acetone, dynamics of the reaction between iodine and (DAwson and 
LESLIE), T., 1860; P., 246 ; condensation of, with hippuric acid (PERKIN and 
SIMONSEN), P., 164. 

C.H,0. Propionic acid, action of sulphur monochloride on silver salt of 
(DENHAM), T., 1238. 

C,H,O, d-Lactice acid, asymmetric synthesis of (McKENzIEz and Mi..er), T., 
545. 


C;H,O n-Propyl alcohol, viscosity-concentration curves for, and water (DuN- 
STAN and THotr), T., 1559; P., 219. 

C;H,N Trimethylamine, preparation and crystallography of the styphnate of 
(JERUSALEM), T., 1286. 


3 Ill 


C;H,ON, isolminazolone (FENTON and Wizks), T., 1329; P., 192. 

C,H,0C1 Epichlorohydrin, action of potassium hydroxide on, in presence of 
monohydric phenols (Born and Marte), T., 1807; P., 235. 

C,;H,0.Br «a-Bromopropionic acid, interaction of, and its sodium salt, with 
water and with alkali (S—ENTER), T., 1827; P., 236. 

C:H,O,N; Glyceryl trinitrate (nitroglycerin), velocity of decomposition of, by 
heat (RoBERTSON), T., 1241; P., 179. 

C;H,O.N Ethyl carbamate, action of, on esters of organic acids and thiocarb- 
imides (RUHEMANN and PrriEsTLEyY), T., 449; P., 62. 

C;H,0,Sb Methyl antimonite (MacKzy), T., 607; P., 98. 

C;H,CIPt Trimethylplatinic chloride (Popx and Pracuey), T., 575. 

C,H,IPt Trimethylplatinic iodide (Porr and Pracuey), T., 571. 

C;H,OPt Trimethylplatinic hydroxide (Porg and Pracuey), T., 573. 


8 IV 


C,H;ON.Cl,; Ethyltrichlorocarbamide (CHAarraway and Winscu), T., 133. 
C,H,O.N.Cl Acetylchlorocarbamide (CHatraway and Winscn), T., 129. 
C,H,ON.Cl, Ethyldichlorocarbamide (CHaTraway and Wiwnscu), T., 132. 
s-Dimethyldichlorocarbamide (CHATTAWAY and Winscn), T., 131. 
as-Dimethyldichlorocarbamide (CHATTAWAY and Wtnscn), T., 182. 
C;H,,No.IPt Diamminotrimethylplatinic iodide (PorE and PEacuky), 


- , 
C;H,,0,N.Cl, 8:9-Dichioro-7:10-dianilino-1:6-dihydroxynaphthacene- 
quinone (Harrop, Norris, and WEIZMANN), T., 288. 
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C, Group. 


C,H;N Pyrrole, preparation of, and action of silicochloroform on the potassium 
derivative of (REYNoLDs), T., 508. 

C,H,O, d-a-Methylglycidic acid, potassium salt (Kay), T., 563; P., 90 

C,H,O, Tartaric acid, substituted amides of — and NEVILLE), P., 226; 
resolution of the dl-ac:d (K1ppr1nG), T., 412; P., 

C,H,0, d-a-Methylglyceric acid, conversion ae vl -amino-a-hydroxyisobutyric 
acid into, and potassium salt of (Kay), Ee, DOO; P., 00. 

C,H,,O Ethyl ether, influence of water ‘and aleshol on the boiling point of 
(WADE and FINNEMORE), T., 1842; P., 236. 

C,H,,N Diethylamine, cobaltinitrite of (CuNNINGHAM and PErkin), T., 1565 


4 Ill 
CERES, Teeentotngtgaenaion, reactions of (DE Movi.riep and Rv Lez), T., 
aes Fy tu 

C,H,0,N, Violuric acid, colour of aqueous solutions of (DoNNAN and 
ScHNEIDER), T., 956; P., 148. 

C.H,0.N. Barbituric acid, constitution of the salts of (Woop and ANDERSON), 

> Ores t., Ve 

CHO’, Triasescetic anhydride (Forster and Mi.uer), T., 201. 

C,H,O.N, Triazoethyl triazoacetate (Forster and MULLER), T., 200. 

C,H,0.S. Methyl dithio-oxalate (Jonxrs and Tasker), T., 1906; P., 247. 

C,H,0,S. Substance, from action of sulphur monochloride on silver acetate 
(DEnuHAM), T., 1238. 

C,H,O.N, /-a-Triazobutyric acid (Forsrer and Mi.uzr), T., 195. 

C,H,0O.Br a-Bromobutyric acid, interaction of, and its sodium salt, with water 
and with alkali (SENTER), T., 1827; P., 236. 

C,H,O.N; a-Triazobutyric acid, and its silver salt, and resolution of (ForsTER 
and MUtiiEr), T., 193. 

a-Triazoisobutyric acid, and its potassium and silver salts (Forster and 

MU.uER), T., 196. 

C,H,O,N Ethyl formylearbamate (RUHEMANN and PrigstieEy), T., 454; P., 
62. 


C,H,O;N, Ureidomalonamide (Woop and AnpErson), T., 982; P., 154. 

C,H,0.Br d-8-Bromo-a-methyl-lactic acid (d-8-bromo-a- hedreaglasbutyerte acid 
(Kay), T., 562; P., 90. 

C,H,ON, a- and /-a-Triazobutyramide (Forsrer and Mi.uer), T., 194. 

a-Triazoisobutyramide (Forsrer and MULiER), T., 197. 

C,H,O,N d-8-Amino-a-hydroxyisobutyric acid (d-a-methylisoserine), con- 
version of, into d-a-methylglyceric acid (Kay), ‘I’., 560; P., 90 

C,H,NPt Trimethylplatinic cyanide (Pore and Peacuey), T., 576. 

C,H,,OSi Diethylsilicone (Martin and Krrrine), T., 313; P., 28. 

+. ethoxide, and condensations by (PERKIN and Prart), T 
161 

Capes Dimethyl dithiodiglycollate, preparation of (Pricz and Twiss), 

1491; P., 211. 


4 IV 


C,H,0,N;S Thiovioluric acid, and its metallic salts (IsHzRwoop), P., 120. 
C,H,N.Br,Si Substance, from silicon tetrabromide and acetonitrile (REYNOLDS), 
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C; Group. 

C;H;N Pyridine, relation between constitution and absorption spectra of (PURVIS), 
T., 294; P., 14. 

C;H,0; Dimethylpyruvic acid (PERKIN and Simonsen), P., 164. 

C;H,0; «8-Dihydroxy-y-methoxybutyric acid, from oxidation of methyl 
leevulose (IRVINE and Hynp), T., 1226; P., 176. 

C;H,,N isoAmylamine, action of, on cis-a8-dibenzoylstyrene (SMEDLEY), T., 220. 


5 Ill 
C;H,O.N, Acetyl] derivative of isoiminazolone (FENTON and WILKs), T., 1382. 
C;H,O.N Ethyl cyanoacetate, action of thiocarbimides on (RUHEMANN), T., 


117 ; P., 14; condensation of sodium derivative of, with ketones and aldehydes 
(Haworts), T., 480; P., 76 ; (GARDNER and Haworrtn), T., 1955; P., 250. 


C;H,O.N; a-Triazoisovaleric acid,and its silver salt (ForsTER and MULLER), T. 
198. 


C;H,O;N Oxime of dimethylpyruvic acid (Perkin and Simonsen), P., 164. 

C;H,,ON, a-Triazoisovaleramide (Forsrer and Mier), T., 199. 

CsH0.N, Hydrazone of dimethylpyruvic acid (PERKIN and SIMONSEN), 
-» 164, 


5 IV 
C;H,O.NS Ethyl thiocyanoacetate, preparation of (RUHEMANN), T., 119. 
C;H,,ON.Cl, s-Diethyldichlorocarbamide (Cuatraway and Wiwnscn), T., 
133. 


C, Group. 


C;H, Benzene, space formule for (Suipara), T., 1450; P., 209. 
6 II 


C,H,O, p-Benzoquinone, absorption spectra of, in the state of vapour and in 
solution ; constitution of (HARTLEY and LEONARD), T., 34. 

C,;H,O, Resorcinol, condensation of benzaldehyde with (Porz and Howarp), P., 
304. 


Quinol, absorption spectra of (HARTLEY and LEONARD), T., 34. 
C,H,O,; Hydroxymethylfurfuraldehyde, constitution of (Fenton and Rosiy- 
son), T., 1338. 
C,H,0, Dihydroxydiketoadipiec acid (Ferrasoscnt), T., 1252; P., 178. 
C,H;N Aniline, cobaltinitrite of (CuNNINGHAM and PERKIN), T., 1565. 
"3 eae absorption spectra of, and of its hydrochloride (Purvis), T., 296 ; 
a 84. 

y-Picoline, preparation of (FLAScCHNER), T., 670. 

C,;H,0, cycloButane-1:3-dicarboxylic acid, and some of its derivatives (PERKIN 
and SIMONSEN), T., 1166; P., 178. 

C;H,;N, Adiponitrile, preparation of, and conversion into 1-imino-2-cyanocyclo- 
pentane (THorrPE), T., 1902; P., 244. 

1-Imino-2-cyanocyclopentane (Best and Tuorrg), T., 709; P., 93; forma- 
tion of, from adiponitrile (THorrr), T., 1903; P., 244, 

Phenylhydrazine, action of potassium hypochlorite, and hypobromite, acetyl- 
chloro-amino-2:4-dichlorobenzene, hypobromous acid, and bromine on (CHATTA- 
way), T., 1070; P., 147. 

C,H,N 8-methyl-6-ethylacrylonitrile (GArpNER and Haworrn), T., 1961. 
CcH,.0 Pe cite manele preparation of (Best and TuorPe), T., 703 ; 


C;H,,0. 8-Methyl-8-ethylacrylic acid (GARDNER and Haworrn), T., 1962. 
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C,H,0; Ethyl acetoacetate, action of monochloromethyl ether on the sodium 
erivative (SIMONSEN and Storey), T., 2106 ; P., 290; anomalous viscosity of 
(THOLE), P., 198. 
Propionic anhydride, preparation of (DENHAM), T., 1238 ; P., 179. 
C;H,,0, Ethyl oxalate, action of Grignard’s reagent on (INGLIs and Mason), 
“3 
Adipic acid, formation of 1-phenylpyrrolidine-2:5-dicarboxylic acid from (LE 
Sueur), T., 273; P., 36. 
Methoxy-8-methoxycrotonic acid, and its silver salt (SIMONSEN and 
Storey), T., 2109. 
CHO. Mucic acid, oxidation of, in presence of iron (FERRABOSCHI), T., 1248 ; 
., 178. 
— acid, oxidation of, in presence of iron (FERRABOSCHI), T., 1252 ; 
., 178. 
CsH10.. Dihydroxymucic acid (Ferraposcui), T., 1252; P., 178. 
C,H, Br Bromocyclohexane, action of, on ethyl sodiomalonate (Horr and 
PERKIN), T., 1860; P., 207. 
C,H,.0; Ethyl a-hydroxyisobutyrate, preparation of (PARRY), P., 305. 
Collis, Glucose, mutarotation of, and its nitrogen derivatives (GiLMoUR), P., 
225. 
C,H;;N Triethylamine, preparation and crystallography of the picrate and 
styphnate of (JERUSALEM), T., 1281. 


6 III 
C,HO.N, 2:3:5-Trinitroquinonediazide (MELpoLA and Hay), T., 1383; P., 
208. 


C;,HNC], Hexachloro-a-picoline, absorption spectrum of (Purvis), T., 298. 

C,H.O,N, Dinitrohydroxyquinonediazide, and its sodium derivative (MEL- 
DOLA and Hay), T., 1384. 

C;H;,0,N; Picric acid, morphotropic relationships between the derivatives of 
(JERUSALEM), T., 1275; P., 201. 

2:3:5-Trinitrophenol, preparation, properties, and metallic derivatives of 

(MELDOLA and Hay), T., 1382. 

C,H;0,N; Trinitroresorcinol (styphnic acid), crystallography of (JERUSALEM), 
T., 1278. 

C;H,O,N, 2:3:5-Trinitro-4-aminophenol, preparation and properties of (MEL- 
DOLA and Hay), T., 13878; P., 207. 

C;,H;,0O.N Nitrobenzene, reduction of (PERKIN and Prarr), T., 165; anomalous 
viscosity of (THOLE), P., 198. 

C,H;0.Cl1 Chloromethylfurfuraldehyde, new method of preparation of 
(FENTON and Rosrnson), T., 1339. 

C,H;N.Cl Benzenediazonium chloride, determination of the rate of decom- 
position of (LAMpLoUGH), P., 165. 

C.H;N.Br, Tribromophenylhydrazine, preparation and properties of (CHAT- 
TAWAY), T., 865; P., 120. 

C;H,O.S Benzenesulphinic acid, ferric salt, reactions of (Tuomas), T., 343. 

C;H;,NBr y-Bromoaniline, cobaltinitrite of (CuNNINGHAM and PERKIN), T., 
1566. 

C;H,ON 2-Cyanocyclopentan-l-one, and its sodium derivative (Best and 
TuHorPeE), T., 709; P., 93. 

C.H,0,Br, «83-Tribromobutane-88-dicarboxylic acid (PERKIN and Simon- 
SEN), T., 1173. 

C;H,O.N 5-Cyanovaleric acid, preparation of, and its silver salt (Best and 
THORPE), T., 710; P., 94. 

CEG a-Bromobutane-8d-dicarboxylic acid (PERKIN and SIMONSEN), 

., 1174. 
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CoH02S: Ethyl dithio-oxalate, preparation of (Jonzs and TASKER), T., 1905 ; 

., 247. 

C,H,,0,S, Substance, from action of sulphur monochloride on silver propionate 
(DENHAM), T., 1238. 

C,H,,ON, Semicarbazone of cyclopentanone (BEst and Tuorps), T., 702. 

C,;H,O.N Piperidylformanilide (RuHEMANN), T., 119. 

C;H,,0.N; Ethyl] a- and /-a-triazobutyrate (Forster and Miuuer), T., 194. 

Ethyl] a-triazoisobutyrate (Forster and Mé.uERr), T., 197. 

C;H,,0,N; Semicarbazone of dimethylpyruvic acid (Perkin and Simon- 
SEN), P., 164. 

C,H,;0,Sb Ethyl antimonite (MacKey), T., 607; P., 98. 


6 IV 
C.H,0,NC1, 2:3:4-Trichloropicolinic acid, absorption spectra of (PuRvis), 
# ‘ 
CcH,ON,Cl, 2:3:4-Trichloropicolinamide, absorption spectrum of (PuRvIs), 
ey 298. 
C,H;0,I,8 2:3:5-Tri-iodobenzenesulphonic acid (+ 3H,0), and its metallic 
salts (BoyLE), T., 1713; P., 35. 
2:4:5-Tri-iodobenzenesulphonic acid, and its metallic salts (Boxe), T., 
1715; P., 35. 
3:4:5-Tri-iodobenzenesulphonic acid, and its metallic salts (BoyLE), T., 
1710; P., 35. 
C,H,0,I,8 2:4-Di-iodobenzenesulphonie acid, andits metallic salts (BoyLE), 
T., 1710; P., 85. 
2:5-Di-iodobenzenesulphonic acid (and + 3H,O), and its metallic salts and 
their solubilities (BoyLE), T., 1701; P., 35. 
3:4-Di-iodobenzenesulphonic acid (and +H,0), and its metallic salts 
(BoyLE), T., 1695; P., 35. 
. ee es acid, and its metallic salts (BoyLe), T., 1704; 
., 35. 
C;H;0,IS LIodobenzene-m-sulphonic acid, sodium salt of (BoyLE), T., 1694. 
C H;0;N.Na; Substance, from tetraketopiperazine and sodium ethoxide (DE 
MOUILPIED and Ruts), T., 550; P., 71. 
CoH,0.SPt, Trimethylplatinic sulphate (+2H,0O) (Pore and PEAcHEY), ° 
1, 575. 


6V 
C,;H.0.C1I,S 2:3:5-Tri-iodobenzenesulphonyl chloride (Boyte), T., 1714. 
2:4:5-Tri-iodobenzenesulphony! chloride (BoyLs), T., 1716. 
3:4:5-Tri-iodobenzenesulphonyl] chloride (Boyur), T., 1712. 
C,H;0.C1I,S 2:4-Di-iodobenzenesulphonyl chloride (Bortz), T., 1710. 
2:5-Di-iodobenzenesulphonyl chloride (Boyzg), T., 1703. 
3:4-Di-iodobenzenesulphony! chloride (Boyze), T., 1697. 
3:5-Di-iodobenzenesulphonyl chloride (Boyteg), T., 1707. 
CoH, 0.C1s1.S 2:5-Di-iodobenzene-sulphonyl] chloride dichloride (BoyLE), 
T., 1704. 
CcH,0,N21S Diazo-anhydride of iodoaniline-p-sulphonic acid (Boyt), 
-» 1694. 


C;H,0,NI,;S 2:3:5-Tri-iodobenzenesulphonamide (Boys), T., 1714 
2:4:5-Tri-iodobenzenesul phonamide (Boye), T., 1716. 
3:4:5-Tri-iodobenzenesulphonamide (BoyLe), T., 1712. 

C,H,0;NIS 5-Iodo-2-nitrobenzenesulphonic acid, potassium salt of (BoYLEz), 

Esp 4700 
2252 


FORMULA INDEX. 6 V—7 Ill 


C,H,0.NI.S 2:4-Di-iodobenzenesulphonamide (BoyLs), T., 1710. 
2:5-Di-iodobenzenesulphonamide (Boy ez), T., 1704. 
3:4-Di-iodobenzenesulphonamide (Boye), T., 1697. 
3:5-Di-iodobenze nesulphonamide (Bortz), T., 1707. 

C,H,O,NIS m-Iodoaniline-p-sulphonic acid (Boyuz), T., 1709. 
p-lodoaniline-o-sulphonic acid (Boye), T., 1699. 


C, Group. 
C.H,O Benzaldehyde, condensation of resorcinol with (Popz and Howarp), P., 
304 ; oxidation of hydroxy-derivatives of (DAKrIN), P., 194. 


C;H,0. Benzoic acid, action of sulphur monochloride on sodium salt of 
(DENHAM), T., 1237; P., 179. 


C,H,N Methyleneaniline, action of, on p-tolylthiocarbimide (SenrER and 
SHEPHEARD), T., 505. 


C;-H,N Methylaniline, action of ethylene dibromide on (DuNLoP and Jonzs), 
te, 4162 FP. GI. 
m-Toluidine, preparation and crystallography of the picrate of (JERUSALEM), 
T., 1284. 
p-Toluidine, cobaltinitrite of (CUNNINGHAM and PERKIN), T., 1566. 


C;H,0; cycloHexanone-3-carboxylic acid, synthesis of (Dosson, Frrns, and 
PERKIN), T., 2010; P., 263. 


Cee, Path hepenppnneryinattatte (GARDNER and Haworrna), T., 
1963. 


68-Diethylacrylonitrile (GARDNER and Haworrn), T., 1965. 
C,H,,0 2:5-Dimethy lcyclopentan-l-one, preparation of (Best and THORPE), 
T., 705; P., 93. 
2-Ethy leyclopentan-l-one (Best and THorpe), T., 713; P., 93. 
CHO, 8-Methyl-6-propylacrylic acid (GarpNER and Haworrn), T., 
63. 


C;H,,0, Ethyl dimethylpyruvate (PERKIN and SimonsEn), P., 164. 


C,H,,.0, «-Methyladipic acid, formation of, from 5-cyanohexoic acid (BEST 
and THorPeE), T., 712; P., 93. 


Ethyl malonate, action of thiocarbimides on (RUHEMANN), T., 117; P., 14; 
action of bromocyclohexane and of 4-bromo-1-methylcyc/ohexane on the sodium 
derivative of (Horr and PERKIN), T., 1860; P., 207. 


C,H,;Br 4-Bromo-l-methyleyclohexane, action of, on ethyl sodiomalonate 
(Hore and Perkin), T., 1360; P., 207. 


C;H,,0, Methyl levulose, and its derivatives (IRvinE and Hywnp), T., 1220 ; 
z, 176, 


7 Ill 
C,H;O.N 3:4-Dihydroxybenzonitrile (protocatechuonitrile) (Ewtns), T., 
1488 ; P., 210. 
©,H;O,N 4-Nitro-1:2-methylenedioxybenzene, formation of, from piperonal 
(SaLway), T., 1163 ; (PERKIN, RoBINson, and THomAs), T., 1980. 
nee 5-Nitro-l-hydroxy-2:3-methylenedioxybenzene (Sautway), T., 


C,H;NS Phenylthiocarbimide, action of diphenylmethylenediamine on 
(SENIER and SHEPHEARD), T., 498. 


C,H,ON, p-Triazobenzaldoxime (Forster and Dunn), T., 430. 
1-Hydroxy-5-phenyltetrazole (Forster), T., 186; P., 25. 
C,H,OCl Benzhydroximic chloride, interaction of sodium azide and (Fors- 
TER), T., 184; P., 25. 
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C,H,ON Benzamide, action of phosphorus pentachloride on (TITHERLEY and 
WorRALL), T., 1143; P., 150. 
C,H,O,N Trihydroxypyridylacetic acid (Brest and TuorpE), T., 1528. 
C,H,0.S o-Toluenesu!lphinic acid, ferric salt, reactions of (THomas), T., 343. 
p-Toluenesulphinic acid, ferric salt, reactions of (THomas), T., 344. 
C,H,0O,N, Glutazylacetic acid (Brsr and Tuorps), T., 1528. 
C,H,ON 2-Cyano-2-methyleyclopentan-l-one (Brest and Tuorpe), T., 711; 


ba 


ra, Petetesshasene of 2-cyanocyclopentan-l-one (Best and THORPE), 


C,H,,0,N 8-Cyanohexoic acid, and its silver salt (Best and THorps), T. 712. 

C,H,,0,N 4-Oximinocyclohexanecarboxylic acid, optically active (MILLS 
and Barn), P., 177. 

C,H,,0.N, Ethyl a-triazoisovalerate (ForsTER and Mier), T., 198. 


7 IV 

C,H,O.NCl, Methyl 2:3:4-trichloropicolinate, absorption spectrum of 
(Purvis), T., 299. 

C,H,ONC] m-Chloroformanilide (Davis), T., 1398. 

C,H,O.NS Nitrobenzyl mercaptan (0-, m-, and p-), preparation of (Pricr 
and Twiss), T., 1725; P., 232. 

C,H,O.N;S Methanesalphonyl-p-phenylenediazoimide (Morcan and 
PicKaRp), P., 301. 

C,H,0,SSe Benzyl selenosulphuric acid, potassium salt (Prick and JonEs), 
‘Neg 20003 F., 204. 

ae ay Benzoylphosphamic acid (TirHeritey and Worra.t), T., 1153; 

., 150. 


C,H,N,KPt, Potassium trimethylplatinie platinocyanide (PorE and 
PEACHEY), T., 576. 

C;H,,O.N29S Methanesulphonyl-p-phenylenediamine (MoreGan and Pick- 
ARD), P., 301. , 


7V 
C,H;ONC],P «-Chlorobenzylidenephosphamic chloride (TITHERLEY and 
WorPALL), T., 1149; P., 150. 
C,H,O.NCI].P Benzoylphosphamic chloride (TirnertEY and WorRALL), 
T., 1151; P., 150. 
C,H,O,NSSe Nitrobenzyl selenosulphuriec acid (o-, m-, and p-), potassium 
salts (Price and Jongs), T., 1729 ; P., 234. 


C, Group. 
CzHj. 1:1-Dimethy]l-a*.5-cyclohexadiene, the so-called, of Harries and Antoni 
(CrossLEy and REenovuF), T., 930; P., 145. 
8 Il 


C,H,0, Benzoylformaldehyde, refraction of (SMEDLEY), T., 218; P., 17. 

C,H,O; Piperonal, action of nitric acid on (SaLway), T., 1163. 

CoH,0s 3:4-Dihydroxyphenylglyoxylic acid (+H,O) (Barcrr and Ewins), 
-, 560. 


C,H,O Acetophenone, oxidation of hydroxy-derivatives of (DAKIN), P., 194. 
C,H,0O. Phenylacetic acid, action of sulphur monochloride on silver salt of 
(DENHAM), T., 1239. 
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C.H,O, Toluic acid (o-, m-, and p-), action of sulphur monochloride on silver 
salts of (DENHAM), T., 1239. 

C.H,O; Mandelic acid, resolution of (K1ppinc), T., 414; P., 56; formation 
of the d-acid from amygdalin (Turin), T., 667; P., 118; asymmetric syn- 
thesis of the /-acid (McKENzIr and Humpueriss), T., 1105 ; P., 164. 

C.H,O, 4-Hydroxy-o-toluic acid, reduction of (BAvpIscH, Hispert, and 
PERKIN), T., 1870; P., 249. 


ae eee acid, reduction of (BAUDIscH and PERKIN), T., 1883; 
-, 249. 


og ear eteinte acid, reduction of (MELDRUM and PERKIN), T., 1889; 
», 249 
’ 


C,H,O, 3:4-Dihydroxymandelic acid, and its salts (BARGER and Ewrns), T., 
557. 


C,sH,N m-Aminostyrene, hydrochloride (Turin, Caron, and Ham), T., 2125. 
C,H,Cl a-Chloro-8-phenyle thane, preparation of (BARGER), T., 2194. 
C,H,,0, Lactone of 1-methyl-A®-cyclo-hexen-4-01-2-carboxylic acid (Bav- 
DISCH, HIBBERT, and PERKIN), T., 1881. 
C,H,,0, cis-Norpinic anhydride (PERKIN and SimonsEN), T., 1176. 
CsH20, | cycloHexylideneacetic acid, formation of (Hope and Prrxry), T., 
66. 


Lactone of cis-l-methyl-cyclohexan-2-0l-6-carboxylic acid (BAupIscH 
and PERKIN), T., 1888. 

Lactone of cis-1-methy]-cyclohexan-3-ol-5-carboxylic acid (MELDRUM and 
PERKIN), T., 1898; P., 249. 

Dimethyldihydroresorcin, condensation of, with ethylamine (HAAs), T., 
421; P., 19. 

C.H,,.0, Ethyl cyclopentanone-2-carboxylate, preparation of (Dosson, 

Ferns, and PERKIN), T., 2015. 

1-Methyleyclohexan-2-one-6-carboxylic acid (Baupiscu and PERKIN), T., 
1886 

1-Methyleyclohexan-3-one-5-carboxylic acid (MeLpRuM and Perkin), T., 


1-Methyl-A®-cyclohexen-4-0l-2-carboxylic acid (BAupiscH, HipBErT, and 
PERKIN), T., 1882; P., 249. 
C.H,,0, trans-Norpinic acid (PERKIN and Simonsen), T., 1177. 
C.H,.0, Pentane-ade-tricarboxylic acid (+4H,O) (Dozsson, Ferns, and 
PERKIN), T., 2013. 


C.,H,,0 Methylheptenone, action of dehydrating and of oxidising agents 
on (CrossLEY and RENovF), T., 935. 


C;H,,0, cycloHexylacetic acid (Hore and Perkin), T., 1364. 
C.H,,0,; d-Amyl pyruvate (McKenziz and Miter), T., 545. 
1-Methyleyclohexan-2-0l-6-carboxylic acid (cis- and ¢rans-) (BAUDISCH and 
PERKIN), T., 1887; P., 249. 
1-Methy leyclohexan-3-0l-5-carboxylic acid (cis- and trans-) (MELDRUM and 
PERKIN), T., 1897; P., 249. 
1-Meth~leyclohexan-4-0l-2-carboxylic acid (cis- and trans-, A and B) 
(BAuD1ccH, H1BBERT, and PERKIN), T., 1877; P., 249. 
C;H,,0, a5-Dimethyladipic acid, preparation of (Brest and Torre), T., 707. 
a-Ethyladipic acid, formation of, from 5-cyanoheptoic acid (Brest and 
TuHorPE), T., 714; P., 93. 
— methoxy-8-methoxy-crotonate (SIMONSEN and Srorgy), T., 2109; 
., 290 


C,H,,0; Methoxymethyl methoxy-8-methoxycrotonate (SIMONSEN and 
Storey), T., 2110. 
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C.H,,0, Ethyl tartrate, rotation of, in benzaldehyde and in quinoline (Par- 
TERSON and McDona bp), T., 321; P., 36; rotation of, and cryoscopic experi- 
ments on (PATTERSON and MONTGOMERIE), T., 1180. 

C,H,,0, Methyl methylfructoside (Irvine and Hynp), T., 1227. 


8 Ill 


C,H,O,N 3:4-Carbonyldioxybenzonitrile (Ewrns), T., 1488; P., 210. 
C.H;0.Cl, 3:4-Dichloromethylenedioxybenzyl chloride (Ewrys), T., 
1485; P., 210. 
CH.ON 3:4-Methylenedioxyphenylglyoxylonitrile (Ewrns), T., 1487; 
-, 210. 


C.H;0,Cl 3:4-Carbonyldioxybenzyl chloride, preparation of (EwIns), T., 
1485; P., 210. 

C.H,O.N, 2:3:5-Trinitro-4-acetylaminophenol, interaction of, with amines 
(Me.pona and Hay), T., 1033 ; P., 167 ; potassium and sodium salts (MELDOLA 
and Hay), T., 1380. 

C.H,ON d-Benzaldehydecyanobydrin, synthesis of (AvLD), T.,927 ; P., 62. 

Indoxyl, condensations of, with aldehydes (PERKIN and Tuomas), T., 795; P., 
125; oxidation of solutions of (THoMAsS, BLoxAm, and Prerxtin), T., 842; P., 
126. 

C.H,0.Cl d-Phenylchloroacetic acid, preparation of, and conversion of, into 
mixtures of 7- and /-mandelic acids, and r- and J-phenylaminoacetic acids 
(McKEnzIE and CLoven), T., 782. 

1-Phenylchloroacetic acid, conversion of, into mixtures of r- and d-, and r- 
and /-mandelic acids, and r- and d-, and r- and /-phenylaminoacetic acids 
(McKeEnziE and Cioven), T., 788; P., 70. 

w-Chloro-p-hydroxyacetophenone, preparation of (Turin, Caton, and 
Hann), T., 2117. 

C.H.0;N 5-Nitro-l-methoxy-2:3-methylenedioxybenzene (SatwaY) T., 
1161; P., 160. , 

C.H,O,N;, 3:4:5-Trinitro-o-xylene (CrossLEy and Renovr), T., 204. 
3:4:6-Trinitro-o-xylene (CrossLEy and REenouF), T., 204. 

C,H,NS p-Tolylthiocarbimide, action of methyleneaniline on (SENIER and 

SHEPHEARD), T., 505. 

C.,H,ON, Triazoacetanilide (Forster and Miter), T., 201. 

C,H,0,N. 3:4-Dinitro-o-xylene (CRrosstEy and Renovr), T., 204. 
8:5-Dinitro-o-xylene (CRossLEY and RENovF), T., 204. 
3:6-Dinitro-o-xylene (CrossLEY and REenovr), T., 204. 
4:5-Dinitro-o-xylene (CrossLEy and RENovF), T., 204). 

C;H,0;S 5-Sulpho-m-toluic acid (+2H,0), and its salts (MELDRUM and 

PERKIN), T., 1893. 

C,H,ON Acetanilide, chlorination of (Jonzs and Orron), T., 1056; P., 146. 

C.H.0.N Phenylaminoacetic acid (d- and J-), action of nitrous acid on, and 
— of, into phenyl-halogen-acetic acids (McKENzIE and CLoven), T., 

d-Mandelamide (Wren), T., 1583; P., 219. 

3-Nitro-o-xylene (CrossLEy and Renovur), T., 204. 

4-Nitro-o-xylene (CrossLEy and RENnovF), T., 204. 

| oe lili ata aaaaaaaa (TuTIn, Caton, and Hann), T., 2120; 

C;H,O,N 5-Amino-l-methoxy-2:3-methylenedioxy benzene, and its hydro- 
chloride (SALWAy), T., 1162. 

C,HyO,N 4-Nitroveratrole, formation of, from vanillin methyl ether (SALWAY), 


"9 
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C.,H,O.N, p-Nitrophenylethylamine, and its hydrochloride (BArcER and 
WALPOLE), T., 1723. 
C.H,,0,Br, 1:3-Dibromonorpinic acid (PERKIN and Simonsen), T., 1177. 
C,H, ON y-Hydroxyphenylethylamine, isolation and synthesis of (Bar- 
GER), T., 1123; P., 162; further syntheses of (BARGER and WALPOLE), T., 
1720; P., 229; and its hydrochloride (TuTIN, Caton, and Hany), T., 2123, 
2-Cyano-2:5-dimethyleyclopentan-l-one (Best and Torre), T., 706. 
2-C yano-2-ethyleyclopentan-l-one (Brst and Tuorre), T., 713. 
CsH,0.N a-Cyano-B8-diethylacrylic acid (GarpNer and Haworrn), T., 
1965. 


B-p-Dihydroxy-8-phenylethylamine, and its hydrochloride (Turin, Caton, 
and Hann), T., 2120; P., 289. 

Senicifolinine, salts of (Watt), T., 473; P., 68. 

C;H,,0,N 5-Cyanobutylmaloni: acid, and its silver salt (Best and THorpsr), 
» ae 

C,H,,0,Br; Methyl a8s-tribromo-butane-85-dicarboxylate (PERKIN and 
Simonsen), T., 1173. 

C,H,,.ON, Semicarbazone of 2-cyano-2-methyleyclopentan-l-one (Brest and 
THoRPE), T., 711. 

C.H,,0.Br, 1:4-Dibromo-l-methyleyclohexane-2-carboxylic acid (BaAv- 
pDIScH, HIBBERT, and PERKIN), T., 1882. 

C.H,.0,Br, Methyl a5-dibromoadipate (Le Sueur), T., 276; P., 36. 

C.H,,0N, Semicarbazone of 1-methyl-A'-cyclohexen-3-one (SIMONSEN and 
Storey), T., 2112. 

C.H,,0.N 8-Cyano-a-methylhexoic acid, preparation of, and its silver salt 
(Best and TuHorPe), T., 706. 

§-Cyanoheptoic acid and its silver salt (Bes, and Tuorps), T., 713. 

C.H,,0.Br 4-Bromo-l-methyleyclohexane-2-carboxylic acid (cis- and trans- 
A) (BaupiscH, H1pBert, and PERKIN), T., 1878. 
5-Bromo-l-methyleyclohexane-3-carboxylic acid (cis- and trans-) (MEL- 
pRUM and PERKIN), T., 1898. 
cis-6-Bromo-l-methy leyclohexane-2-carboxylic acid (BAUDIScH and Prr- 
KIN), T., 1889. 
C.H,,0,N 3-Oximino-l-methy leyclohexane-5-carboxylic acid (MELDRUM 
and PERKIN), T., 1900. 
C.H,,0.S, Propyl dithio-oxalate (Jones and Tasker), T., 1906; P., 247. 
C.H,,0,S, oa-Dithiodibutyric acid, preparation of (Price and Twiss), T., 
1052; P., 165. 
a-Dithiodiisobutyric acid, preparation of (Pricz and Twiss), T., 1054; P., 
165. 
C;H,,ON Tropine, affinity values of, and its derivatives (VeLEY), T., 1; con- 
figuration of (BARROWCLIFF and TuTIN), T., 1966; P., 256. 

y-Tropine, configuration of (BARROWCLIFF and TuTIN), T., 1966; P., 256. 

C;H,,ON, Semicarbazone of 2:5-dimethyleyclopentan-l-one (Best and 
THorPE), T., 706. 

Semicarbazone of 2-ethyleyclopentan-l-one (Bzst and Tuorps), T., 713. 
C,H,,0,8 Diethoxythioxan (CLARKE and Smivzs); T., 992; P., 145. 
C;sH»NBr Tetracthylammonium bromide, molecular weight of (Scorr), 

T., 1200; P., 173; (THorPE), P., 285. 


8 IV 
C.H.0.NC1, 3:4-Dichloromethylenedioxy benzonitrile (Ewrns), T., 1487; 
oy 220. 
C;H,ONC], Acetylchloroamino-2:4-dichlorobenzene, action on phenyl- 
hydrazine (CHATTAWAY), T., 1071; P., 147. 
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C;H,0,N.Cl, 3:5-Dichloro-4:6-dinitro-o-xylene, preparation from 4:6-dinitro- 
o-xylene (CRossLEY and REnovrF), T., 209. 

C,H,ON.Cl, Benzyltrichlorocarbamide (Cnarraway and Wétwscn), T., 
134. 


C,H,0O.N.Cl Benzoylchlorocarbamide (CHAaTraway and Winscn), T., 130. 
2-Chloro-4-nitrosoacetanilide (Catn), T., 716; P., 123. 

C,H,0,I,8 Ethyl 2:3:5-tri-iodobenzenesulphonate (Boyts), T., 1714. 

C,H,ONC] Chloroacetanilide, melting-point curves of mixtures of o- and p- 

(JONES and Orton), T., 1059. 

C,H,ON.Cl, Benzyldichlorocarbamide (CHatraway and Wiinscn), T., 134. 

C,H,O,.NC1 a-Chloro-8-p-nitrophenylethane (BARGER), T., 2196. 

C,H,0,I,8 Ethyl 3:4-di-iodobenzenesulphonate (Boyte), T., 1698. 

C,H,ON.Cl Benzylchlorocarbamide (CuatTraway and Wiéwnscn), T., 134. 
2-Chloro-4-aminoacetanilide (Cary), T., 716; P., 123. 


C, Group. 


C,H,O; 3:4-Methylenedioxyphenylglyoxylic acid, preparation of (Ban- 
GER and Ewrns), T., 555. 

C,H,0, Cinnamic acid, configuration of (BAKER), P., 223 ; halogen derivatives 
of (JAMEs and SupBorovuGH), T., 1538; P., 211. 

Phenyl methyl diketone, refraction of (SMEDLEY), T., 218; P., 17. 

C,H,0O, Myristicinaldehyde, action of nitric acid on (SaALway), T., 1159; 
P., 160 ; preparation of (SALWAY), T., 1208; P., 175. 

C,H,O, 3:4-Methylenedioxymandelic acid, preparation of (BARGER and 
Ewrns), T., 554. 

C,H,,.0. Phenylacetylcarbinol (Wren), T., 1592. 

C,H,,0; Phenylmethoxyacetic acid, affinity constant of (FinpLAy, TURNER, 
and OwEn), T., 938; P., 146. 

C,H,,0; a-Hydroxy-8-phenylpropionie acid, affinity constant of (FINDLAY, 
TURNER, and OWEN), T., 940; P., 146. 

B-Hydroxy-8-phenylpropionic acid, affinity constant of (FINDLAy, 
TURNER, and OwEn), T., 941; P., 146. 

Vanillin methyl ether, action of nitric acid on (SALWAy), T., 1163. 

Acetovanillone (4-hydroxy-3-methoxyacetophenone), isolation of, from Apo- 
cynum androsaemifolium (Moore), T., 744; P., 85. 

C,H;,N di-Hydrindamine, resolution of (Kipptne), T., 413; P., 56. 

C.H,,0 Ketone, from oxidation of terpinene (HENDERSON and Cameron), T., 
974; P., 151. 

C,H,,0 1:1:5-Trimethyl-A*-cyclohexen-3-one (isophorone), and some of its 
homologues), synthesis of (CRossLEY and Griiine), T., 19; preparation of 
(CRossLEY and GILLING), P., 96. 

C,H,,0, 1-Methyleyclohexylidene-4-acetic acid, resolution of (PERKIN, 
Porg, and WALLAcH), T., 1789. 

C,H,,0, cycloHexylmalonic acid, and its potassium salt (HorE and PERKIN), 

we 

CoH 05 ceisHydroxypinic acid, preparation of (PERKIN and SimonsEn), T., 
1175. 


9 Ill 
C,H,0,C1l, 3:4-Dichloromethylenedioxyphenyldichloroacetyl chlor- 
ide (BARGER and Ewrwns), T., 558. 
C,H,0,Cl, 3:4-Dichloromethylenedioxyphenylchloroacetyl chloride 
(BARGER and Ewrns), T., 556. 
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C,H,0,Cl, 3:4-Carbonyldioxyphenylchloroacety! chloride (BARGER and 
Ewins), T., 557. 

C,H,0;Cl, 3:4-Carbonyldioxyphenyldichloroacetic acid (BarcER and 
Ewins), T., 559. 

C,H;0,Cl 3:4-Carbonyldioxyphenylchloroacetic acid (BARGER and 
Ewrns), T., 556. 

C,H,ON Cinnamenylearbimide (cinnamenyl isocyanate) (ForsTER), T., 433 ; 


C,H,ON, Cinnamoylazoimide, and transformation of, into cinnamenyl carb- 
imide (ForsTER), T., 433; P., 69. 

C,H,0O;N Indoxylic acid (PEerxry), T., 847; P., 126. 

C,H,0,C1 Myristicinoyl chloride (Satway), T., 1161. 

C,H,O,N Nitromyristicinaldehyde (Satway), T., 1160; P., 160. 

C,H,0,N Nitromyristicinic acid (Satway), T., 1165. 

C,H,0,.Br, a8-Dibromo-8-phenylpropionic acid, action of organic bases on 
(JAMEs and SupBorovGH), T., 15438. 


C,H,O.N Anisaldehydecyanohydrin, preparation of, and action of hydrogen 
chloride on (McComBikr and Parry), T., 584; P., 95. 
CoHLOSN Hippuric acid, condensation with acetone (PERKIN and SIMONSEN), 
+» 164 
C,H,O,N Lactone of ethyl hydrogen a-cyano-8-hydroxy-a§-hydro- 
muconate (Brest and Tuorps), T., 1524. 
3:4-Methylenedioxymandelamide (BARGER and Ewrns), T., 555. 
Myristicinamide (+H,0) (Satway), T., 1161. 
C,H, OBr, a8-Dibromo-p-methoxy-a-phenylethane (TuTin, Caton, and 
Hany), T., 2124. 
C,H,,0.N. 5-Nitrosoaceto-o-toluidide (Carn), T., 715; P., 123. 
6-Nitrosoaceto-m-toluidide (Carn), T., 715; P., 128. 
2-Nitrosoaceto-p-toluidide (Carn), T., 715; P., 123. 
C,H,,0;,N. Ethyl 2-ketotetrahydropyrrolidene-5-cyanoacetate, and its 
sodium, potassium and silver salts (Best and THorpe), T., 1532. 
ieee atti lis hammammana (Best and Tuorps), T., 

1533. 

C,H,,ON Base, from interaction of 8-bromo-a-hydroxy-p-methoxy-a-phenylethane 
and ammonia (TuTIN, CATON, and Hann), T., 2125. 

C,H,,0.N, Ethyl 2-iminotetrahydro-pyrrolidene-5-cyanoacetate (BxsT 
and THoRPE), T., 1530. 

C,H,,0,N Ethyl 5-cyanocyclopentan-1-one-2-carboxylate, and its potassium 
and silver derivatives, and ethylation of (Best and THorPE), T., 701; P., 92. 

C,H,,0;N Ethyl hydrogen a-cyano-8-ketoadipate, and its silver salt (Best 
and THorPe), T., 1524. 

C,H,,.0.N. Ethyl 2-imino-3-cyanocyclopentane-l-carboxylate (THORPE), 
P., 18; (Best and Tuorpe), T., 696; P., 93. 

C,H,.0,N, Ethyl hydrogen §f-imino-a-cyanoadipate, and its silver salt 
(Best and Tuorpe), T., 1534. 

C,H,,0N p-Methoxyphenylethylamine, and its hydrochloride (BARGER and 
WALPOLE), T., 1724; P., 229. 

C.H,,0,N 8-Cyanomethylbutylmalonic acid, and its silver salt (Best and 
THorPE), T., 706. 

C,H,,0,Br a-Bromocyclohexylmalonic acid (Horr and Perkin), T., 1364. 
cisBromopinic acid (PERKIN and SrtmonsEn), T., 1175. 

C,H,,ON, Semicarbazone of 2-cyano-2:5-dimethylceyclopentan-l-one 

(Best and Tuorre), T., 706. 
Semicarbazone of 2-cyano-2-ethyleyclopentan-l-one (Brest and THorPE), 


T., 713. 
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C.H,,ON Oxime of 1:1:5-trimethyl-A‘-cyclohexen-3-one (CrossLEY and 
Gitiine), T., 25. 

C,H,;0,N,; Semicarbazone of  1-methyleyclohexan-2-one-6-carboxylic 
acid (BAupIscH and PERKIN), T., 1837. 

C,H,,0,Sb Propyl antimonite (MacKzy), T., 607; P., 98. 


9 IV 


C,H,,ONC] m-Chloropropionanilide (Davis), T., 1398. 
C,H,,ON,S, Anhydrodiallyldithiobiuretcarboxylic acid (RvHEMANN 
and PRiEsTLEY), T., 456. 
C,H, ,OCIBr a-Chloro-8-bromo-p-methoxy-a-phenylethane (TuT1n, Caton, 
and Hann), T., 2124. 
CoH 0.N.Na, Substance. from tetraketopiperazine and sodium amyloxide (DE 
OUILPIED and Ruiz), T., 550; P., 71. 


C,, Group. 


C,H, Naphthalene, combustivn of, and the atomic weight of carbon (Scott), 
Limonene, action of chromyl chloride on (HENDERSON and CAMERON), 
969; P., 151. 

Pinene, oxidation of, with mercuric acetate (HENDERSON and AGNEW), T., 289; 
P., 357 ; conversion of, into sobrerol (HENDERSON and EAstsBuRN), T., 1465; 
P., 211. 

Terpinene, action of chromyl chloride on (HENDERSON and CAMERON), T., 
969; P., 151. 


Croll 


10 II 


C,,H,0, Cotarnic acid, synthesis of (PERKIN, Rosrnson, and Tuomas), T., 
1977; P., 262. 

C1oH,)O 8-Methylhydrindone, oxidation of (SALwAy and Krprtne), T., 166; 
P., 16. 


CioH,)0; «-Benzoylpropionic acid (Hopz and Perkin), T., 2045. 
CioH,)0, t-Acetylmandelic acid (+H,O), hydrolysis of (McKnziz and 
HumpuHprigs), T., 1106. 
CyoHiN. A-Imino-a-cyano-y-phenylpropane, preparation of, and formation of 
1:3-naphthylenediamine from (Best and Tuorpg), T., 8. 
1:3-Naphthylenediamine, formation from 8-imino-a-cyano-y-phenylpropane 
(BEsT and Sasnea), ‘oe 
CioH,,0 «-p-Tolylpropaldehyde, isolation of, from terpinene (HENDERSON and 
CaMERON), T., 973; P., 151. 
CioH,,.0. Glycide o-tolyl ether (Boyp and KNowtron), T., 1802; P., 235. 
B-Phenyl-u-methylpropionic acid, resolution of, and rotatory power of the 
d-acid (PickarD and Yates), T., 1019; P., 152. 
CioH;.0,; Acetyl derivative of a-p-dihydroxy-a-phenylethane (TuTIN, 
CaTon, and Hann), T., 2124. 
Phenylethoxyacetic acid, affinity constant of (FinpLay, Turner, and 
Owen), T., 939; P., 146. 
C,oH,.0,; Ethyl 3:4-dihydroxymandelate (BARGER and Ewrns), T., 558. 
Trimethylgallic acid, occurrence in nature of, and silver salt (PowER and 
Moors), T., 254. 
C,.H,;N d/-Methylhydrindamine, resolution of (K1ppine), T., 411; P., 55. 
Croll .05 Camphoric anhydride, new method of preparing (EpcERTON), P., 
49, 


FORMULA INDEX. 10 II—10 III 


C,oH,I, Di-iodocamphor (Marsu and Strutuers), T., 1786. 

CyHi;N a-Dimethylamino-8-phenylethane (BArcER), T., 2195. 

CioH,0 eens catia (CRossLEY and GILLING), 
., 28. 

Camphor, absorption spectra of halogen, nitro-, and methyl derivatives of 
(Lowry and Descu), T., 807; P., 18; absorption spectra of sulphonic deriv- 
atives of (Lowry and Descu), T., 1340; P., 192; physical properties of solid 
solutions of, and borneol (VANSTONE), T., 595; P., 30; mercury derivatives of 
(MarsH and StrutTuHERs), T., 1777; P., 228. 

CyH,.0. 8-Hydroxycarvotanacetone, preparation of, from pinene (HENDER- 
son and AGNEw), T., 292; P., 35. 

C,,H,,0; Ethyl 1-methyleyclohexan-8-one-5-carboxylate (MELDRUM and 
PERKIN), T., 1899. 

Pinonic acid, preparation of (PERKIN and SimonsEN), T., 1174. 

CyoH,;,0, 1-Methyleyclohexyl-4-malonic acid, and its potassium salt (HopE 
and PERKIN), t., 1367. 

Camphoric acid, amides and imides of (Woorron), P., 308. 

CyoH,,0; 1-Methyleyclohexyl-4-tartronic acid, and its barium salt (Horz and 
PERKIN), T., 1368. 

C,»H,.0, Senecifolic acid, and its silver salt (Warr), T., 472; P., 68. 

CioHyN B-Methyl]-8-hexylacrylonitrile (GArpNER and Haworrn), T., 
1964. 


C,oH,;;0 Borneol, physical properties of solid solutions of, and camphor (VAN- 
STONE), T., 595; P., 30. 
Menthone, physical properties of solid solutions of, and .ienthol (VANSTONE), 
T., 602; P., 30 
CroHgOa B-Methyl-8-hexylacrylic acid (GarpNeER and Haworrtn), T., 
L . 


Sobrerol, preparation from pinene (HENDERSON and AGNEW), T., 291; P., 35; 
conversion of pinene into (HENDERSON and EAstpurRN), T., 1465; P., 211. 
C,0H»O Menthol, physical properties of solid solutions of, and menthone (VAN- 

STONE), T., 602; P., 30. 
C,,Ha0, Tetramethyl levulose, preparation of, from methyl methylfructoside 
(IRvinE and Hynp), T., 1227. 


10 III 


C,,H,0O;,N 7-Nitro-5:6-methylenedioxy-l-hydrindone (PERKIN, RoBINson, 
and THomas), T., 1981. 
C,,H,0.S u-Naphthalenesulphinic acid, ferric salt, reactions of (THoMmas), 
B-Naphthalenesulphinic acid, ferric salt, reactions of (THomAs), T., 344. 
C,oH,0,N, -2(6)-Dinitro-3-methoxy-4:5-methylenedioxystyrene (SAL- 
way), T., 1214. 

C,,H,ON Cinnamaldehydecyanohydrin, action of hydrogen chloride on 
(McComsiz and Parry), T., 584; P., 95. 

C,,H,OBr Bromo-8-methylhydrindone (SAtway and Krprrne), T., 170. 

C,H,O,N 7-Amino-5:6-methylenedioxy-1-hydrindone (PERKIN, Robinson, 
and THomas), T., 1982. 

CjoH,O,Cl py-Hydroxyacetophenone chloroacetate (TuTin, Caton, and 
Hann), T., 2117. 

w-Chloro-p-acetoxyacetophenone (TuTin, Caton, and Hany), T., 2119. 

C,H,O,.N 3:4-Methylenedioxyphenylglyoxylmethylamide (Barcer and 
Ewins), T., 556. 

C,pH,O,N Lactone of trihydroxycarbethoxypyridylacetic acid (Brest 
and THorpe), T., 1527. 
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C,.H,,0;N, Lactam of carbethoxyglutazylacetic acid (Brsr and 
THoRPE), T., 1526. 

C,H,,0Cl d-8-Phenyl-a-methylpropionyl chloride (d-benzylmethylacetyl 
chloride), preparation of (PicKARD and YATEs), T., 1019. 

CoH, 0:01 p-Methoxyphenylpropionyl shlevide (BARGER and WALPOLE), 
T., 1724. 


0, HON, Acetyl-p-nitrophenylethylamine (BARGER and WALPOLE), T., 
722; P., 229. 
Ethyl 2- keto- 1-methyltetrahydropyrrolidene-5-cyanoacetate (BEST 
and THorPE), T., 1535. 
C,oH),0,N2 Carbethoxyglutazylacetic acid (Bresr and Torre), T., 1526. 
Ethyl dihydrogen f-imino-a-cyano-butane-ayd-tricarboxylate, and its 
silver salt (BEsT and THorpsE), T., 1523. 
C,oH,,0,N, 2:5-Dinitro-4-ac etylamino- 3-dimethylaminophenol, and _ its 
silver salt (MELpowA and Hay), T., 1048. 
C,,»H,,0N 2-8-Methylaminoethyl-benzaldehyde (Pyman), T., 1749. 
gaan lacie eas hydroxide, salts of (PyMAN), T., 
1749. 
C,.H;;0.N p-Methoxyphenylpropionamide (BArcer and Watrpozz), T., 
1724; P., 229 
3-Nitrodurene (Carn), P., 260. 
C,,H;;0.N,; Phenylacetylsemicarbazone (WREN), T., 1593. 
C,H,;0;N Ethyl 5-cyano-5-methylceyclopentan-l-one-2-carboxylate (BEsT 
and TuHorPe), T., 702; P., 93. 
Ethyl 3-cyano-2-methoxy-A*-cyclopentene-l-carboxylate (BEsT and 
THORPE), T., 702. 
C,oH,,0O.N. a-Dimethylamino-8-p-nitrophenylethane, and its oxalate 
(BARGER), T., 2195. 
C,,H,,0,N. Ethyl hydrogen a-cyano-8-methyliminoadipate, and its 
silver salt (BEsT and THORPE E), T., 1536. 
Ethyl B-imino-a- eyanoglutarate, preparation of (Best and THorpe), T., 
1518. 
C,,H,,0,Br, Methyl 1:3-dibromo-norpinate (PERKIN and Simonsen), T., 
1177. 


C,,H,,ON Iminocamphor, aryl derivatives of (ForstER and THORNLEY), T., 

942; P., 145. 
Hordenine, synthesis of (BARGER), T., 2193; P., 289. 

CioH,;0N,; Semicarbazone of ketone from oxidation of terpinene (HENDER- 
son and CAMERON), T., 974; P., 151. 

C,oH,;0.N §8-Amino-f’-0-tolyloxyisopropyl alcohol, and its salts (Boyp and 
KNOWLTON), T., 1804; P., 235. 

C,oH,,;0,Br a-Bromo-l-methyleyclohexyl-4-malonic acid (Hope and Perr. 
KIN), T., 1867. 

CioH,;,0.N. 4-Oximino-5-ethylimino-1:l-dimethyleyclohexan-8-one (and 
+2H,0) (HAAs), T., 423. 

Croltg0,Brs Ethyl aé-dibromoadipate, liquid form of (Lz Sugur), T., 275 ; 

36 


aaa: 5-Ethylimino-1:1-dimethy1-A*-cyclohexen-3-ol, and its hydrochlor- 
ide and platinichloride (HAas), T., 422. 

C,,H,,ON, Semicarbazone of 1:1:5-trimeth yl-A4-cyclohexen-3-one (CRoss- 
LEY and GILLING), T., 24. 


10 IV 


C,,H;0;N.Na, Substance, from tetraketopiperazine and sodium phenoxide (DE 
MovILPiEp and Ruts), T., 551; P., 71. 
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C,H,O.NC], Trichlorobenzoyllactonitrile (Francis and Davis), T., 
1407. 


C,,H,N.Br,Si Substance, from silicon tetrabromide and pyridine (REYNOLDS), 
” 


C,.H,,0I,.Hg, Dimercuricamphor di-iodide (Marsu and Srrutuers), T., 
1783. 


C,H,,0CIHg Mercuricamphor chloride (Mars and Srrutrsrs), T., 1785. 
C,.H,,0BrHg Mercuricamphor bromide (MaArsu and Srrutuers), T., 
1784. 


C,.H,,0IHg Mercuricamphor iodide, and its mercuri-iodide (MArsH and 
STRUTHERS), T., 1784. 


10 V 


C,»H,0,I,SHg Substance, from diethoxythioxan, ethyl iodide and mercuric 
iodide (CLARKE and SmIiLgEs), T., 1003. 


Ci, Group. 
C,,H,,0. Ethyl phenylpropiolate, action of, on monoarylcarbamides 
(RUHEMANN), T., 1609; P., 220. 
A®.Dihydro-2-naphthoic acid, resolution of, and the d-acid and its sodium 
salt (PicKARD and YATEs), T., 1014; P., 152. 
C,,H,,0, Methoxymethylenedioxy-a-hydrindone (Satway), T., 1210. 
C,,H,,0; 3-Methoxy-4:5-methylenedioxycinnamic acid, and action of 
nitric acid on (SALWAY), T., 1209. 
C,,H,.0 1:1-Dimethyl-3-methylenephthalan (Suipara), T., 1453; P., 209. 
C,,H,.0, Phenylallylacetic acid, resolution of, and the d-acid and its salts 
(PrcKARD and YATEs), T., 1016 ; P., 152. 
C,,H,.0, «-Benzoylbutyric acid (Hope and Perkin), T., 2047. 
Ethyl benzoylacetate (HopE and PERKIN), T., 2042; P., 296. 
C,,H,.0; 8-3-Methoxy-4:5-methylenedioxypropionic acid (SAtway), T., 
1209. 


Ethyl 3:4-methylenedioxymandelate (BARGER and Ewins), T., 554. 
C,,Hi.N. 1-Cyano-2-methyltetrahydrodsoquinoline (PymMAn), T., 1750. 
C,,H,,0. Phenylpropylacetic acid, resolution of, and the d-acid and its salts 
(PicKARD and YATEs), T., 1017; P., 152. 
B-Phenyl-a-ethylpropionic acid, resolution of, and the d-acid and its salts 

(PrckaRD and YarTss), T., 1018; P., 152. 

C,,H:,0, Phenylpropoxyacetic acid, affinity constant of (FINDLAY, TURNER, 
and OwEn), T., 940; P., 146. 

C,,H,,0, Methyl 1:1-dimethyleyclopentan-3:4-dione-2:5-dicarboxylate, 
preparation of (THORPE), P., 94. 

C,,H,,0. Oxymethylenecamphor, condensation with primary and secondary 
amino-compounds (Popr and READ), T., 171; P., 18. 

CuH,0 1:1-Dimethyl-5-propyl-A*-cyc/ohexen-3-one (CRossLEY and GILLING), 
T., 29. 


11 III 

C,,H,O.N Lactone of a-cyano-y-hydroxy-y-phenylbutyrie acid (Ha- 
WworTH), T., 483. 

C,,H,O,N 2-Keto-8(5)-methoxy-6:7-meth ylenedioxy-1:2-dih yd roquinol- 
ine (+ 4H,O), and its hydrochloride, and reduction products (SALWay), 
T., 1216. 

C,,H,0,Cl, Ethyl 3:4-dichloromethylenedioxyphenylchloroacetate 
(BARGER and Ewrns), T., 558. 
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C,,H,0,C1 Ethyl 3:4-carbonyldioxyphenylchloroacetate (BARGER and 
Ewins), T., 558. 
C,,H,O,N 2(6)-Nitro-3-methoxy-4:5-methylenedioxycinnamic acid 
(Satway), T., 1215. 
C,,H,O.N, 8-Imino-a-cyano-y-phenylbutyric acid, and its silver salt 
(Best and THorPE), T., 12. 
1:3-Naphthylenediamine-2-carboxylic acid (Bzstr and Torre), T., 12. 
C,,H,O,N Substance, (C,,H,,0,N)., from reduction of 2-keto-8(5)-methoxy- 
6:7-methylenedioxy-1:2-dihydroquinoline (SALWaAyY), T., 1217. 
C,H, ON, Triazoantipyrine (4-triazo-1-phenyl-2:3-dimethylpyrazolonc) 
(ForsTER and Mi.uER), T., 2072; P., 291. 
C,,H,0,N Carbethoxymandelonitrile (Francis and Davis), T., 1409. 
Cre Ozime of methoxymethylenedioxy-a-hydrindone (SaLway), 
an . 
C,,H,0O;,N 6-Nitro-5:6-dimethoxy1-hydrindone (PERKIN, Ropinson, and 
THOMAS), T., 1980. 
C,,H,,0.N 6:7-Dimethoxy-3:4-dihydroisoquinoline, and its hydrochloride 
and picrate (PyMAN), T., 1618; P., 217. 
CuH},0.N Ethyl phenylacetylcarbamic acid (RUHEMANN and PRIESTLEY), 
+» 452. 
2-Amino-5:6-dimethoxy-l-hydrindone, hydrochloride and _platinichloride 
(Roprnson), T., 2173; P., 296. 
C,,H,;0,N 3:4-Methylenedioxyphenylhydroxyacetiminoethyl ether, 
hydrochloride of {BARGER and Ewtns), T., 554. 
C,,H,,ON 2-Butyro-o-toluidide (Davis), T., 1398. 
n-Butyro-p-toluidide (Davis), T., 1398. 
Cyanocarone (CLARKE and LApworrs), P., 307. 
C,,H,,0,N Ethyl 5-cyano-2:5-dimethyleyclopentan-l-one-2-carboxylate 
(Brest and THorre), P., 705; P., 93. 


Ethyl kn TE Seattle laa aes (Best and 
ba 


THORPE), oer 3 F., V6. 
Ethyl 38-cyano-2-ethoxy-A*-cyclopentene-l-carboxylate (Brest and 
THoRPE), T., 707; P., 93. 
C,,H,ON, Semicarbazone of 1:1-dimethyl-5-ethy1-A‘-cyclohexen-3-one 
(CRossLEY and GILLING), T., 28. 


C,, Group. 


Ci2H,,0, Benzylfurfuraldehyde (Fenron and Ropinson), T., 1335; P., 193. 

C,2H,}0, Quinhydrone, absorption spectra of (HARTLEY and LEonaRD), T., 34. 

Ci2oHi0; Acetyl-6-methylesculetin (Power and Moore), T., 256; P., 27. 

C,.H,,0, A-Styryl-8-methylacrylic acid (HAworrnH), T., 485. 

CioH,;N; Phenylhydrazone of 2-cyanocyclopentan-l-one (Brest and 

HORPE), T., 710. 

C,.H,,0, Diethylphthalide, formation from magnesium alkyl halides and 
dimethyl or diethyl phthalate (SHipaTA), T., 1455. 

Ci.H,,0; @-Amyl gallate (McKenziz and MiLuEr), T., 548. 

isoAmyl gallate (McKenziz and Mier), T., 547. 

C,.H,,0, Ethyl 1:l-dimethy]-A*-cyclohexen-3-one-5-acetate (CRossLEY and 
GILLING), T., 23. 

C,.H,,0; eg cyclohexanone-3:6-dicarboxylate (Dosson, FErns, and 
PERKIN), op a0ne: P., 28. 

C,,.H»O; Ethyl pinonate (PERKIN and Simonsen), T., 1174. 

C;2H»0, Ethyl] cis-norpinate (PERKIN and Simonsen), T., 1176. 
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Ci.H.,0,; Levulosediacetone, constitution of (InvINE and Hywnp), T., 1220; 
Foyt 


C,.H»N. 3:5-Diethylimino-1:1-dimethyleyclohexane, and its platinichloride 
(Haas), T., 422. 


12 Ill 


C,.H,,ON; p-Aminobenzeneazophenol, and its hydrochlorides and their 
absorption spectra (HEWITT and THomas), T., 1294; P., 190. 
C,.H,,0.N Anhydride of a-benzoylamino-8-dimethylacrylic acid (PER- 
KIN and SImonsEN), P., 164. 
Benzylfurfuraldehydeoxime (syn and anti) (Fenron and Rostnson), T., 
1336; P., 193. 
C).H,0;N Ethyl phenylpropiolylearbamic acid (RUHEMANN and 
PRIESTLEY), T., 451; P., 62. 
C,2H,,0,N 2-Keto-8(5)-meth oxy-6:7-methylened ioxy-l-me t hyl-1:2-dihy- 
droquinoline (Satway), T., 1218. 
a eae amanereaeeanns hi methyl ether (SALWway), 
e> 1218. 
C,.H,,0,N Methyl 2(6)-nitro-3-methoxy-4:5-methylenedioxycinnamate 
(SaLway), T., 1215. 
CioH,0N, Styrylpyrazolecarboxylic acid hydrazide (RuHEMANN), T., 
Bit. 


C,.H,,0.N. Methyl 8-imino-a-cyano-y-phenylbutyrate (Best and THORPE), 
T., 10. 


Methyl 1:3-naphthylenediamine-2-carboxylate, and its hydrochloride 
(Best and Tuorpe), T., 11. 
C,:H,,0,N a-Benzoylamino-8§-dimethylacrylic acid (PERKIN and Srmon- 
SEN), P., 164. 
C,.H,,0,N 1-Phenylpyrrolidine-2:5-dicarboxylic acid, formation of, from 
adipic acid, and its barium, and silver salts (Lz Suzur), T., 273; P., 36. 
Oxyzsocotarnine (2: Keto-8(5)-methoxy-6:7-methylenedioxy-1-methyl-1:2:3:4-tetra- 
hydroquinoline) (SALWAY), T., 1219; P., 175. 
C,.H),0;N Methyl 2(6)-amino-3-methoxy-4:5-methylenedioxycinnamate 
(SALWAY), T., 1215. 
C,.H,,N,Si Substance, from silicochloroform and potassium pyrrole (REYNOLDS), 
C,.H,,0;,N, Ethyl 2-keto-4-carbethoxydihydroisopyrroly|l-5-c y ano- 
acetate (Brest and Tuorps), T., 1520. 
Ethyl 2-keto-4-carbethoxytetrahydropyrrolidene-5-cyanoacetate, 
and its silver salt (Best and THorre), T., 1521. 
C,.H,;,ON Anilide of #-methyl-S-ethylacrylic acid (GARDNER and 
Haworrtsn), T., 1962. 
C,,H,,0,N 1-Keto-6:7-dimethoxy-2-methyltetrahydroisoquinoline 
(PymMAn), T., 1272; P., 190. 

CoH, O.N Cotarnine, synthesis of substances allied to (SALWAyY), T., 1204; 

., 175. 

C\oH,;0,N, Ethyl 2-imino-4-carbethoxytetrahydropyrrolidene-5-cyano- 
acetate, and its hydrochloride (Best and THorps), T., 1519. 

C,.H,;,0,N. Ethyl a8-dicyanoadipate (Brsr and Tuorrs), T'., 696; P., 92. 

C,.H,,ON 3-Cyano-1:2:4-trimethyl-4-ethy1l-A™-cyclohexadien-6-0l (GARDNER 
and Haworts), T., 1960. 

C,.H,,0.N 6:7-Dimethoxy-2-methyltetrahydrotsoquinoline, and its salts 
(Pyman), T., 1273; P., 190. 

C,.H,,0,N 4:5-Dimethoxy-2-8-methylaminoethylbenzaldehyde (PyMan), 
T., 1270; P., 190. 
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C,oH,,O,N 6:7-Dimethoxy-2-methyl-3:4-dihydroisoquinolinium hydr- 
oxide, chloride, bromide, aurichloride, and picrate (PymaNn), T., 1271; P., 
190. 

C,oH,,0,N, Semicarbazone of ethyl 5-cyano-2:5-dimethy leyclopentan- 
l-one-2-carboxylate (Best and THorps), T., 705. 

C,.H,ON, Semicarbazone of 1:1-dimethyl-5-propy]-A*-cyclohexen-3-one 
(CRossLEY and GILLING), T., 29. 

C,.H.0.S, isoAmyl dithio-oxalate (JonxEs and Tasker), T., 1906; P., 247. 

C,.H»0,S. Diethyl a-dithiodibutyrate (Prickand Twiss), T., 1052; P., 165. 

ao a-dithiodiisobutyrate, preparation of (Price and Twiss), T., 1054; 
°9 

C,oH»~0,S Acetal sulphide, molecular refraction of, and mercurichloride 
(CLARKE and Smizgs), T., 1000; P., 145. 

C,.H»,0,Sb isoButyl antimonite (MacKey), T., 607; P., 98. 


12 IV 
C,.H,0,N;S Tetranitrodiphenylamine-o-sulphoxide, and its sodium deriva- 
tives (BARNETT and SmILes), T., 1257; P., 195. 
Tetranitrophenazothionium hydroxide, reactions and sodium derivative 
of (BARNETT and SmILEs), T., 1259; P., 195. 
C,.H,0,.N;S Sulphone, from oxidation of tetranitrophenazothionium hydroxide 
(BARNETT and SMILEs), T., 1261. 


C,.H,0O;N;S 3:9-Dinitrophenazothionium hydroxide (Barner and 
SmILgs), T., 1261. 
isoDinitrophenazothionium hydroxide (and +H,O) (Barnerr and 
Suites), T., 1264; P., 195. 
C,.H,0O,N;S Substance (+ H,0), from oxidation of dinitroazothionium hydroxide 
(BARNETT and SMILgs), T., 1264. 
C,.H,0,NS 3-Nitro-9-hydroxyphenazothionium hydroxide (BARNETT 
. and Smizzs), T., 1262. 
C,.H,NCIS Phenazothionium chloride (+ H,O) (BarnertT and Smies), T., 
1265; P., 195. 
et a Diphenylamine o-sulphoxide (BArNetr and SmiEs), T., 1265; 
»» 195. 


C,sH,.N;CIS Diaminothionine chloride (+2H,0), and platinichloride 
(BARNETT and SmizEs), T., 1259. 


12 V 


C,.H,O.NI,S 2:4:5-Tri-iodobenzenesulphonanilide (Boyt), T., 1716. 
3:4:5-Tri-iodobenzenesulphonanilide (Boy.r), T., 1713. 


C,; Group. 


C,;H,.0, Tannic acid, iodometric estimation of, and action of reducing agents on 
(GARDNER and Hopeson), T., 1819. 

C,;H;0, Tolylmethylfurfuraldehyde (FENnron and Rostnsoy), T., 1338. 

C,;H,,Ne Diphenylmethylenediamine, action of, on phenylthiocarbiinide 
(SENIER and SHEPHEARD), T., 498. 

C,;H;,0, Ethyl a-benzoylisobutyrate (Horr and Perkin), T., 2046. 

d-Amyl phenylglyoxylate (d-amyl benzoylformate) (MCKENZIE and MULLER), 

T., 546. 

C,;H,,0. Glycide thymyl ether (Boyp and Martz), T., 1800; P., 235. 

C,;,H»O, Ethyl 1:1-dimethyl-A*cyclohexen-3-one-5-propionate, hydrolysis 
of (CRossLEY and GILLING), T., 28. 
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Ci:3H»O, Ethyl ay-diacetylglutarate (SimonszeNn and Srorzy), T., 2111; 
P., 290. 


C,;3H»O, Ethyl cyclohexylmalonate (Horr and Prerxiy), T., 1363; P., 207. 

C,;H.0, Ethyl cishydroxypinate (PERKIN and Simonsen), T., 1176. 

C:sH20, Methyl a-levulosediacetone (Irvine and Hywnp), T., 1223; 
Fe, 146. 


13 III 


C,;H,0.N a-Cyano-f-styryl-8-methylacrylic acid (Haworrn), T., 485. 
Salicylidene-m-aminophenol (SENIER and SHEPHEARD), T., 1947. 
C,;H,,ON, Benzoyl-p-phenylenediamine, hydrochloride of (MorcAN and 
Atcock), T., 13823; P., 202. 
C.sHy,02N, 2-Cyano-5-carbanilinocyclopentan-l-one (Brest and Tuorrz), 
7 


C,;H,.0,N, 0-, m-, and p-Nitrobenzenediazohydroxylamino-p-to!uene 
(GEBHARD and THompson), T., 774. 
C,;H;,;0.N Ethyl a-cyano-a-styrylacetate (HAworTH), T., 482. 
CisH,O5N a-Carboxyamino-f-styryl-8-methylacrylic acid (HAworrn), 
»» 485. 


C,;H,;;0,P Phenyl-p-tolylphosphoric acid (Lurr and Krppine), T., 2001. 

C,;H,,0,N Ethy] 2(6)-nitro-3-methoxy-4:5-methy lenedioxycinnamate 
(SaLwAy), T., 1215. 

C,;H,,O.N. 1-Cyano-6:7-dimethox y-2-methyltetrahydrotsoq uinoline 
(Pyman), T., 1272; P., 190. 

C,;H,,0;N. Ethyl 2-keto-4-carbethoxy-1-methyltetrahydropyrrolidene- 
5-cyanoacetate (BEsT and THorps), T., 1529. 

C,;H,,0,N, 2:5-Dinitro-4-acetylamino-3-piperidylphenol (MeLpoLa and 
Hay), T., 1049. 

a ee ea Seeny taeineny drozsog uinoline (PyMAN), 


C,3;H,,O,N Glucose-o-carboxyanilide (+ H,O), and its sodium salt (IRVINE 
and GILMouR), T., 1553; P., 219. 

C,\;H,,0.N. 6-Imino-3-cyano-1:2:4-trimethy]-4-ethy]-A!-cyc/ohexene-3-carb- 
oxylic acid (GARDNER and Haworth), T., 1959. 

C,;H,,0.N 6:7-Dimethoxy-2-ethyltetrahydroisoquinoline, and its hydro- 
chloride (PyMan), T., 1746. 

C,;sH,0.N, Phenylhydrazone of 2:3-diketo-4-phenyl-5-anisylpyrroline 
(RUHEMANN), T., 1608. 

CisHy205N POST eM aen orth Tenenlaeligte (PyMAN), 

»» 1745, 
6:7-Dimethoxy-2-ethy]-3:4-dihydrozsoquinolinium hydroxide, chloride, 

aurichloride, and picrate of (PyMAN), T., 1745. 

C,3H,,0;N Glucose-p-toluidide (and + 4H,O and + H,0), crystalline forms of, 
and reactions of (IRVINE and GILMouR), T., 1546; P., 219. 

C,;H.,0,N,* Semicarbazone of ethyl 1:1-dimethyl-A‘-cyclohexen-3-one-5- 
acetate (+ 4EtOH) (CrossLEy and GILLING), T., 24. 

C,;H.,0,Be Ethyl a-bromocyclohexylmalonate (Hopgand Perkin), T., 1364. 

C,;H,0N Propionobornylamide (FRANKLAND and Barrow), T., 2025; 


13 IV 
C,;H,,ONC] Salicylidene(-o-, -m-, and -p-)chloroaniline (SENIER and 
SHEPHEARD), T., 1946. 


C,,H,,ON,Cl Benzoyl-p-aminobenzenediazonium chloride (MorGAN and 
Atcock), T., 1323; P., 202. 
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C,3H,,0O,N,S2 Methanedisulphonylbis-p-phenylenediazoimide (Morcan 
and PicKARD), P., 301. 

C,;H,,0;N,Cl Benseyl-p- aminobenzenediazonium perchlorate (Morcan 
and Axcock), T., 1324; P., 202. 

C1sHy,0.NoP Phenyliminophosphory! benzamide (TITHERLEY and 

WoRRALL), T., 1152; P., 150. 

C.sH0.N,S Toluenc-o-sulphony)-p- phenylenediazoimide (Morcan and 
PicKaRD), P., 301. 

C.sH,,ONSBr o-, m-, and p- . > ‘een toluene 
(GEBHARD and THomPson), T oe 09m 

C1sHy,0,C1F Phenyl-p-tolylphosphoryl chloride (Lurr and KIppPINne), 


6..H,,0.N,S Toluene-w-sulphonyl-p-phenylenediamine (Morcan and 
PickaRD), P., 301. 

C,;H,;0.N.P Anilino-p-toluidinophosphorie acid, and its alkaloidal salts 
(LuFF and Kripprrna), T., 1998 

C,;H,,0,N,S. Methanedieulphonylbispphenylendiamine (MoreAN and 
PICKARD), P., 301. 


13 V 


C,3;H,.0.N.CIP Benzoylaminoanilinophosphoryl chloride (TITHERLEY 
and WorRALL), T., 1152 ; P., 150. 


C,, Group. 


C,,H,,0, Benzil, physical properties of solid solutions of, and benzoin (VANSTONE), 
"? ; ? 

C,,H,.0, Benzoin, physical properties of solid solutions of, and benzil (VANSTONE), 
"9 3 Fey 

d-Benzoin (WREN), T., 1583; P., 219. 

CHS: Benzyl disulphide, preparation of (Prick and Twiss), T., 1490; 
5 mak. 
> 


C,,H,,Se. Benzyl diselenide (Pricz and Jonzs), T., 1729; P., 234. 
C,4H,.0; Ethyl a-benzoyl-c-methylbutyrate (Horr and Perxktn), T., 2050. 
C,\4H.,0; Ethyl a-1:1-dimethyl-A*-cyclohexen-3-one-5-butyrate, and hydeo- 
lysis of (CROssLEY and GILLING), T., 28. 
CHP. Sthy! 1- «meth yleyelohexy)- 4-malonate (Horr and PeErkIn), 
’ ‘- 


C,,H,,0; Ethyl a-methoxycyclohexylmalonate (Hope and Perkin), T 
1366. 


C,,H,,0, Ethyl ee serena preparation of (Dosson, FERNS, 
and PERKIN), T., 2012. 


14 III 


C,,H,O,N; Trinitrohydroxy-l-o-, -m-, and -y-hydroxyphenylmethy]benz- 
iminazole (MELDOLA and Hay), T., 1045. 

C.sH,,ON, Benzoyl-p-aminodiazobenzene cyanide (MorGAN and ALcock), 

., 1324. 

C,4H,O.N 1-Benzoyloxy-5-phenyltetrazole (Forster), T., 188; P., 25. 

C,,H,,0.S, Phenyl dithio-oxalate (Jonzs and Tasker), T., 1905; P., 247. 

C,4H,,0,S. Substance, from action of sulphur monochloride on sodium Densonte 
(DENHAM), T., 1237. 

C,,H,,0.N, Dinitrohydrozy- 1-o-, -m-, and -p-hydroxyphenylmethylbenz- 
iminazole (MELDOLA and Hay), T., 1044. 
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C,,H,,ON 2-(or 4-)Methylacridone (SenreR and SuerHEarp), T., 444. 
Phenylbenzometoxazone, action of phosphorus pentachloride on (TITHERLEY 
and Hicks), T., 915; P., 95. 
C,,H,,0,N Salicylidene-p-aminobenzoic acid, and its salts (SzenrzR and 
SHEPHEARD), T., 1948. 
C,,H,,ON, Methylenediphenylcarbamide (SznizR and SHEPHERD), T., 504. 
C,,H,,0.N. 4-Nitroso-4’-acetylaminodiphenyl (Carn), T., 717; P., 128. 
C,,H,.0,N. (3- and 5-) Nitrosalicylidene-m-toluidine (Sznier and SuHeEp- 
HEARD) T., 1953. 
C,,H,.0,N. aa’-Dicyano-f-benzylglutaric acid, and its silver salt (HAworTH), 
C,,H,,ON Salicylidene-m-toluidine, a new phototropic compound (SENIER 
and SHEPHEARD), T., 443, 1945; P., 61. 
m- and p-Hydroxybenzylidene-m-toluidine (SENIER and SHEPHEARD), 
C,,H,,0.N 7-Benzoin-a-oxime, and its mutarotation (Wren), T., 1587. 
Salicyl-m-toluidide (Srnrer and SHEPHEARD), T., 444. 


Cs Ptactynetneteamaienyhenel (Hewitt and Tuomas), T., 
204; P., 190 
C,,H,,ON, as-Benzoylmethyl-p-phenylenediamine (Morcan and Atcock), 
T., 1822; P., 202. 
Acetylbenzidine, preparation of (Cain), T., 716; P., 123. 
C,,H,,OS Benzyl sulphoxide; a possible example of dynamic isomerism 
(SMYTHE), T., 349. 
C,,H,,0.N. 2-Cyano-5-carbanilino-2-methyleyclopentan-l-one (BrstT and 
TuHorpe), T., 703. 
C,,H,,ON, Dimethylaminobenzeneazophenol, and its absorption spectra, 
and hydrochloride (HEWITT and THomAs), T., 1295; P., 190. 
o-, m-, and p-Tolyldiazohydroxylamino-p-toluene (GEBHARD and THOMP- 
son), T., 772. 
C,,H;,0,N, Ethyl 2:6-dicyano-1:1:5-trimethy 1-A®4-cyclohexadien-3-01l-6- 
carboxylate (GARDNER and Hawortn), T., 1958. 
C.4H,0,N Methyl 1-phenylpyrrolidine-2:5-dicarboxylate (Lz SuxEvur), 
a ; Es, oe 
C,,H),0,N 7-Mandelonitrile glucoside, isolation of, from Prunus serotina 
(PowER and Moore), T., 243; P., 27. 
Indican (+ 3H,0), experiments on, and estimation of (PERKIN and THoMaAs), 
Tey 2003 Ps 125. 
C,,H,,ON, Cinnamenylpiperidylearbamide (Forsrer), T., 439. 
C,,H,,0;N 1-Keto-6:7-dimethoxy-2-propyltetrahydroisoquinoline (Py- 
MAN), T., 1748. 
C,,H.,0.N 6:7-Dimethoxy-2-propyltetrahydroisoqguinoline, and its hydro- 
chloride (Pyman), T., 1748. 
Sn A nrrannE peng aaminceth piheamssehyee (Pyman), 
6:7-Dimethoxy-2-propyl-3:4-dihydroisoquinolinium hydroxide, chlor- 
ide and picrate of (PyMAN), T., 1747. 
C,,H.,0,N Glucose-p-phenetidide (+4H,O and +H,0), properties of (IRVINE 
and Gitmour), T., 1550; P., 219. 
C,,H»O,N, Tetraethylammonium styphnate, preparation and crystal- 
lography of (JERUSALEM), T., 1287. 
C,,H.,0,Br Ethyl a-bromo-l-methyleyclohexyl-4-malonate (Hope and 
PERKIN), T., 1367. 
CullsON n-Butyrobornylamide (FRANKLAND and Barrow), T., 2025; P., 
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14 {1I—15 III 


C,,H,,0,S, Diethyl a-dithiodissovalerate (Price and Twiss), T., 1055; 
P., 165. 


14 IV 

C,,H,O,NS Ethyl 3-cyano-4-keto-2-phenyliminotetrahydrothiophen- 

3-carboxylate (RUHEMANN), T., 121. 

C,,H,0,N,Br Dinitrohydroxy-1-o-, -m-, and -p-bromophenylmethylbenz- 
iminazole (MELDOLA and Hay), T., 1040. 

C,,H,O.N,S Dinitrohydroxy-l-p-sulphophenylmethylbenziminazole 
(MELDoLA and Hay), T., 1047. 

C,4H,O.N,S Dinitrohydroxy-l-o-hydroxyphenylmethylbenziminazole- 
sulphonic acid (Mxipo.a and Hay), T., 1044. 

CHn0,NS Benzenesulphonylmandelonitrile (Francis and Davis), T., 
1408. 


C,,H,,ONC] o-Methoxybenzylidene-o-chloroaniline (Senter and SuHeEr- 
HEARD), T., 1947. 

05, feee 5-Bromosalicylidene-m-toluidine (SmNreR and SHEPHEARD), 

C,,H,.0,N,S p-Toluenesulphonyl derivative of 1-hydroxy-5-phenyltetr- 
azole (ForsTER), T., 189; P., 25. 

C,,H,,0,N.S, o-Nitrobenzyl disulphide, preparation of (Price and Twiss), 
T., 1490; P., 211. 

C,,H,,.0,N.Se Nitrobenzyl diselenide (o-, m-, and p-) (Price and JoNEs), 
T., 1729; P., 234. 

C,,H,,ON;Br Bromo-o-, -m-, and -p-tolyldiazohydroxylamino-p-toluene 
(GEBHARD and THompson), T., 1119. 

C,,H,-0,N;Mo, Benzoylmethyl-p-aminobenzenediazonium molybdate 
(More@an and Atcock), T., 1325 ; P., 202. 


14 V 
C,,H,ONCI,P Substance, from phosphorus pentachloride and _phenylbenzo- 
metoxazone, and benzoylsalicylonitrile (TirHERLEY and Hicks), T., 918. 


C,,H,)O,NCL,P Substance, from phosphorus pentachloride and phenylbenzo- 
metoxazone (TITHERLEY and Hicks), T., 919. 


C,,H,O.NC],P Substance, from phosphorus pentachloride and phenylbenzo- 
metoxazone, and benzoylsalicylonitrile (TirHzRLEY and Hicks), T., 918. 


CH, 0.1,SH¢ Diacetalethylsulphonium mercuri-iodide (CLARKE and 
SMILEs), T., 1001. 


C,; Group. 
C,;sH,0, Rhein, preparation of (RoBINsoNn and SimonsEN), T., 1092. 
C,;H,)0, Chrysophanic acid, constitution of (Turrn and CLEwer), P., 200. 
C,;H,,0; Emodin, constitution of (TuTin and CLewer), P., 200. 
C,sH,0, Quercetin, from Thespasia lampas (PERKIN), T., 1859; P., 248. 
C,;H,,0, Gossypetin, from Hibiscus sabdariffa (PERKIN), T., 1855; P., 248. 
C,;H,,0, 7-Benzoin methyl ether (Wren), T., 1584. 
C,;H,,0, Carthamine (Kameraka and PERKIN), P., 223. 
C,;H»O, Ethyl a-benzoyl-a-ethylbutyrate, preparation of (Hope and 
PERKIN), T., 2048. 
C\sHyO, Androsin (+ 2H,O) (acetovanillone glucoside) (Moork), T., 746; P., 85. 
C,;H,0; Ethyl a-methoxy-l-methyleyclohexyl-4-malonate (Hope and 
PERKIN), T., 1368. 
15 Ill 
C,sH,0;N2 p-Nitrobenzaldehydeindogenide, quantitative experiments with 
(PERKIN and Tuomas), T., 796; P., 125. 
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C,;H,,0.N. -Nitrobenzoylmandelonitrile (Francis and Davis), T., 1408. 


C,sH,0,N, Dinitrohydroxy-1-o-, -m-, and -pcarboxyphenylmethy Ibenz- 
iminazole, and their silver salts (MELDOLA and Hay), T., 1041. 

C,;,H,ON 2:5-Diphenyloxazole, synthesis of (RoBINson), T. , 2169; P., 295. 

C,;H,,0.N Benzoylmandelonitrile (Francis and Davis), T, 1404, 

p-Hydroxybenzaldehydeindogenide (Perkin and Tuomas), T., 799; 

P., 125. 

C1sH},0,N Bee rtgtenantahigerategenite (PERKIN and TuHoMAs), 

, 798; P., 125 

c.H.ohr, aB-Dibromobenzylacetophenone, stereoisomeric modifications of 

(SMEDLEY), P., 259. 


C,;H,,0N m- Sensoylaminestyrene {+ H,0), preparation of (Turin, Caton, 
and Hann), T., 2125. 


C,;H,,0.N Piperonylidene-m-toluidine (Sznrer and SHEPHEARD), T., 1954. 
w-Benzoylaminoacetophenone (RosBinson), T., 2169; P., 295. 


C,;H,;,0,N o-Methoxybenzylidene-p-aminobenzoic acid (SmNnreR and 
SHEPHEARD), T., 1949. 


C,;H,,;0,N, Benzoyl-p-aminobenzenediazonium acetate (Morcan and 
Atcock), T., 1323; P., 202. 


C,;H,,0,N 5-Benzoyl amino-l-methoxy-2:3-methylenedioxybenzene 
(SALWAY), T., 1162. 


C,;H,,ON, Cinnamenylphenylcarbamide (Forster), T., 439. 


CisH,,0.N Benzoyl-p-hydroxyphenylethylamine (BARGER and WALPOLE), 
1722; P., 229. 


C,,H,,0;No Benzoyl-p-nitrophenylethylamine (BAarcErR and WALPOLE), 
T., 1721; P., 229. 

C,;H,.NoS 3-Phenyl-6-methyl-2-thio-1:2:3:4-tetrahydroquinazoline, and 
its platinichloride es (SENIER and SHEPHEARD), T., 499. 


C,;H,,ON 2-Hydroxy-5-methylbenzylidene- m-toluid ine (SENrER and 
SHEPHEARD), T., 1952. 


Anisylidene-m-toluidine, and its hydrochloride (SENIER and SHEPHEARD), 
T., 1952. 


Salicylidene-o-4-xylidine (SENIER and SHEPHEARD), T., 1945. 
Salicylidene-m-4-xylidine (SeNrizR and SHEPHEARD), T., 443. 
Salicylidene-p-xylidine (SENIER and SHePHEARD), T., 443. 
C,;H,,ON, Cinnamenylphenylsemicarbazide (Forster), T., 439. 
C.sH,,O.N a-p-Hydroxy-N-benzoylphenylethylamine (Tors, Caton, and 
Hann), T., 2123. 
Sytipiocay Seereataheegtethsionine (BARGER), T., 1128. 
Vanillidene-m-toluidine (SENIFR and SHEPHEARD), T., 1954. 
Salicyl-m- and -p-4-xylidide (SENIER and SHEepHEARD), T., 444. 
C,;H,,ON, Benzoyl-p- eminephonylethylemine, and its hydrochloride 
(BarGER and WALPOLE), T., 1722; P., 229. 
a (gla aaa anaes (MorGAN and Atcock), T., 1322; 


C,;H),ON, p-Methoxybenzeneazodimethylaniline, and absorption spectra 
of (HEwiTT and Tuomas), T., 1298; P., 190. 


C,;H,,0.N Benzoyltropeine, ool its colts (Jowett and Pyman), T., 1028. 
C,,;H,0;N o-, m-, and p-Hydroxybenzoyltropeine, and their salts (JowETT 
and PyMAN), T., 1031. 
C,;H,O.N, Phenylearbamotropeine, salts of (Jownrr and PyMan), T., 1027. 
C,,H.0;N Myristicinylideneaminoacetal, and its reduction products 
(Satway), T., 1211. 
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C,;H..O.N. 5-Imino-2-cyano-1:3-dimethyl-6-et hyl-3-propyl-a®-cyclohexene- 
2-carboxylic acid (GARDNER and Haworrn), T., 1962. 

C,;H..0;N Myristicinylaminoacetal and its hydrochloride (Satway), 
T., 1212. 


C,;H,0,Sb Amyl antimonite (MacKey), T., 607; P., 98. 
isoAmyl antimonite (MacKey), T., 607; P., 98. 


15 IV 
C,sH},0.NCl pChlorobenzoylmandelonitrile (Francis and Davis), 
., 1406. 

C,;H,,ON.,S, Anhydrodiphenyldithiobiuretcarboxylic acid (RUHEMANN 
and PriksTLEy), T., 455; P., 62. 

C,;H,;,O.N,Mo, Berzoylethyl-p-aminobenzenediazonium molybdate 
(MorGAN and Atcock), T., 1325; P., 202. 

C,;H,,0N,I y-Dimethylaminobenzeneazophenol methiodide (Hewitt 
and THomas), T., 1296 ; P., 190. 


C,, Group. 
C,.Hi0, Rhein methyl ester (RoBrnson and Simonsen), T., 1092; P., 76. 
C,.H,,0, Dibenzoylethylene, refraction of (SmEpLEY), T., 219; P., 17. 
C,,H,.0, Benzoylbenzylideneacetic acid, and its sodium salt (RUHEMANN), 
*? 

C\,H,.0, 2:3:6:7-Dimethylenetetraoxydihydroanthracene (Ewins), T., 

486; P., 211. 
C,,H,.0, Hydroxydimethoxyanthraquinone (Ropinson and Simonsen), 

Ze, 2 


C,,H,.0, Chrysoeriol (Turin and CLewer), T., 85; P., 12. 
C,,H,,0; m-Toluic anhydride (Denuam), T., 1240. 
Acetyl-d-benzoin (Wren), T., 1585. 
C,.H;,0; Brazilin, derivatives of (PERKIN and Ropinson), T., 381; P., 31. 
C,.H,,0, Hematoxylin, derivatives of (PERKIN and Rosrnson), T., 381; 


C\sH,;N Cinnamylidene-m-toluidine, and its hydrochloride (SENIER and 
SHEPHEARD), T., 1955. 

C,<H,,0, Pinacone, from p-hydroxyacetophenone (TuTin, Caron, and Hany), 
T., 2122. 


C,.H,.N Aminotetramethyldiphenyl (Crosstey and Hampsuire), P., 163. 

CisHoN. Diphenyldimethylethylenediamine, dihydrochloride of (DUNLOP 
and Jongs), T., 418. 

C,sH.,0, Diethyl 6-acetyl-1:5-dimethy leyclohexan-3-0 ne-2:6-dicarboxy]- 
ate (RUHEMANN), T., 115. 

C,,H.0;, Ethyl a-ethoxycyclohexylmalonate (Horr and Perk1n), T., 1366. 

C,,H»Si Benzylethylpropylisobutylsilicane (Kippine and Davis), T., 73; 

~~ 3 


16 III 
C,,H,ON Phenyliminocamphor (Forsrer and THorn3eEy), T., 949. 
C,,H,O,.N Nitrodiphenyltetracarboxylic acid (Crosstey and Hamp- 
SHIRE), P., 162. 
C,eH;,0.N. Indirubin, reduction of (PERKIN), P., 127. 
Cie6H,0.Cl, 5:8-Dichloro-1:2-, -1:3-, and -1:4-dimethylanthraquinone 
(Harrop, Norris, and WEIZMANN), T., 1314. 
C,sH,0;N, 2:5-Dinitroresorcinolazo-8-naphthol (MELpoLA and Hay), 
oy a0 


5. 


FORMULA INDEX. 16 III 


C,,H;,0.N Diketodiphenylpyrroline (RuHEMANN), T., 989. 

C,,H,,0,N Methylenedioxybenzaldehydeindogenide (PERKIN and 
Tuomas), T., 796; P., 125. 

C,,H,,0,N, 4-Nitro-2-benzeneazo-a-naphthol (MircuEeLt and Smirn), T., 
1434; P., 209. 

2-Nitro-4-benzeneazo-a-naphthol (Mircuett and Snir), T., 1432; P., 209. 
CoH, O.N Benzoyloxyhomopiperonylonitrile (Francis and Davis), 
-» 1406. 


C,,H,,.0.N. Phenylpropiolylphenylcarbamide (RunEMANN), T., 1609; 
P., 220. 


Oxime of diketodiphenylpyrroline (RunEMANN), T., 1605. 
Ci,H,,0.N, Tetraketo-2:5-dianilinopiperazine (DE Movririep and RULE), 


C,,H,,0,Cl, 3:6-Dichloro-2’:3’., -2’:4’-, and -2’:5’-dimethyl-2-benzoylbenzoic 
acid (Harrop, Norris, and WEIZMANN), T., 1314. 
C,.H,.0;N. m-Nitrobenzoyl-p-methoxymandelonitrile (Francis and 
Davis), T., 1408. 
CAPS, _bPhenytebewnplenssels, and picrate of (RosBrnson), T., 2170; 
oy 295. 


C,,H;,0.N Benzoyl-p-tolylglycollonitrile (Francis and Davis), T., 1405. 
Diketodiphenylpyrrolidine (RuHEMANN), T., 990. 
C,,H,,0,N p-Anisoylmandelonitrile (Francis and Davis), T., 1407. 
Benzoy]-o- and -y-methoxymandelonitrile (Francis and Davis), T., 1405. 
C,,H,,0,N Aminodimethoxyanthraquinone (RoBINSON and SIMONSEN), 
C:;H,,0;N Substance, from anisaldehydecyanohydrin and hydrogen chloride 
(McCombs ard Parry), T., 587; P., 95. 


C,,H,,0,S. Substance, from sulphur monochloride and silver phenylacetate 
(DENHAM), T., 1239. 


Substance, from.sulphur monochloride and silver o-toluate (DENHAM), T., 1239. 


Substance, from sulphur monochloride and silver m-toluate (DENHAM), T., 
1239. 


Substance, from sulphur monochloride and silver p-toluate (DENHAM), T., 
1240. 


C,.H,;;0O.N w-Phenylacetylaminoacetophenone (Roxtnson), T., 2170; P., 
295. 


C,,H,;0,N 1:2-Dihydropapaveroline, and its hydrochloride (+4H,O) (Py- 
MAN), T., 1622. 


C,,H,,0.N. w-Phenylacetylaminoacetophenoneoxime (Robinson), T., 
2170; P., 295 
4-Nitroso-4’-acetylamino-3:3’-ditolyl (Cary), T., 717; P., 128. 
C,,H,,.N.S 3-0- and -p-Tolyl-6-methyl-2-thio-1:2:3:4-tetrahydroquinazoline 
(SENIER and SHEPHEARD), T., 503. 
C,,H,;,.N,Si Silicotetrapyrrole (Reyno.ps), T., 505. 
Croll, ON o-Methoxybenzylidene-o-4-xylidine (SENrer and SHEPHEARD), 
»-, 1946. 
Salicylidene-¥-cumidine (SENIER and SHEPHEARD), T., 443. 
C,sH,),0.N a-Hydroxy-8-phenylacetylamino-a-phenylethane (ROBINSON), 
T., 2171; P., 295. 
Salicyl-y-cumidide (SENrER and SHEPHEARD), T., 444. 
Nitrotetramethyldiphenyl (Crosstry and Hampsuire), P., 162. 
C,.H,,0.N; p-Dimethylaminobenzeneazophenyl acetate (Hewitt and 
Tuomas), T., 1296; P., 190. 
C,,H;,0;N; 0-, m-, and p-Carbe thoxy benzenediazohydroxylamino-p-tolu- 
ene (GEBHARD and THompson), T., 773. 
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16 III—16 1V 


C,,Hy,O,N Tetrahydropapaveroline, hydrochloride of (Pyman), T., 1619. 

C,.H,,ON, Acetyltolidine (+H,O) (Cary), T., 717; P., 123. 

C,,H,,O.N m- and p-Hydroxyphenyliminocamphor (Forster and Tuory- 
LEY), T., 950, 954. 

C,<H;,0;N Glucose-f-naphthylamide (+H,O) (Irvine and Gitmovr), T., 
1552; P., 219. 

C,,H»~O.N. Nitrosophenylaminocamphor (Forsrer and TuHorNLEy), T., 
950. 


C,<=H»O;N, Camphoryl-o-, -m-, and -p-nitrophenyltriazen (Forster and 
GARLAND), T., 2062. 
C,,H.,ON Phenylaminocamphor (Forster and THORNLEY), T., 950. 
C,,H.,ON, Phenylhydrazone of isonitrosocamphor, isomeric forms of 
(Forster and THoRNLEY), T., 956. 
a of camphorquinonephenylhydrazone (Forster and THORNLEY), 
955. 
Camphorylphenyltriazen, and its silver derivative (ForstER and GarR- 
LAND), T., 2051; P., 244. 
C,,H.,0.N p- Hydroxy phenylaminocam phor (Forster and THoRNLEY), T., 
951. 


Phenylacetyltropeine, salts of (JowEtr and PyMAn), T., 1028. 
CioH0.N Ethyl 1-phenylpyrrolidine-2:5-dicarboxylate (Le SvEvur), T., 
: P., 36. 
O.H.0.N, Phenylaminoacetyltropeine, and its dihydrobromide and di- 
picrate (JowErr and PymAn), T., 1025. 
C,,H»O;N. «-Hydroxy-s-2- pyridylpropionyltropeine, and its salts 
(JOWETT and PyMAN), T., P02. 


16 IV 

C,<H,O;N;Br;, 2’:4’:6’-Tribromo-4-nitro-2-benzeneazo-a-naphthol (Mir- 

CHELL and SmiTH), T., 1436; P., 209. 
2':4':6’-Tribromo-2-nitro-4-benzeneazo-a-naphthol (MiTcHELL and SmirTsB), 

T., 1436; P., 209. 

C,,H,O,N.Cl, 5:8-Dichlorodinitro-1:2-dimethylanthraquinone (Harrop, 
Norris, and WEIzMANN), T., 1315. 

C,.H,0,NCl, 5:8-Dichloronitro-1:3- and -1:4-dimethylanthraquinone 
(Harrop, Norris, and WEIzMANN), T., 1317. 

CiHO.NBr, Dibromodiketodiphenylpyrrolidine (RuHEMANN), _ T., 


C,sH,,0.NS 2:4-Diketo-3-phenyl-5-benzylidenetetrahydrothiazole (Rv- 
HEMANN), T., 120. 

C,.H,,0,NS 2:4-Diketo-3-phenyl-5-salicylidenetetrahydrothiazole (Rv- 
HEMANN), T., 120. 

C,.H,,0,N;S 1:3-Diphenyl-2-thiovioluric acid (IsHERWwoop), P., 121: 
(WHITELEY and Mounrtaln), P., 122. 

C,.H,,0,C1,.Br 3:6-Dichloro-5’-bromo-2':4’-dimethyl-2-benzoylbenzoic 
acid, and its sodium salt (HARROP, Norris, and WEIZMANN), T., 1316. 

CicH,0,N2S 1:3-Diphenylthiobarbituric acid, preparation of (IsHERWOOD), 


Fis ; (WHITELEY and Mountary), P., 121. 
6,H,.0.N.CL, 8:3’-Dichloro-4:4’ diacety ldiaminoasobensene (Carn), T., 
716; P., 123. 


C,.H;,0,N,Br Bromo-o-carbethoxybenzenediazohydroxylamino-p-tolu- 
ene (GEBHARD and THompson), T., 1121. 

Ci6H,,0;NS Diethyl 4-keto-2-phenyliminotetrahydrothiophen-3-di- 
carboxylate Tien pe 

ear 7 aha p-Chlorophenyliminocamphor (Forster and THorN ey), T., 
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C,,H»ONC] p-Chlorophenylaminocamphor (ForsTer and TuHorNuey), T., 
954. 
CH, ON,Br Camphoryl-p-bromophenyltriazen (Forster and GARLAND), 
-, 2065. 


CisH»ON;I v-Methoxybenzeneazodimethylaniline methiodide (Hzew- 
1rt and Tuomas), T., 1298; P., 190. 


CisH»O.NC] Phenylchloroacetyltropeine, and its salts (Jowrrr and 
Pyman), T., 1024. 


CisHe,O;NS 7-Menthylamine benzenesulphonate (Kippinc and MARTIN), 
T., 493; P., 66. 

C,sH.,0;SSi d/-Benzylethylpropylisobutylsilicanesulphonic acid, and 
its salts (KipPING and Davis), T., 69; P., 9. 


16 V 


~ Cy6H,;0;NBr.S Diethyl-5-dibromo-4-keto-2-phenyliminotetrahydrothio- 
phen-3-dicarboxylate (RUHEMANN), T., 122. 


C,, Group. 


C,,H,.0, Dimethylrhein (Rosinson and Simonsen), T., 1093; P., 76. 
Rhein ethyl ester (RoBINSON and SimonsEN), T., 1092; P., 76. 
C,,H,,0, Chrysophanic acid dimethyl ether (Turin and CiEewer), P., 
302. 


C,,H,,N 2:3:7:8-Tetramethylacridine, and its aurichloride and platinichlor- 
ide (SENIER and Compton), T., 1626; P., 220. 


C,H» 0; ns a yee hydrogen camphorate, and its rotatory 
power (Hi.pitTcu), T., 337. 

C,,H20, o-Tolyl hydrogen camphorate, and its rotatory power (HILDITCR), 
T., 337. 


C,;H.,0, Ethyl pentane-adde-tetracarboxylate (Dosson, Ferns, and Per- 
KIN), T., 2011; P., 263. 

C,,H,,0, Ethyl 6-methoxybutane-aayy-tetracarboxylate (PERKIN and 
SrmonsEyn), T., 1171. 


17 III 
C,,H,,0,N 2:3-Diketo-4-phenyl-5-piperonylpyrroline (RuHEMANN), T., 
1608. 


C,,H,,0,C1 Dimethylrhein chloride (Roprnson and Simonsen), T., 1094; 
) 

C,,H,,0N Salicylidene-a-naphthylamine (SzNrER and SHEPHEARD), T., 
443. 


C,,H,,0.N Phenylpropiolylphenylacetamide (RuHEMANN), T., 991. 
Cinnamoylmandelonitrile (Francis and Davis), T., 1408. 
a-Benzoyloxy-y-phenylisocrotononitrile (FRANcts and Davis), T., 1406. 
Salicyl-a- and -8-naphthalide (Senrer and SHEPHEARD), T., 444, 445. 
2:3-Diketo-4-pheny]-5-o-tolylpyrroline (RuHEMANN), T., 990. 
2:3-Diketo-4-phenyl-5-m- and -p-tolylpyrroline (RuHEMANN), T., 1606. 

C,,H,,0,N 2:3-Diketo-4-phenyl-5-anisylpyrroline (RUHEMANN), T., 1607. 
5 een ese (PERKIN and THomAs), T., 799; P., 


CurH,05N Dimethylrheinamide (Ropinson and Simonsen), T., 1095; 
og Oe 


CrrHhs,0,No Phenylpropiolyl-p-tolylearbamide (RuHEMANN), T., 1609; 
»» 220, 
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17 I1I—17 IV 


C,,H,,0,N Dinitrohydroxy-1l-o-, -m-, and -p-carbethoxyphenylmethyl- 
benziminazole (MELDOoLA and Hay), T., 1041, 1042. 

C,,H,,0,N 2-Phenyl-5-veratryloxazole, and its hydrochloride (RoBINson), 
T, 2172; P., 295. 

Curls, ON p-Anisoyl-p-methoxymandelonitrile (Francis and Davis), T., 
407. 


C,,H,,0;N, Dinitrohydroxy-1-(1:3:5-)trimethylphenylmethylbenzimin- 
azole (MELDOLA and Hay), T., 1047. 

C,,H,,0,N Benzoyl-8-amino-§’-0-tolyloxyisopropyl alcohol (Boyp and 
KyowtTon), T., 1805. 

C,,H»O;N. 0o-, m-, and p-Nitroanilino-d-methylenecamphor (Pore and 
READ), T., 182. 

Ci;,Hy»0;S o-Aldehydophenyl camphor-§-sulphonate, and its rotatory 
power (HixpiTcx), T., 338. 

C,,H,ON Anilino-d-methylenecamphor, rotatory power of (Pore and 
Reap), T., 177; P., 19. 

a Petree stiminessmpher (ForsTteR and THORNLEY), 

Cinnamoyltropeine, and its salts (Jowztt and PyMAy), T., 1029. 

C,,-H.N.I Methiodide of diphenylpiperazine (Duntop and Jongs), T., 

419, 


C,,H..0.N. Camphorylphenyl-y-carbamide (Forster and GARLAND), T., 
2061. 


C,,H»OG;N. o-, m-, and p-Nitrobenzobornylamide (FRANKLAND and Bar- 
Row), T., 2035; P., 263. 

C,,H»0,N, Camphoryl-o-, -m-, and -p-nitrophenylmethyltriazen (Fors- 
TER and GARLAND), T., 2067. 

Cy,H.0,S o-Tolyl camphor-8-sulphonate, and its rotatory power (HIL- 
pitcH), T., 338. 

C,,H.,0N, Camphorylphenylmethyltriazen (Forster and GARLAND), T. 
2066. 


CuHZ0.N | p-Methoxyphenylaminocamphor » (ForsTER and THORNLEY), 


C,,H.,0.N, Camphoryl-p-methoxyphenyltriazen (Forsterand GARLAND), 
T., 2064. 


C,,H.,0,N a-Hydroxy-8-pheny!propionyltropeine, and its salts (JowETT 
and PyMAN), T., 1023. 
Atropine, resolution of, and its aurichloride, auribromide and picrate (BARROW- 
CLIFF, and TuTIN), T., 1966; P., 256. 
d-Hyoscyamine, auribromide (+ H,O) and picrate (BARROWCLIFF and TuTIN), 
T., 1976; P., 257. 
C,,H.,0,N Atroglyceryltropeine, and its salts (Jowerr and Pymay), T., 
1022. 


C,,HNoI Methiodide of diphenyldimethylethylenediamine (Dtntor 
and JonEs), T., 418. 


17 IV 


C,,H,,0,N,S 8-Naphthalenesulphonyl] derivative of 1-hydroxy-5-phenyl- 
tetrazole (ForstEr), T., 189; P., 25. 

C,,H,,0N.Br Bromo-o- and -m-tolueneazo-8-naphthol (GEBHARD and 
THompson), T., 1120. 

C,,H2ON,Br Camphoryl-p-bromophenylmethyltriazen, and its salts 
(FORSTER and GARLAND), T., 2070. 

C,,H.,0,NS Camphor-s-sulphonyl-p-toluidide, and its rotatory power 
(Hitprrcn), T., 338. 

2276 
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17 V—18 III 


17 V 


CrH0,NCIBr Methobromide of phenylc hloroacetyltropeine (Jowett 
and Pyman), T., 1024. 


C,, Group. 


C,sH,)0. Naphthacenequinone, derivatives of (HARRop, Norris, and WEIz- 
MANN), T., 279; P., 33. 
C,,H,,0, Trimsthenyeoenersacimounarix and its hydrobromide (PERKIN 
and Rostnson), T., 401. 
C,3H,,0, Xanthoeridol (TuTIn and CLEwer), T., 84; P., 12. 
CisH|;N y-Cyano-e- _—— Afs.pentadiene (Haworth), T., 487. 
C,.H,,0, Lactone droxytrimethoxybenzoincarboxylic acid 
(PERKIN and a, cs 405. 
C,3H,,0, «- Desylisbutyric ook, formation of (Gray), T., 2148. 
C,3H),0, Hydroxytrimethoxybenzoincarboxylie acid (PERKIN and 
Rosrinson), T., 404. 
CisH, No Siminenayane- -ay-di-o-, -m-, and -p-tolylpropane (Best and 
THORPE), T., 265; P., 28. 
6-0-Tolyl-1 -methyl- 5: 7. naphthylenediamine, and its dihydrochloride 
(Besr and THorpe), T., 266; P., 29. 
6-m-Toly1-2-methyl-5: 7. naphthylenediamine, and its dihydrochloride 
(BEst and THorps), T., 269; P., 29. 
7-p-Toly]-2-meth y1-6:8- naphthylenediamine and its dihydrochloride (BEst 
and THorPE), T., 272; 9 
C,3H,.Ns adhere i (Bismarck-brown), rate of 
formation of (VELEY), T., 1189; P., 175. 
C,;H»~O, Substance, from ‘caltetion of laudanosine (PyMAN), T.,°1269. 
C,;H.,0,; Menthyl r-mandelate, partial racemisation of, and the /BdA- and 
/B/A-salts and their solubilities (FINDLAY and HickMmAns), T., 13886; P., 196. 


18 III 
C,sH,0;Cl, 7:8:9:10-Tetrachloro-l-hydroxynaphthacenequinone (Har- 
Rop, Norris, and WEIZMANN), T., 287. 
C,sH,O,Cl, 7:8:9:10-Tetrachloro-1:6-dihyd roxynaphthaceneq uinone 
(Harrop, Norris, and WEIZMANN), T., 287. 
C,,H,0,Cl, 7:10-Dichloro-l-hydroxynaphthacenequinone (HARRop, 
Norris, and WEIZMANN), T., 283 
C,;H,0,Cl, 7:10-Dichloro-1:5- and -1:6-dihydroxynaphthacenequinone 
(Harrop, Norris, and WEIZMANN), T., 283, 284. 
C,sH,0,Cl, 3:4:5:6-Tetrachloro-l’ hydroxy- 2-B-naphthoylbenzoic acid, 
and its sodium salt (HARRop, Norris, and WEIZMANN), T., 286. 
C,sH;)0,Cl, 3:6-Dic hloro-1’ vl ee 2-B- naphthoylbensoic acid (Har- 
rop, Norris, and WEIZMANN), T., 282. 
C,.H,,0.N, Hydroxyaposafranone, <a of (Hewirt, NEWMAN, and 
WINMILL), T., 581; P., 86. 
C,sH,.0,As, Resorcinyl arsenite (LANG and Woopnovss), P., 199. 
C,,H,,0,N, 4-Nitro-2-benzeneazo-a-naphthyl acetate (MircHELL and 
SMITH), T., 1485; P., 209. 
2-Nitro-4-benzeneazo-a-naphthyl acetate (MircHeLL and Swmirn), T., 
1433; P., 209. 
C,;H,;0;N p-Acetoxy-w-phthaliminoacetophenone (TuTIn, Caton, and 
Hann), T., 2119. 
C,.H,,0,Br  Bromotrimethoxycoumaronoisocoumarin (PERKIN and RosIn- 
son), T., 408. 
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18 I1I—18 IV FORMULA INDEX. 


C,,H,,ON. Methylenephenyl-a-naphthylcarbamide (SENrER and Suep- 
HEARD), T., 504. 
C,,H,,ON, Benzeneazobenzeneazophenol, dihydrochloride (Hewitr and 
THOLE), T., 1396; P., 208. 
C,,H,,0,N, Dinitroacetoxy-l-o-, -m-, and -p-acetoxyphenylmethylbenz- 
iminazole (MELDOLA and Hay), T., 1044, 1046. 
C,,H,,ON 2-Hydroxy-a-naphthylidene-m-toluidine (SENIER and Suep- 
HEARD), T., 1954. 
C,,H,,0,N Cinnamoyl-p-methoxymandelonitrile (Francis and Davis), 
# ‘ é 
C,,H,,0,8Sb Phenyl antimonite (MacKey), T., 608; P., 98. 
C,,H,;0,N Substance, from chloroxylonine and hydriodic acid (AuLD), T., 967. 
CisH},ON, s-p-Tolyl-a-naphthylearbamide (SzNrER and SHEPHEARD), 
-» 502. 


C,,H,,ON, Phenosafranine, constitution of (Hzw1tt, NEwMAN, and WINMILL), 
T.4 O¢7 3 P., 86. 
CisH,,0,N. 3-K et 0-2:5-di-p-methoxydiphenyl-3:4-dih y dro-1:4-diazine, 
and its hydrochloride and picrate (McComBiz and Parry), T., 588; P., 95. 
C,,H,,0;N, Substance, from phenylhydrazine and oxidation products of mucic 
acid (FERRABOSCHI), T., 1249. 

C,.H,,OSi Triphenylsilicol, action of fuming sulphuric acid on (Kippine and 
MartTIN), T., 489; P., 66. 

C,.H,,ON y-Cyano-e-hydroxy-8e-diphenyl-Ag-pentene (Hawortn), T., 488. 

C,,H,,O.N Benzoyleumylglycollonitrile (Francis and Davis), T., 1406. 

C,.H,,0,N 2-Benzyl-5-veratryloxazole (Ropinson), T., 2173; P., 295. 

C,.H,,O,N 2-Benzoylamino-5:6-dimethoxy-l-hydrindone (Rosrnson), T., 
2173 ; P., 296. 

C,,H,,0,N, Monoanilide of 1-phenylpyrrolidine-2:5-dicarboxylic acid 
(Le Susur), T., 278. 

C,sH;,0,N w-Phenylacetylaminoacetoveratrone (Rosinson), T., 2172; 

+» 296. 

C:;H.,ON Methylanilino-d-methylenecamphor, rotatory power of (PoPE 

and Reap), T., 179. 
p-Toluidino-d-methylenecamphor, rotatory power of (Pope and Reap), 

Beg, BEe 5 Ee, 

C,,H.,0.N “cesneong a ** aeeaiemaaa ata and its hydrochloride (ForsTER 
and THORNLEY), T., 952. 

C,;H.,ON o-, m-, and p-Toluobornylamide (FRANKLAND and Barrow), T., 
2040 ; P., 263. 

C,;H,,0.N, Camphoryl-p-methoxyphenylmethyltriazen (Forster and 
GARAND), T., 2069. 

C,,H.,0,N Senecifolidine, and its salts (Warr), T., 475; P., 68. 

C,,sH»0;N. Hydroxylamino- derivative of p-ethoxyphenyliminocamphor 
(ForsTER and THORNLEY), T., 952. 

C,sH.N.I, Dimethiodide of diphenyldimethylethylenediamine (Dun- 
LoP and Jongs), T., 418. 

C,sH2,0,N Senecifoline, and its salts (Warr), T., 469; P., 68. 


18 IV 


C,,H,0,C1,Br 3:4:5:6-Tetrachloro-4’-bromo-l’-hydroxy-2-8-naph th oyl- 
-—- ic acid, and its sodium salt (HARRop, Norris, and WEIZMANN), 
T., 287. 

C,,H,O;NCl, 7:10-Dichloro-6-amino-l-hydroxynaphthacenequinone 
(Harrop, Norris, and WEIZMANN), T., 284. 
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FORMULA INDEX. 13 IV--19 II 


C,,H,0,C1,.Br 3:6-Dichloro-4’-bromo-l’-hyd roxy-2-8-naphthoylbenzoic 
acid (Harrop, Norris, and WEIZMANN), T., 283. 
C,sH,;0.NS 2:4-Diketo-8-phenyl-5-cinnamylidenetetrahydrothiazole 
(RUHEMANN), T., 120. 
C,.H,,0;N,Hg 4-Nitro-2-benzeneazo-anaphthol mercuriacetate 
(MITCHELL and SmirnH), T., 1435; P., 209. 
2-Nitro-4-benzeneazo-a-naphthol mercuriacetate (MIrcHELL and Smit), 
T., 1433; P., 209. 
C.sH,,05NoHg. B-Benzeneazo-a-naphthol mercuriacetate (MITCHELL and 
SmitH), T., 1434; P., 209. 
C,sH,O,NSb Triphenylstibine hydroxynitrate (MorGan, MICKLETHWAIT, 
and WuirTBy), P., 302. 
C,,H,,ON,;AS Triaminotriphenylarsine oxide, and its hydrochloride 
and platinichloride (MorGAN and MICKLETHWaAIT), T., 1474; P., 212, 
C,,H0,NI Benzoylhordenine methiodide (BArcsEr), T., 2197. 
C,sH,0,NS Camphor-f-sulphonyl-p-acetylanilide, and its rotatory power 
(Hitpitcx), T., 339. 
C.sH0.NBr Methobromide of cinnamoyltropeine (Jowrrt and PyMAn), 
-» 10 
C,;sH.,0,5NS Camphor-8-sulphonyl-p-ethylphenylamide, and _ rotatory 
power of (HitpiTcH), T., 339. 
C,.H.,0;NBr Methobromide of a-hydroxy-8-phenylpropionyltropeine 
(JOWETT and PyMAn), T., 1023. 
C,,H,,0,NBr Methobromide of atroglyceryltropeine (Jowrrr and 
Pyman), T., 1022. 
C,.H.0;NS Tropinone d-camphorsulphonate (+ H,O) (BARRowcLIFF and 
- Tuttn), T., 1973. 
C,.H;,0;NS Tropine d-camphorsulphonate (BARROwcLIFF and TuTIN), T., 
1970; P., 257. 
ae d-camphorsulphonate (BARRowcLIFF and TutTIn), T., 1971; 
+» 207. 
18 V 
C,,H,0;NBrS y-Tropine d-bromocamphorsulphonate (+ H,O) (BARRow- 
CLIFF and TuTIN), T., 1971; P., 257. 


Cis Group. 
C,,H),N; ps -Diquinacridine, and its salts (S—ENIER and Compton), T., 
5-CH- 


1629; P., 220. 
C,,.H,.0, Diacetylrhein, preparation of (Rosrnson and Simonsen), T., 1090; 
ig 4 


C,,H,,0, 7-Methoxy-5:6-methylenedioxy-2-piperonylidene-l-hydrind- 
one (PERKIN, RoBiInson, and THoMAs), T., 1983. 
Trimethoxy-a- and -8-brazanquinone (PERKIN and Rosinson), T., 394, 398. 
N-a N-8 
CioHi;N 9:10-Dimethylpheno-| -and-| -naphthacridine, and their 
CH-B CH-a 
salts (SENIER and CompTon), T., 1627, 1628 ; P., 220. 
C,5H,,0; a- and -8-Anhydrotrimethylbrazilone, constitution of (PERKEeN and 
Rosinson), T., 381; P., 31. 
CroHH 0, Dimethylrhein ethyl ester (Ropinson and SrmonseEn), T., 1098 ; 
., 16. 
C,,H,,0, Tetramethoxycoumaronoisocoumarin, hydrobromide of (PERKIN 
and Rosrnson), T., 407. 
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19 II—20 II 


C,,H,,0. Anhydroacetonebenzil, direct proofs of the presence of the hydroxyl 
oup in derivatives of (Gray), T., 2131; P., 218; isomerides of, and its 
erivatives (GRAY), T., 2138; P., 218. 

4-Methoxy-3:4-dipheny]-2-methy]-A*-cyclopentenone (Gray), T., 2135. 
3:4-Diphenyl-5:5-dimethy1-A*-cyclopenten-]-one-2-0l (Gray), T., 2146. 
C,,H,,0, Ay-Diphenyl-aa-dimethylbutyrolactone-y-carboxylic acid 
(+H,0), and its silver salt (Gray), T., 2148. 
C,9H:,0, Trimethylbrazilone, constitution of (PerKIN and Rostnson), T., 
C,9H,,0, Lactone of tetramethoxybenzoincarboxylic acid (PERKIN and 
Rosrnson), T., 405. 
Eriodonol, (and +H,0) (TuTIn and CLEwER), T., 86; P., 12. 
CipH»O 3:4-Diphenyl-5:5-dimethy leyclopentenone (Gray), T., 2147. 
CisH 20, Ethyl a-benzoyl-8-phenylisobutyrate (Horz and Perrkrn), T., 
2046. 


C,,H»O; o-Hydroxy-a8-diphenyl-yy-dimethylglutaric acid, sodium salt 
(Gray), T., 2150. 


19 III 
C,o.H,,0.N Benzoyl-8-naphthylglycollonitrile (Francis and Davis), T., 
1406. 


C,9H,;0.N Lactone of y-cyano-e-hydroxy-fe-diphenyl-Ae-pentene-y-carb- 
oxylic acid (Hawortn), T., 487. 

C,,H,,0;N Diacetoxybenzaldehydeindogenide (PERKIN and Tuomas), T., 
798; P., 125. 

CoH ON Nitro-a-anhydrotrimethylbrazilone (PERKIN and Rosinson), 


C,.H;,0,N. m-Carbethoxybenzeneazo-8-naphthol (GEBHARD and Tuomp- 
son), T., 1121 

C,9H,,0.N 2:3-Diketo-4-phenyl-5-cumylpyrroline (RunEMANN), T., 1607. 

CioH,,0,N y-Cyano-e-hydroxy-Se-diphenyl-Aa-pentene-y-carboxylic acid 
(HawortTsH), T., 487. 

C,,H,,ON, Diaminotriphenylcearbinol, rate of reaction of, with acid and 
alkali (Sipcwick and Rivet), T., 899; P., 124. 

Ci5H;,0.N Oxime of 68-dimethylanhydroacetonebenzil (Gray), T., 2147. 

CipH,ON Oxime of 3:4-diphenyl-5:5-dimethyleyclopentenone (Gray), T., 
2148. 

C,,H.,0,.N Benzoyl derivative of 3-cyano-1:2:4-trimethyl-4-ethy]l-A!-cyclo- 
hexadien-6-0l (GARDNER and Haworrtnh), T., 1960. 

C,.H,0,.N, Methylglucosazone (Ik. 1NE and Hynp), T., 1225. 

CioHo,ON d- and /-c-Phenylethylamino-d-methylenecamphor (Pore and 
Reap), T., 172, 174. 

19 IV 

C,,.H,,ON;P Phenyliminophosphorylphenylbenzamidine  (TITHERLEY 
and WoRRALL), T., 1154; P., 150. 

Cio9H,,0.N.S 1:3-Diphenyl-5-isopropenyl-2-thiobarbituric acid (WuTE- 
LEY and MountTarn), P., 121. 

C,9H,,0.N.S 1:3-Diphenyl-5-isopropyl-2-thiobarbituric acid (WHITELEY 
and Mounratn), P., 121. 


3 C.. Group. 
a-N-6 
CoH) .No des sregeshogsinacsisine, and its aurichloride (SENIER and 


ComrTon), T., 1631; P., 220. 
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FORMULA INDEX. 20 II-20 Mi 


B-N-6 
C.yHioNe | -Naphthaquinacridine, and its salicylate (SENIER and 
a-CH-5 


Compton), T., 1632 ; P., 220. 

C..H,;,0, Tetramethoxy-a-brazanquinone (PERKIN and Rosinson), T., 399. 

CH,N, Benzeneazobenzeneazodimethylaniline, and its hydrochloride 
(Hewitt and THoLe), T., 1395; P., 208. 

CHO. 4-Ethoxy-3:4-diphenyl-2-methyl-A®-cyclopentenone (Gray), T., 
2134. 

2-Methoxy-3:4-diphenyl-5:5-dimethyl-A®-cyclopentenone (Gray), T., 

2147. 

C»H20, Ethyl a-benzoyl-8-phenyl-a-ethylpropionate (Horr and PEr- 
KIN), T., 2050. 

C»H,0; Eugenyl hydrogen camphorate, rotatory power of (HILDITCH), 
T., 336. 


isokKugenyl hydrogen camphorate, and its rotatory power (HILDITCH), 
C»H,0, 7-Menthyl d-, l-, and dl-acetylmandelate (McKEnziz and Hum- 
PHRIES), T., 1109, 1111. 
C.»H.,0, Cynotoxin (FINNEMORE), P., 77. 


20 III 
C»H,,0,N. a5-Dicyano-fy-diphenyl-Ag-butene-ad-dicarboxylic acid, and 
its potassium and sodium salts (HAworTH), T., 486. 
CxpH,,ON. 3-Keto-2:5-distyry1-3:4-dihydro-1:4-diazine, and its hydrochloride 
(McComBiE and Parry), T., 589; P., 95. 
C»H,0.N. Disalicylidene-p-phenylenediamine (SENIER and SHEPHEARD), 
C,,H,,O.N, Benzeneazobenzeneazophenyl acetate (Hewitt and THOLE), 
T., 1397; P., 208. 
C.»H,,0,N Nitro-a-anhydrotrimethylbrazilone methyl ether (PERKIN 
and Roginson), T., 394. 
C..H,,0,P Phenyl di-p-tolyl phosphate (Lurr and Krppine), T., 2002. 
C.pH,,0,N 1:2-Dihydropapaverine, (and +3H,0) and its hydrochloride 
(PyMAN), T., 1620; P., 217. 
C.,H,,0,N Tetrahydropapaverine, and its salts (PyMAN), T., 1614 ; P., 217. 
C.,H,,0;S Eugenyl camphor-8-sulphonate, and its rotatory power (HiL- 
pitcu), T., 338. 
oe camphor-f-sulphonate, and rotatory power of (HILDITCH), 
C.pH2,0,N Dihydroxydi-o-tolyloxydipropylamine (Boyp and KnowL- 
TON), T., 1805; P., 235. 
C.oH»,0,,N Amygdalin, hydrolysis of (AuuD), T., 927 ; P., 62; (WALKER and 
KRIEBLE), T., 1369; P., 203. 
isoAmygdalin, experiments on (Turin), T., 663 ; P., 118. 
C»H»,0,Hg,; Substance, from action of potassium hydroxide on CyH4.0,I,Hg, 
(MarsH and SrruruHers), T., 1787. 
C.oH;,0;Hg, Mercuricamphor oxide (Marsn and SrrurueErs), T., 1785. 


C.H30,N, Fumaroyltropeine, and its hydrochloride and hydriodide (Jowerr 
and Pyman), T., 1026. 


CyH;,0,P Dicamphorylphosphinic acid (MorcAN and Moors), P., 310. 
CyH;.0,N. Tartryltropeine, and its salts (Jowrrr and Pyman), T., 1026. 
CH;,0.N 2-Menthylamine d-8-phenyl-a-methylpropionate (PicKARD 
and Yarss), T., 1019 ; P., 152, 
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20 IV—21 IV FORMULA INDEX. 


20 IV 

C»H,,0.N.Br, 5:5’-Dibromodisalicylidene-y-phenylenediamine (SENIER 
and SHEPHEARD), T., 1953. 

C»H,,ON.Br, 3-Keto-2:5-distyryl-3:4-dihydro-l:4-diazine tetrabromide 

(McComBiz and Parry), T., 590. 


C., Group. 


Cn H,0, Diacetylrhein ethyl ester (RoBINsSON and SimonsEN), T., 1092; 
76. 


Cu Ha 05 4-Acetoxy-3:4-dipheny1-5:5-dimethyl-A®-cyclopentenone (Gray), 
»» 2137 


C»H»0,. Quercimeritrin, from Gossypium herbacewm, and its potassium salt 
(PERKIN), T., 2185; P., 291. 


isoQuercitrin, from Gossypium herbaceum (PERKIN), T., 2190; P., 292. 
C»H»0,; Gossypitrin, from Gossypiwm herbaceum (PERKIN), T., 2189; P., 292. 


C.H.,N, Bistolueneazotolylenediamine (Vesuvine), rate of formation of 
(VELEY), T., 1197 ; P., 175. 


21 III 

C..H,,0,N 3:4-Dibenzoyloxybenzonitrile (Ewrns), T., 1488. 

C.,H,,0;,N Carbanilido-l-benzoin (Wren), T., 1586. 

C.H,,0,N Nitroacetyl-c-anhydrotrimethylbrazilone (PERKIN and 
Rosinson), T., 393. 


Nitroacetyl-8-anhydrotrimethylbrazilone (Perkin and Rosrnson), T., 


C»H,,0,N Ethyl a-cyano-8-benzoyl-a-styrylpropionate (Haworth), T., 
484. 


C..H»0,N, Benzoyl! derivative of ethyl 2:6-dicyano-1:1:5-trimeth yl-a®#- 
cael ieee (+H,O) (GarpNER and Haworrts), T., 
1959. 

C,H,0,N Oxime of 4-acetoxy-3:4-diphenyl-5:5-dimethyl-A®-cyclopenten- 
one (Gray), T., 2147. 

C.,H,0,Sb o-, m-, and p-Tolyl antimonite (MacKey), T., 608; P., 98. 

C.,H.,0N SE Eiesegmeinetasthylencegmphes, rotatory power of 
(Pork and Reap), T., 178; P., 19. 

C.Ho,ON ac-Tetrahydro-8-naphthylamino-d-methylenecamphor (POPE 
and Reap), T., 180. 

C.H:,0,N Laudanosine, oxidation of (PyMAN), T., 1266; P., 190; hydriodide 
of (PyMAN), T., 1616. 

C.,H,,0.N 7-Menthylamine d-A*-dihydro-2-naphthoate (Pickarp and 
YaTEs),.T., 1014 ; P., 152. 

C.,H.0.N /-Menthylamine d-phenylallylacetate (Pickarp and YATEs), 
T., 1016; P., 152. 

C.,H,,0.N. 5-Imino-2-cyano-1:3-dimethy]-6-amy1-3-hexy1l-A®-cyclohexene- 
2-carboxylic acid (GARDNER and Haworts), T., 1964. 

CH;,0.N 7-Menthylamine d-8-phenyl-a-ethylpropionate (PicKARD and 
YATES), T., 1018; P., 152. 

l-Menthylamine a-phenylvalerate (PickarD and Yarss), T., 1017; P., 
152. 


21 IV 

C.,H,,0,NSS Ethyl 3-cyano-4-keto-2-phenylimino-5-benzylidenetetra- 
hydrothiophen-3-carboxylate (RUHEMANN), T., 121. 
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C.,H,0;N,S Pyridine 
MounraIn), P., 122. 

C.H,O.NS Ethyl 3-cyano-4-keto-2-phenylimino-5-salicylidenetetra- 
hydrothiophen-3-carboxylate (RUHEMANN), T., 121. 

C.,H.0,N,S Piperidine §-1:3-diphenyl-2-thioviolurate (WuiTELey and 

Mounratn), P., 122. 


B-1:3-diphenyl-2-thioviolurate (WurireLey and 


C.. Group. 


C..H,,0. cis-a8-Dibenzoylstyrene, refraction of, and action of isoamylamine on 
(SMEDLEY), T., 219; P., 17. 
) C»H,,0. Dibenzylphthalide, formation from magnesium benzyl chloride and 
diethyl phthalate (SuiBaTa), T., 1454. 
C.H,,0, Triacetylehrysoeriol (TuTIN and CLzewer), T., 85; P., 12. 
C»Ho,N,; o-Tolueneazo-o-tolueneazodimethylaniline, and its hydrochloride 
(Hewitt and THOLE), T., 1396 ; P., 208. 
C.H,O, Menthyl piperate, and its rotatory power (H1tpiTcn), T., 1572; P., 
214. 


C.2Hy0,; sentay? aB- and By-hydropiperate, and their rotatory powers 
(Hitpircn), T., 1572; P., 214. 
C.H,.0, Menthyl piperonylbutyrate, and its rotatory power (HILDITCH), 
7, 1573 ; P., 214. 
CH, Dimenthy] oxalate, and its rotatory power (HitpiToH), T., 1579; 
-, 214. 


> 


22 III 


C..H,,.0,Cl, 7:10-Dichloro-1:6-diacetoxynaphthacenequinone (Harrop, 
Norris, and WEIZMANN), T., 284. 

C..H,,ON,; Phenylhydrazone of diketodiphenylpyrroline (RUHEMANN), 
T., 989. 


C.H),0,N w-Benzoylamino-p-benzoyloxyacetophenone (Turin, CATON, 
and Hann), T., 2120. 

C..H,,0;N a-p-Benzoyloxy-N-benzoylphenylethylamine (Turin, Caton, 
and Hann), T., 2123. 

C.H,,0,N Dibenzoyl derivative of §-p-dihydroxy-8-phenylethylamine 
(Turin, Caton, and Hany), T., 2121. 

C..H,,0.N Nitroacetyl-c-anhydrotetramethylhematoxylone (PERKIN 
and Rospinson), T., 398. 

C..H»O.N, 2:2'-Dimethoxydibenzylidene-p-phenylenediamine, and its 

i hydrochloride (SENIER and SHEPHEARD), T., 1951. 

2:2’-Dihydroxy-5:5’-dimethyldibenzylidene-p-phenylenediamine 

(SENIER and SHEPHEARD), T'., 1953. 

C.H,ON; w-Phenylacetylaminoacetophenonephenylhydrazone 
(Ropinson), T., 2170; P., 295. 

C..H»O.N. Diacetyl-6-0-tolyl-l-methyl-5:7-naphthylenediamine (Best 
and THORPE), T., 267. 

Diacety1-6-m-toly1-2-methy]-5:7-naphthylenediamine (BEsT and 
THORPE), T., 269. 
Diacetyl-7-p-toly1-2-methy1-6:8-naphthylenediamine (Best and 

THorpe), T., 272. 

C..H.0,.N, Azoantipyrine (ForsTer and Mier), T., 2076. 

C.»H,,0;,N Chloroxylonine, from Chloroxylon swietenia, and its salts (AULD), 
7.966; P., 148, 

C».H,,0,.N Tetra-acetyl-l-mandelonitrile glucoside (Powrr and Moors), 
1., 259; P., 27. 
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22 III—23 IV FORMULA INDEX. 


C..H»0,N N-Ethyltetrahydropapaverine, and its picrate (PyMAN), T., 
1744. 


CxH;,0,Si, Benzyldiethoxysilicyl oxide (Martin and Kirprne), T., 310. 


22 IV 

CoH ON Bry Bis-2’:4’:6’-tribromobenzeneazo-a-naphthol (MITCHELL and 
SmiTH), T., 1437 ; P., 210. 

C..H,,0,N,S 1: 3- -Diphenyl- -2-thioalloxan-p-nitrophenylhydrazone 
(WHITELEY and MounraAln), P., 122. 

C».H,,0.N,S 1: $-Dipheny]-2-thioalloxanphenylhydrazone (WHITELEY 
and Mounraln), P., 122. 

C..H.~O,NP a- and £A- dl- and a- and #-d-Hydrindamide of phenyl-p-toly]- 
phosphoric acid (Lurr and Kirrrine), T., 2006. 


C.,; Group. 
C300, Diacetoxytrimethoxy-a-brazan (PERKIN and Rosinson), T., 396. 
C.3H30, Glycerol dithymyl ether (Boyp and Marte), T., 1808 ; P., 285. 
C.3Hy~0, Dimenthyl malonate, and its rotatory power (HiLpITcH), T., 1579 ; 
., 214 
a isolation of, from Apocynwm androsaemifolium (Moore), T., 737 ; 
+» 85. 
23 III 
C.3H,,0;N, Phenylhydrazone of 2:3-diketo-4-phenyl-5-piperonylpyr- 
rolidine (RUHEMANN), T., 1609. 
C.,H,,0;N. Benzamide of §-benzoylaminocinnamic acid (RUHEMAYN), 
C.;H,,0N; oe of 2:3-diketo-4-phenyl-5-0-tolylpyrroline 
(RUHEMANN), 
>= oe of 2:3-diketo-4-phenyl-5-m-tolylpyrroline (RuHE- 
MANN), T., 1606. 
Phenylhydrazone of 2:3-diketo-4-phenyl-5-p-tolylpyrroline (RuneE- 
MANN), T., 1607. 
C.3H»ON. Malachite. -green (carbinol-form), rate of reaction of, with acid and 
alkali (Sipe¢wick and Moore), T., 889; P., 123. 
C.,H»,O.N, Camphordiarodiphenylcarbamide, and its isomeride (ForsTER 
and GARLAND), T., 2059. 
C.3H.,0N. Bis(2-8-meth laminoethylbenzylidene)acetone, and its di- 
hydriodide (Pyman), t, 1750. 
CoH n0.N N-Propyltetrahydropapaverine, and its picrate (PyMAN), T 
1747. 


23 IV 

CasH,,0:NC1 7(10)-C hloro-10(7)-anilino-1- SpSenyanghsenneginee 
(Harrop, Norris, and WrIzMANN), T., 285 

C.,H,;0,N,S 1:3-Dipheny]-5-o- nitrobensylidene-2-thiobarbitaric acid 
(WHITELEY and MounraIn), P., 122. 

C.,H,,0.N.S 1:3-Diphenyl-5-benzylidene-2-thiobarbituric acid (WuITE- 
LEY and MountTAltn), P., 121. 

C.,H,,0.N.S 1:3-Diphenyl-5-benzy1-2-thiobarbituric acid (WHITELEY and 
MovunrTatn), P., 122. 

C.,H.,0;NS Diethyl 4-keto-2-phenylimino-5-benzylidenetetrahydro- 
thiophen- 3-dicarboxylate (RuHEMANN), T., 122. 

C.,H,O,NS Diethyl 4-keto-2-phenylimino- ‘b- salicylidenetetrahydro- 
thiophen-3-dicarboxylate (RuHEMANN), T., 122. 
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FORMULA INDEX 23 IV—25 III 


C.3H.,0,NS Cumynes B-sulphonyl-p-benzoylanilide, and rotatory power of 
(Hitpitcu), T., 339 

C.3H3,0;NP a- and g-l-Menthylamide of phenyl-p-tolylphosphoric acid 
(LuFF and Kippine), T., 2008. 


Cu, Group. 


C.,H,,0, Benzylideneanhydroacetonebenzil, isomeride of (Gray), T., 
2143. 


3:4-Dipheny]-5-benzylidene-A®-cyclopenten-l-one-2-0l, isomeric forms of 
(Gray), T., 2144. 
C.sH»0,, Triacetylxanthoeridol (Turin and CLEweEr), T., 85; P., 12. 
CoH 10. 2:6:6-Triacetyl-1:5-diphenylcyclohexan-3-one (RUHEMANN), T., 


CH. Tetra-acety] derivative of pinacone, from p-hydroxyacetophenone 
(TutT1n, Caton, and Hany), T., 2122. 
C.4H,.0, Dimenthyl succinate, and its rotatory power (HiLpITcH), T., 1579 ; 
op hee 
24 III 
C.,H,,0,N. Phthalylmandelonitrile (Francis and Davis), T., 1407. 
C.,H,,0.N, Benzoylmethyl-p-aminobenzeneazo-8-naphthol (MorGan and 
Atcock), T., 1325 
C.sH.N,As Base, from arsenious chloride and aniline (MorGAN and MIcKLE- 
THWAIT), T., 1474. 
C.,H,,0,,.N Ethyl nitrodiphenyltetracarboxylate (CrossLEy and Hamp- 
SHIRE), P., 163. 
C.4H;,0,N. Di-p-toluidine camphorate, and its rotatory power (HiLprTcR), 
wy O84. 
Phthaloyltropeine, and its salts (Jowrrr and PyMAn), T., 1030. 


24 1V 

C.,H,;0,N,S; Benzene-1:3:5-trisulphonyltri-y-phenylenediazoimide 
(MorGan and Pickarp), P., 300. 

C.,H,,0,N,Hg Bisbenzeneazo-a-naphthol mercuriacetate (MITCHELL and 
Situ), T., 1485; P., 209. 

C.,H.,0,N,AS Triacetylaminotriphenylarsine oxide (Morcan_ and 
MICKLETHWAIT), T., 1475. 

C.,H.,0,N,S; Benzene-1:3:5-trisulphonyltri-py-phenylenediamine (Mor- 
GAN and PickARD), P., 300. 


C.; Group. 

C.;H,,0 3:4-Diphenyl-5-benzylidene-2-methylene-A*-cyclopentenone 
(Gray), T., 2136. 

C.5H30, 7-Menthyl di-benzoylmandelate (McKenziz and Humpnrigs), T., 
1112. 

C.;H,,0, Dimenthyl glutarate, and its rotatory power (HixpiTcn), T., 1579 ; 

-y 214, 
25 III 

C.;H,;0;N Diphenylpropiolylbenzamide (RuHEMANN), T., 987. 

C.;H.,0.N;, Benzoylethyl-p-aminobenzeneazo-8-naphthol (Morean and 
Atcock), T., 1325. 

C.;H..ON. Phenylbenzylhydrazide of benzylfurfuraldehyde (FENTON 
and Rosinson), T., 1836 ; P., 193. 
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25 I1I—26 III FORMULA INDEX 


C.sH.,ON, Phenylhydrazone of 2:3-diketo-4-phenyl-5-cumylpyrroline 
(RUHEMANN), T., 1607. 

C.;H.,ON. Phenylhydrazone of 3:4-diphenyl-5:5-dimethyl-A?-cyclo- 
penten-l-one-2-0l (Gray), T., 2147. 

C.;H0;N. Carbonate of 3-cyano-1:2:4-trimethy]-4-ethyl-A!>-cyclohexa- 
dien-6-o] (GARDNER and Haworts), T., 1960. 


25 IV 

C.;H,,0;NCl 7(10)-Chloro-10(7)-p-toluidino-1-hydroxynaphthacenequin- 
one (Harrop, Norris, and WEIZMANN), T., 285. 

C.;H,.0.N.S 1:3-Diphenyl-5-cinnamylidene-2-thiobarbituric acid 
(WHITELEY and Mounrarn), P., 122. 

C.;H;,0,NS Benzoyltropeine d-camphorsulphonate (BARROWCLIFF and 
TuT1n), T., 1972; P., 257. 

Benzoyl-y-tropeine d-camphorsulphonate (BARROWCLIFF and TuTIN), 

T., 1972; P., 257. 


25 V 


C.;H,,0,NBrS Benzoyl-y-tropeine d-bromocamphorsulphonate (+3H,0) 
(BARRoWCLIFF and TuTIn), T., 1972; P., 257. 


C., Group. 
C.,H,,0 1:1-Diphenyl-3-phenylenephthalan (Surpata), T., 1454; P., 
209. 


C.sHi;,0. ay-Diphenyl-y-1-naphthylallene-a-carboxylic acid (Lapworru 
and WECHSLER), P-, 307. 
CosH 0; 2-Acetoxy-3:4-diphenyl-5-benzylidene-A*-cyclopentenone, _ iso- 
meric forms of (GRAY), T., 2145. 
4-Acetoxy-3:4-diphenyl-5-benzylidene-A*-cyclopentenone (Gray), T., 
2137. 
C.sH20, Diethyl 6-acetyl-1:5-dipheny leyclohexan-3-one-2:6-dicar box yl- 
ate, and its sodium derivative (RUHEMANN), T., 112. 
C.sH.0, Dimenthyl muconate, and its rotatory power (HitpitTcn), T., 1571 ; 
-, 214. 
C..H,0, Dimenthy] a8- and By-hydromuconate, and their rotatory powers 
(Hriprrcw), T., 1572 ; P., 214. 
C.~H,0, Dimenthyl adipate, and its rotatory power (HILpITCH), T., 1572; 
P., 214. 


26 Ill 
C.sH»O3N, Benzoyl-p-aminobenzene diazo-oxide (MorcAN and ALcock), 
C..H»O,N. Trimethoxy-a-brazotoluquinoxaline (PERKIN and Rosinson), 
C.,H,0,.N; Dibenzoy]-4:4’-diaminodiazoaminobenzene (Morcan_ and 
Atcock), T., 1326. 
C.,H.,0,Br, Dibromo-derivative of diethyl 6-acetyl-1:5-diphenyleyclo- 
hexan-3-one-2:6-dicarboxylate (RUHEMANN), T., 113. 
C.,Hs,0,,N Indican (THomas, BioxaM, and Perkin), T., 824; P., 126. 
C.,H30.N, p-Phenylenebisiminocamphor (Forster and THorntey), T., 
955. 


C.sH3,0,N. Di-p-aminoacetophenone camphorate (+14$H,0), and _ its 
rotatory power (HiLpiTcH), T., 337. 
C.sH;,0,N, Ethyl ad-diethylanilinoadipate (Le Sueur), T., 278. 
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26 IV 
CgHx06N,S; l-Menthylamine benzenedisulphonate (Kripprne and Mar- 
TIN), T., 492; P., 67. 
26 V 


CosHyO,NSSi 7-Menthylamine di-benz Sart Ts lsilicane- 
. sulph onate, (and +2H,O) (Kiprine ei tenn, 3 . 


C., Group. 
CyH,0, 4-Ethoxy-3:4- pues 5-benzylidene-2-methy1-A?-cyclopenten- 
one (Gray), T., 2135. 
C.,H.,0,, Tetra- acetyleriodonol (TuTIn and CLewer), T., 86; P., 12. 
CwHyN; 6-Amino-5-0-toly1-2:4-di-o- methylbenzylpyrimidine (Best and 
THORPE), T., 266. 
6-A mino-5-m- tolyl- 2:4-di-m- < & ~ Semel rimidine, and its hydro- 
chloride (Best and THorPsE), T., 268 
6-A mino-5-p-toly1-2:4- . methylbenzyl pyrimidine, and its hydrochlor- 
ide (Best and THorPE), T. 
C.,H,,0 Hemonndvestered ee T., 740; P., 85. 
C.,H,,0, Acid, from oxidation of cholesterol, (Dont), T., 640; P., 88. 
C.,H,,0; Cholestenone ozonide (Dorfs), T., 643 ; F., 88. 
CyH,,0, Ozonide of acid C,,H,,0,, from cholesterol (Dorr), T., 641 ; P., 88. 
C.,H,,0,, Ozonide of acid C,,H,,0,, from cholesterol (Dore), T., 642; P., 88. 
C.,H,0 a-Cholestanol, action of ozone on (Dortiz), T., 647; P., 88. 
B-Cholestanone, action of bromine on (Dor&E), T., 648. 
Cholesterol, chemistry of (Dor&E), T., 638 ; P., 88 
Coprostanone, action of bromine on, and reaction of, with phenylhydrazine 
(Dor), T., 648. 
Phytosterol, from Zeballiwm elateriwm (PowER and Moore), T., 1987; P., 
260. 
wap asnen, from bark of Prunus serotina (PowER and Moors), T., 246 ; 
og Sts 
Phytosterol, from wheat germ, action of ozone on (Dor#E), T., 649. 
C.,H,O, 8-Cholestanone ozonide (Dorés), T., 645; P., 88. 
C.,H,,0, Coprostanone ozonide (Dorés), T., 647; P., 88. 
C.,H,0 Coprosterol, chemistry of (Doréx), T., 638; P., 88. 
C.,H,0, Dimenthyl pimelate, and its rotatory power (HiLprTcH), T., 1579; 
«, 214. 
B-Cholestanol ozonide (Dorf), T., 644; P., 88 
Coprosterol ozonide (Dorkk), T., 645; P., 88. 
C.,H,0, -Coprosterol ozonide (Dorés), T., 646; P., 88. 


27 Ill 

C.,H,.0;N. Tetramethoxy-a-brazotoluquinoxaline (PERKIN and Rosin- 
son), T., 399. 

C.,H.,O.N, Dicarbanilinodiphenylmethylenediamine (SENIER and 
SHEPHEARD), T., 496. 

C.,H.,N,S. Dithiocarbanilinodiphenylmethylenediamine (SeNrER and 
SHEPHEARD), T., 498. 

C.,H,,0;N N-Benzoyl-1:2-dihydropapaverine (Pyman), T., 1621. 

C.H.0;N N-Benzoyltetrahydropapaverine (PyMAN), T., 1617; P., 217. 

C.,H,,0,N, Brucine a- and /-a-triazobutyrate (Forster and MULuEnr), T., 
195. 
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27 IlI—29 Ill FORMULA INDEX 


C.,H;,0ON, Brilliant-green (carbinol-form), rate of reaction of, with acid and 
alkali (Sip@wickK and Mvuors), T., 889; P., 123. 

C.,H;,0;N. Bis(4:5-dimethoxy-2-8-methylaminoethylbenzylidene)acet- 
one (+4H,O), and its dihydrochloride (PyMAN), T., 1274; P., 190. 

C.,H,OBr, Dibromocoprostanone (Dorms), T., 649. 


27 IV 
C.,H,0;NBr Bromo-N-benzoyltetrahydropapaverine (PrmAn), T., 1617. 


CyH0,NS d- and 7-Hyoscyamine d-camphorsulphonate (BARROWCLIFF 
and TuTin), T., 1974 ; P., 257. 


Cos Group. 


CosH0, cis- and trans-s-Dibenzoylstilbene, refraction of (SMEDLEY), T., 220; 
A. 

C.sH»0, 5:8-Diphenoxy-1:2-, -1:3-, and -1:4-dimethylanthraquinone (Har- 
roP, Norris, and WEIZMANN), T., 1315, 1317, 1319. 

C.sH30, Apocynamarin (+2H,0) (Moore), P., 750; P., 85. 

C.sH;.0, Dimenthyl suberate, and its rotatory power (HitpirTcx), T., 1579 ; 

28 III 

C.3H,,0,C1, Tetrachloro-a-naphthafluoran (Harrop, Norris, and WEiz- 
MANN), T., 286. 

C.3H»O0.N, 2:2’-Dihydroxydi-a-naphthylidene-p-phenylenediamine 
(SENIER and SHEPHEARD), T., 1955. 

C.sH»O0S, 5:8-Diphenylthiol-1:2-, -1:3-, and-1:4-dimethylanthraquinone 
(Harrop, Norris, and WEIZMANN), T., 1316, 1318, 1319. 

C.,H.0.N. 5:8-Dianilino-1:2-, -1:3-, and -1:4-dimethylanthraquinone 
(Harrop, Norris, and WEIZMANN), T., 1315, 1317, 1319. 

C.3H.,0;,N, Benzoylmethyl-p-aminobenzene diazo-oxide (Morcan and 
Atcock), T., 1327. 


C.sH.,0.N, Dibenzoyldimethyl-4:4’-diaminodiazoaminobenzene (Mor- 
GAN and Atcock), T., 1326. 


C., Group. 


C»H,,0 1:1-Dibenzyl-3-benzylidenephthalan (Smrpara), T., 1455; P. 
209. 


C.H,0, Acetylhomoandrosterol (Moork), T., 740; P., 85. 
C»H;.0, Dimenthyl azelate, and its rotatory power (HiLpircH), T., 1579 ; 
“oa 


29 III 
C»H2,0;N 8-p-Dibenzoyloxy-N-benzoyl-§-phenylethylamine (TuTIN, 
Caton, and Hann), T., 2121. 
C.»H.0.N, Dicarbanilinodi-p-tolylmethylenediamine (SENIER and 
SHEPHEARD), T., 500. 
C.H..N,S, Dithiocarbo-o- and -y-toluidinodiphenylmethylenediamine 
(SENIER and SHEPHEARD), T., 499, 500. 
Dithiocarbanilinodi-p-tolylmethylenediamine (SENIER and SHEP- 
HEARD), T., 502. 
C.oH,,0,N. Brucine sorbate (+14H,0), and its rotatory power (HiLpITCcR), 
T., 1574; P., 214. 
C»H;,0,N. Brucine By-hexenoate, and its rotatory power (HiipiTcu), T., 
1574; P., 214. 
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C.oH,,0,N. Brucine n-hexoate (+3H,0), and its rotatory power (HILDITCH), 
Bey 1014: 3 FP, D4. 

C»HyO;N. Bis(4:5-dimethoxy-2-8-ethylaminoethylbenzylidene)acetone, 
and its hydrochloride (PymMAN), T., 1747. 


29 IV 


C.oH»O.N,S 5-Benzeneazo-1:3-diphenyl-5-benzy]-2-thiobarbituric acid 
(WHITELEY and Mountain), P., 122. 


Cr Group. 


CyHs»0 Androsterol (+H,O) (Moore), T., 739; P., 85. 
CyH;,0, Dimenthyl sebacate, and its rotatory power (HiLpiTcn), T., 1580; 
P., 214. 


30 III 

CyH.,.0;N, Benzoylethyl-p-aminobenzene diazo-oxide (MorGAN and 
Aucock), T., 1328. 

C,H»O.N, Dibenzoyldiethyl-4:4’-diaminodiazoaminobenzene (MorGan 
and Atcock), T., 1326. 

CyH,0,N Trihydroxytri-o-tolyloxytripropylamine, and its salts (Boyp 
and KNow.ron), T., 1806; P., 235. 

CyH30,N Trihydroxytri-o-tolyloxytripropylamine oxide (Boyp and 
KNOWLTON), T., 1806. 

CyoH,,0,.N. Substance, from reduction of myristicinylideneaminoacetal (Sau- 
way), T., 1212. 

CyH,,0;AS Tricamphorylarsinic acid, and its silver salt (MorcGAN and 
MICKLETHWAIT), T., 1476; P., 212. 

CypH50,5N, Chitin, (CypH50,9N4)n, polarimetric method of identifying, and 
constitution of (IRVINE), T., 564; P., 89. 


30 IV 

C)H,,0,N.Cl, 8:9-Dichloro-7:10-dianilino-1-hydroxynaphthacenequin- 
one (HARRop, Norris, and WEIZMANN), T., 288. 

CyH»0,N.Br Strychnine a-bromocinnamate, (and +H,0) (Jamzs and 
SupBorovueH), T., 1539. 

Strychnine a-bromoddlocinnamate, (and + H.O) (JAmEs and SupBoROUGH), 

T , 1538. 

CyH,.0,I.Hg, Substance, from camphor and K,Hgl, (Marsu and SrRUTHERS), 
T., 1781. 

C39H,;0,C1Sb Tricamphorylstibine chloride (Morcan, MickLeTHwair, 
and WHITBY), P., 302. 


C;, Group. 


Cy HaNS. Dithiocarbo-o- and -p-toluidinodi-p-tolylmethylenediamine 
(SENIER and SHEPHEARD), T., 502, 503. 


C,. Group. 


Cx:H;0. Acetylandrosterol (Moore), T., 739; P., 85. 


82 III 


CxHy»O,.N. Brucine d--and l-1-methylcyclohexylidene-4-acetate (PERKIN, 
Pope, and WAuLacH), T., 1795. 
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32 III—38 II FORMULA INDEX 


C,.H;,0.,BrP Bromoacetylandrosterol (Moors), T., 740; P., 85. 
Substance, from extract of Apocynum androsaemifolium and bromine (MooRE), 
T., 742. 


C,; Group. 
CssHigN Coprosterylcarbazole (Dorie), T., 654; P., 88. 


33 III 
C,;3H,.ON, Nitroso-derivative of coprosterylearbazole (Dor&s), T., 654; 
-, 88. 


C,, Group. 
C.,H,,0,,N Hepta-acetylamygdalin, preparation and properties of (TuTIN), 
T., 665; P., 118. 
Hepta-acetylncoamygdalin, and resolution and hydrolysis of (TuT1N), T., 
666; P., 118 
C;,H.0O;N. Phenylhydrazone of apocynamarin (Moore), T., 751. 


C:; Group. 

C;;H,,0,.N, Dicarbonaphthylaminodiphenylmethylenediamine (SENIER 
and SHEPHEARD), T., 497. 

CssHy, ON Brucine piperate (+14H,0), and its rotatory power (HILDITCH), 

» 1574; P., 214. 

nae, Drustac aB-hydropiperate (+4H,O), and its rotatory power 

(HinpitcH), T., 1574; P., 214. 
Brucine By-hydropiperate (+3H,0), and its rotatory power (HixpiTcH), T 

1574; P., 214. 

C;sH,O,N. Brucine piperonylbutyrate (+44H,0), and its rotatory power 
(Hinpitcu), T., 1574; P., 214. 


Css Gr oup. 


CsgHsg0,No Seseaetenssy hanes cam phorate, and its rotatory power 
(Hitpitcx), T., 337. 


C;, Group. 
Cy,H5,0,, Octa-acetylquercimeritrin (PERKIN), T., 2185; P., 291. 


37 III 


C;;H;.0.N, Dicarbonaphthylaminodi-p-tolylmethylenediamine (SEN- 
IER and SHEPHEARD), T., 501. 


C,; Group. 


CygH90,9 Di-a-anhydrotrimethylbrazilone (PERKIN and Rosinson), T., 
392. 

CygH30,.2 Trimethoxy-a-brazanquinhydrone (PERKIN and Rostnson), T., 
396. 


C;sH,.0. Dehydration product of a8-dimethylanhydroacetonebenzil 
(Gray), T., 2134. 
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FORMULA INDEX 38 IV—583 III 


38 IV 


Cz3Hy0,N;AS Dibenzoyl] derivative of base, from arsenious chloride and aniline 
(MorcAN and MickLETHwalIr), T., 1475. 

C;3H3.0,SSb. Triphenylstibine hydroxysulphate (Morecan, MIcKLE- 
THWAIT, and WuHiITBY), P., 302. 


C;,, Group. 


Cs3Hy0,N,AS Tribenzoylaminotriphenylarsine oxide (Morcan and 
Mick.LetTawatr), T., 1475. 


. 


C,. Group. 


CyoH340,. Di-c-anhydrotrimethylbrazilone diacetate (PERKIN and Rosin- 
son), T., 392 


42 III 
CwH,»OSi, Tribenzylsilicyl oxide (Martin and Kuippine), T., 307; 
P., 28. 


C.; Group. 


CoH, O1.N, Dibrucine oxalate (+44H,0), and its rotatory power (HILDITCH), 
,» 1580; P., 214. 


C,, Group. 


CoH ,01.N, Dibrucine malonate (+38H,0), and its rotatory power (H1LDITCH), 
, 1580; P., 214. 


C;, Group. 


C5oH70;1.Hg, Substance, from interaction of camphor and mercuric and potass- 
ium iodides (MARsH and StrurHERs), T., 1787. 


Cs Group x 


CH O0.N, Dibrucine glutarate (+4H,0), and its rotatory power (HIL- 
piTcH), T., 1580; P., 214. 


C;. Group. 

C:.H;,0,.N, Dibrucine muconate (+8H,0), and its rotatory power (H11- 
pDiTcH), T., 1573; P., 214. 

Cs2H_0,.N, Dibrucine a8-hydromuconate (+54H,0), and its rotatory power 
(Hixpiren), T., 1573 ; P., 214. 

Dibrucine By-hydromuconate (+8H,0), and its rotatory power (HILDITCH), 

T., 1573; P., 214. 

CooHHezOi3N Dibrucine adipate, and its rotatory power (HiLpITcH), T., 1573 ; 

214. 


ae 


C,;; Group. 


CssHls, Ora, Dibrucine pimelate (+4H,0), and its rotatory power (HILDITOR), 
, 1580; P., 214. 
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54 III—58 III FORMULA INDEX 


C;, Group. 


C5sH¢,0,.N, Dibrucine suberate (+4}H,O), and its rotatory power (Hiz- 
DITCH), T., 1580; P., 214. 


C,; Group. 


C;;H,.0,.N, Dibrucine azelate (+3H,O), and its rotatory power (HILDITCR), 
T., 1580; P., 214. 


C;, Group. 


CssH»0,.N, Dibrucine sebacate, and its rotatory power (Hitpitcu), T 
1580 ; P., 214. 


C;; Group. 
C;sH_.0,.N, Dibrucine cinnamylidenemalonate (+5H,0), and its rotatory 
power (HiipiTcn), T., 1574: P., 214. 
C5sH,,0,.N, Dibrucine phenylpropylidenemalonate (+3H,0) (Ht- 
DITCH), T., 1575; P., 214. 
Dibrucine oe ° te Heen (+4H,0), and its rotatory power 
(Hrupitcn), T., 1574; P., 214. 


ERRATA, 


Vout. XCV (TRans., 1909). 


Page Line 
116 14 in formula for ‘‘ CO'C,H;” read ‘* CO-CH,.” 
121 15 for “*C=65'95” read ‘* C=66°95.” 
427 7 , “Y for H” read ** Y for OH.” 
690 a *6579” read ‘* 594.” 
711 “574” ” “594,” 
721 ‘a. B-,” read * aB-. 
722 “ OH: Hg: OEt” read ‘‘OH‘Hg'Et.” 
723 delete “i. ” 
732 col. 7 insert **- - -.” 
732 col. 6 for ‘‘- —” read ‘*- — - 
864 Jor ** Six grams” read ‘* 2°16 gt rams. 
1354 so “20” vead * 40,” 
5 


1938 insert ‘‘ Density of methyl iodide at a = 2°24603.” 


1938 for **50° 8072” read ‘* 41°4518.” 
1951 »» ‘‘phototropic” read “‘ thermotropic.” 
1957 omit ** -3-carboxylic acid.” 


CH(CN) ‘CME 
1957 alter formula to ** omen Nome.” 
\CH == C(0H)Z 


” 


” 


” 


1958 3 for ‘‘acid” read ‘ ester.” 
1960 * ,, ‘‘hydroxy-acid” read ‘‘ dihydrophenol.” 


* From bottom. 
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“No communication shall be included in the list of titles of papers to 
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